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1.1 InformationForeword
This guideline applies to gas engines and power gensets (with or without heat utilization)
as well as the associated auxiliary systems and switchgear of the manufacturer Caterpil-
lar Energy Solutions GmbH (CES for short). Target audiences of the guideline are planners,
manufacturers, operators and contractors of CES.

The specifications of the directive serve as a technical basis for the planning, operation
and maintenance of safe, functional and efficient energy supply plants with integrated
CES products. The aforementioned target audiences must therefore observe and imple-
ment the aforementioned specifications. Project-related deviations are possible after ap-
proval by CES.

This guideline is not an operating manual! However, the implementation of the content is
fundamental for the intended use of the product and can protect against hazards that
may be caused by the use of the product or the energy supply plant.

Due to the variety of installation options, it is only possible to specify generally valid infor-
mation and notes for planning purposes. Further product and application-related regula-
tions in the technical documentation supplement this guideline and must be observed.
We therefore recommend that the planning phase be carried out with CES or an autho-
rized dealer.

Only qualified personnel with the required qualifications and knowledge in the field of en-
ergy supply plants may plan the use of CES products. Appropriately qualified personnel
are also required to safely and properly install, commission and maintain the product. The
product is operated by personnel with the minimum requirements specified by CES. The
availability and qualification of personnel must therefore be taken into account in plan-
ning.

Standards, directives, and regulations listed have no claim to completeness. Therefore, the
local requirements must be investigated and duly taken into account in each individual
case.

CES shall not be liable for any personal injury, environmental damage, property damage,
or claims resulting from failure to comply with the information, notices, and specifications
in this policy. This also applies to warranty and guarantee claims.
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1.2 InformationFeedback on documentation

Do you have any praise, criticism or suggestions for improvement for this
document?

Send an e-mail to techred@mwm.net.

Describe your request as precisely as possible. So that we can categorize your feedback,
please also provide the following information:

9007199541385227: Example document (HTML page in the Service Library on the left, and a PDF
page on the right side)

• Document number and language (1)

• Page title or page number (2)

• Contact data (name, email) for potential further enquiries

Thank you for your support. We read all feedback carefully.

We look forward to hearing from you!
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2.1 SafetyGeneral
The safety aspects indicated and described below play a very important role for energy
supply plants with gas engines. However, no claim is made regarding completeness of
this consideration as each plant is different in regards to its structure, location, operating
method and technical condition, and different regional regulations also apply. Further-
more, all safety notes in the operating manual and other manufacturer information apply
and must be observed.

2.2 SafetyResponsibilities

2.2.1 SafetyManufacturer

The plant manufacturer is responsible for product safety within the scope of its intended
use.

The plant manufacturer shall use suitable product design measures as a result of the risk
assessment to minimize all foreseeable hazards. This shall ensure that there is a suitable
level of safety for persons working at the plant, persons in the area of influence of the
plant and also for the environment.

2.2.2 SafetyOperator and employer representative

The plant operator shall make all necessary decisions regarding the safe operation of the
plant. When doing so, they shall take all manufacturer specifications into account.

Employers of persons working on the site shall conduct the job safety analysis. Measures
tailored to plant operation are defined and implemented. The aim is to ensure adequate
safety for persons working on the plant, for persons in the area of influence of the plant
and for the environment.

2.3 SafetyPossible hazards at energy supply plants

2.3.1 SafetyMechanical hazards

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Risk of impact There is a risk of impact in the case of
protruding or low-hanging plant com-
ponents. These can be, for example, a
low-hanging gas pressure controller or
gauge fitting on piping. This can lead to
serious injuries and/or prevent escape in
an emergency situation

• The required headroom and pas-
sage width shall always be ob-
served. In particular, components,
gauge fitting etc., shall not be lo-
cated in passageways

• Marking and impact protection in
hazardous locations can prevent in-
juries
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

– As part of personal protective
equipment, bump caps can
prevent injuries

Moving/rotating
parts

Rotating and other moving parts on ma-
chines can cause serious injuries or even
death due to shearing and drawing in.

• In general, all relevant machine
parts shall be protected to protect
against direct contact

Risk of falling There is a risk of falling when working
on work platforms, plant roofs and other
work at a height. Falls can result in se-
vere injuries or death.

• Structural fall protections include,
for example, railings, self-closing
passage barriers, etc.

• If fall protections are not perma-
nently installed, protection against
falling shall be ensured in another
manner. In addition to scaffolding,
the use of personal protective
equipment can be necessary to pre-
vent falling. Suitable anchor points
shall be provided and defined for
this purpose

Falling objects Particularly during maintenance work,
components and tools can fall from a
height and injure or kill persons.

• Lifting equipment and cranes shall
be erected, operated and checked
in accordance with applicable regu-
lations

• Work platforms shall be equipped
with base edging so that tools, etc.
cannot fall over the edge of the
work platforms

• Personal protective equipment such
as safety shoes and hard hats can
protect against falling objects
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Slippery surfaces Surfaces can become slippery due to
their texture or impurities. Falls may re-
sult in serious injury.

• All walking paths shall be designed
to be sufficiently slip-resistant. This
applies in particular to areas where
contamination, e.g. water, coolant
or lube oil, is to be expected

• The plant shall be cleaned regularly
and based on requirements during
maintenance. Escaping operating
media and other impurities shall be
collected without delay

• Safety shoes shall have sufficient
anti-slip properties

Tripping points The following examples can be tripping
hazards: thresholds, foundation edges,
protruding earthing lugs, piping running
on the ground. Falling can result in seri-
ous injuries.

• Thresholds and edges as well as
piping running on the ground shall
be avoided as far as possible by de-
sign

• Grounding lugs shall not be located
in passageways

• If tripping hazards in passageways
cannot be avoided, they shall be
marked so they can be easily no-
ticed

Automatic startup If the genset is not sufficiently secured
against being turned back on, it can
start up unexpectedly, especially when
performing maintenance measures. The
unexpected startup of the genset can
cause severe injuries or death. The same
applies for other parts of the plant that
can start up automatically.

• Sufficiently securing against auto-
matic startup normally includes the
safe disconnection of all power
sources. Any residual stored energy
shall be dissipated or released

• During implementation, the infor-
mation in the operating manual
shall be fully taken into account.
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

System breakage If the permissible operating pressures
and operating temperatures are ex-
ceeded, especially in the cooling system
and heat extraction system, this can lead
to leaks or the breakage of system com-
ponents. Hot pressurized media can es-
cape and injure or kill persons. The plant
can be seriously damaged.

• The necessary personal protective
equipment for the monitoring and
limitation of pressure and tempera-
ture shall be installed

• A function test of the personal pro-
tective equipment shall be per-
formed regularly during mainte-
nance measures

2.3.2 SafetyElectrical hazards

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Short-circuit elec-
tric arc

Short-circuit electric arcs can generate
severe explosions and abruptly vaporize
metallic contact material. Arc flashes can
occur at extremely high temperatures.
This can severely injure or kill persons.
The plant can be severely damaged or
destroyed.

• The uncontrolled occurrence and
propagation of short-circuit electric
arcs in the switchgear must be
taken into account as early as the
planning stage in order to ensure
the highest protection objective,
personal protection

• If there is nevertheless a risk of a
short-circuit electric arc, suitable
measures must be taken against the
harmful effects of the short-circuit
electric arc

• The five safety rules shall be ob-
served and implemented

Hazardous body
currents

Voltage potentials due to a fault of the
electrical plant equipment as well as due
to tribo-electrical charging can lead to
hazardous current flows that can injure
or kill persons.

• Protective earthing must be estab-
lished for the whole plant. This shall
include all electrical components, all
piping, air ducts and other compo-
nents and assemblies. The protec-
tive grounding must be dimen-
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

sioned in such a way that possible
fault currents to be expected can be
safely discharged

• Proper coordination of protective
measures in the different network
systems is necessary during plan-
ning. The differences between the
TT and TN systems and the IT sys-
tem must be taken into account
with regard to the shutdown times
of the protective devices. The fol-
lowing protective measures are per-
missible, taking into account exter-
nal influences:

– Protection by automatically
shutting down the power sup-
ply.

– Ensure that the impedance be-
tween the outer conductors
and the protective conductor
of a circuit or the equipment is
sufficiently low.

– The protective equipotential
bonding is intended to bring all
conductive parts of electrical
equipment to approximately
the same potential in the event
of a fault. The protective
equipotential bonding as an
additional protective measure
thus provides increased protec-
tion against dangerous touch
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

voltages until disconnection by
the upstream overcurrent pro-
tective device.

– Protection through double or
reinforced insulation.

– Protection by protective sepa-
ration for the supply of a con-
sumable.

– Protection by extra-low voltage
by means of SELV or PELV.

Required information

• Concept for protective grounding, protective conductor and protective equipotential
bonding [} 29]

2.3.3 SafetyThermal hazards

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Hot surfaces Exhaust lines and coolant lines and the
engine as well as other plant compo-
nents are hot when operating. This can
cause burns to the skin in case of brief
contact.

• Isolation and shielding of the com-
ponents concerned – especially in
passageways

Hot exhaust gas Hot exhaust gas can escape during
maintenance work on the exhaust sys-
tem and cause burns.

• Organizational measures and per-
sonal protective equipment permit
safe work

Hot coolant Hot coolant can escape during mainte-
nance work on the cooling system and
cause burns.

• Emptying nozzles shall be easy to
reach and positioned as low as pos-
sible to prevent body scalding

• Organizational measures and per-
sonal protective equipment permit
safe work
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2.3.4 SafetyHazard due to noise

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Noise in the
genset room

The high noise load in the genset room
can cause irreversible hearing loss, even
if staying in the room only for a short
time.

• When working in the genset room,
suitable ear protection shall be
worn while the genset is operating

• The access doors to the genset
room shall be marked with suitable
prohibition signs that mandate the
use of ear protection

Noise in the
genset room

Low frequency noise emissions can
cause discomfort if staying in the genset
room for a longer period of time,
thereby endangering safe working.

• It is necessary to adhere to break
times outside of the genset room
and take breaks as necessary

Noise emissions The genset and auxiliary drives emit a
considerable amount of acoustic power
that, depending on the distance, can
damage hearing or have a disturbing ef-
fect.

• The genset and the related auxiliary
drives shall be suitably enclosed in
a housing with a muffling wall
structure

2.3.5 SafetyHazards generated by radiation

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Electromagnetic
fields

Electrical plant components generate
electromagnetic fields. They can have a
damaging effect on medical implants
and disturb signals inside and outside
the plant. This can lead to injuries or
death as well as malfunctions of the
plant.

• Electrical components are shielded
by their housings

• All components in the plant shall be
suitably shielded by a housing in
accordance with the local specifica-
tions

• Control cables in the plant shall in
general be shielded and, if possible
and necessary, laid with spacing in
metal cable trays separately of
power cables

• Prohibitory signs with “No access
for persons with pacemakers or im-
planted defibrillators” shall be at-
tached to all plant access points
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

• In principle, no persons with medi-
cal implants whose function can be
disturbed by electromagnetic fields
may enter the plant

• If restricted work areas are still to
be accessed by persons with EMF
sensitive medical implants, then all
necessary measurements must be
carried out to determine the EMF
load in these areas. Only medical
clearance for the defined work in
the defined work areas shall allow
affected persons to perform any
work in the plant. It shall be en-
sured that the work and work areas
always comply with the defined
scope

2.3.6 SafetyHazard generated by materials and substances

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Operating media Operating materials can cause various
specific hazards. Lube oil, coolant or fuel
gas, for example, can have a toxic effect
if ingested. The corresponding hazard
potential is described in the safety data
sheets for the substances. In the case of
fuel gases, their composition must be
known exactly to be able to precisely
identify the hazards.

• In general, measures to prevent
hazards and for first aid are de-
scribed in the safety data sheets.
These precise measures shall be ap-
plied in any case. In addition, other
measures can be helpful or required

• In the case of fuel gas, ambient
monitoring and maintenance is also
required in permanently technically
sealed systems, whereby any leaks
can be detected and protective
measures can be initiated as a re-
sult
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2.3.7 SafetyErgonomic hazards

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Visibility Insufficient lighting or a lighting failure
can lead to an accident, as obstacles and
hazards can no longer be seen. This
makes it difficult or impossible to evacu-
ate the plant in the case of a failure.

• Plant lighting shall be implemented
according to normative specifica-
tions in order to ensure a safe
working environment at and in the
plant

• If workstations cannot be suffi-
ciently illuminated by the plant
lighting, suitable temporary lighting
shall be used while working

• If the regular plant lighting fails
(e.g., due to a power failure), emer-
gency lighting shall be imple-
mented such that the plant can be
left safely. Danger areas, evaluation
routes, exit doors and emergency
stop equipment shall be easily rec-
ognizable even with the emergency
lighting

2.3.8 SafetyHazards in conjunction with the application environment of the machine

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Dust Dust can enter the genset room via the
supply air, damaging the equipment and
endangering people. Dust can also be a
source of damage and danger over time
due to poor cleaning. Dangerous leak-
age currents are possible via a dust
layer. Furthermore, dust can hinder the
dissipation of heat and thus lead to
overheating of plant components. It is
possible that components of the plant
are not sufficiently protected against
dust and may be damaged or destroyed.
Hazards may not be detected due to

• Supply air filters of at least the filter
class indicated in the document
shall be used

• The plant shall be cleaned regularly
and based on requirements during
maintenance

• Plant doors shall always be kept
closed
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Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

dust layer. The resulting unsafe plant
operation leads to an increase risk of in-
jury for persons.

2.3.9 SafetyCombination of hazards

Hazard Hazard descriptions Risk reduction or emergency re-
sponse measures (examples)

Effort and high
temperatures

Considerable fluid loss due to sweating
is possible in particular when perform-
ing maintenance work on the exhaust
system or in the warm genset room. If
the work is also strenuous, the body can
overheat quickly. As a result, misjudging
hazards and reduced responsiveness
can lead to serious injuries or even
death.

• Work on the exhaust system is nor-
mally performed with the exhaust
system turned off and with the ex-
haust gas routing sufficiently
cooled down. The surface tempera-
ture shall be sufficiently reduced
depending on the work

• If this is not possible, e.g., in the
case of exhaust gas emission mea-
surements, the work time shall be
limited, with sufficient breaks, and
the work shall be performed with
particular caution

• Ensure sufficient fluid replacement

2.4 SafetyGeneral safety concept

2.4.1 SafetySystem overview of the safety concept

The following illustration shows an example division of a plant into rooms and zones as
well as a selection of typical equipment and a selection of typical switching elements that
should be operated or used by persons working on the plant for protection in the event
of a detected hazard. The illustration also shows signal devices that display a hazardous
state on the plant and examples of areas for safety markings.
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3615131787: Simplified example illustration

1 Genset room 2 Danger zone

3 Switchgear room 4 Roof with auxiliary systems

5 Signal tower (external) 6 Emergency stop button (switchgear
cabinets)

7 Emergency stop button (external) 8 Various safety signs

9 Example of access door (lockable,
with panic bar)

10 Signal tower (internal)

11 Fire extinguisher with suitable extin-
guishing agent

12 Lighting

13 Indication of escape route with emer-
gency lighting

14 Gas sensor

15 Smoke and temperature sensor 16 Emergency stop button (internal)

17 Suitable ladder with railing 18 Non-slip floor covering (in access
area)
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2.4.2 SafetyScope

The CES products have been designed in compliance with the applicable safety require-
ments and CES knowledge so that hazards are ruled out and risks are sufficiently reduced.
The relevant risk reduction and hazard prevention measures are specified for each prod-
uct in the safety concept.

During project planning for the scope of delivery for an energy supply plant, CES, in con-
sultation with the client, also defines measures for the integration of the client’s own
scope of supply in the overall plant. This is done based on an order from CES, the client or
both.

Depending on the scope of delivery, the regional regulations and the situation on site, the
safety concept comprises:

• Structural division of the plant into rooms and danger zone

• Definition of workstations for operation

• Number and positions of emergency stop buttons and emergency switching off but-
tons

• Fire and explosion protection

• Emergency exit signs and safety signs on all doors

• Panic locks on all entrance doors. These doors can also be opened from inside even
when locked

• Marking of walk-accessible areas on the roof with non-slip coating and fall protection
concept

• Interior lighting and emergency lighting

• Potential equalization and grounding

• Safeguarding all cooling circuits by means of safety fittings against hazards due to an
impermissibly high operating pressure

• Low-water protection that responds in case of leakages

• Pan-shaped design of the base of the machine enclosure for holding escaped liquids
in case of leakages

• Safeguarding access to the operating computer against unauthorized operation

• Safeguarding access to the machine enclosure

• Safeguarding all access to the overall plant

• Lightning protection

2.4.3 SafetySafety matrix

The safety matrix for complete plants provides an overview of safety functions and other
important plant functions. The overview assigns the follow-up actions for hazard preven-
tion or for protecting the genset and the plant to the signals from activated sensors or
buttons.
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2.5 SafetySelected safety concepts for hazard prevention in CES plants

2.5.1 SafetyFire protection concept

Hazard description

• For required information on specific hazards and consequences of a fire, see Chapter
Hazard generated by materials and substances [} 19]

Probability for the occurrence of fires

Minimizing potential fire loads, using flame retardant materials, and performing electrical
installations and maintenance as directed makes fires unlikely to occur. Organizational
measures such as prohibiting open fires and keeping flammable materials out of the plant
continue to reduce the risk of fires starting.

Fire loads outside of the plant must also be taken into account. Observing adequate
safety distances and minimizing fire loads can therefore effectively prevent a fire from
spreading from outside to the plant.

Risk reduction measures

Legal requirements and established technical possibilities to reduce the risk of fires or
their early detection to a sufficient level require the implementation of additional techni-
cal measures for fire protection.

Early detection of smoke and heat development can make a significant contribution to
warning people in good time of possible dangers and preventing injuries as well as keep-
ing property damage within limits. Countermeasures can be initiated early that can pre-
vent or contain a fire.

In CES plants, the concept described below counteracts the development of fires and thus
sufficiently reduces the risk of dangerous consequences of fires.

At least one smoke and one heat sensor each with sufficient sensitivity with regard to
smoke development and heat development is installed in the genset room and
switchgear room.

An external quick closing valve must close immediately in the event of a fire, so that the
supply of fuel gas to the genset room is safely interrupted.

Upon detection of smoke and / or a sufficiently high temperature rise, the following fol-
low-up actions are triggered by the plant control in the auxiliary cabinet (HAS):

• The control issues an alarm

• Optical and acoustic signals are activated

• The genset stops without delay with emergency stop

• The shut-off valves of the zero pressure control line close immediately

• The supply, exhaust and circulating air louver dampers are closed

• Supply and exhaust fans are switched off
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• Fresh and used oil pump (if present) are stopped

• External quick closing valve (QCV) closes

The follow-up actions of fire alarm have priority over the follow-up actions of gas alarm.
The reason for this principle is that subsequent actions to protect against explosion can
strongly promote a fire event and the fuel gas supply is interrupted anyway in the event
of a fire alarm.

2.5.2 SafetyExplosion protection concept

Hazard description

The use of fuel gases to drive gas engines may result in the release of flammable gases or
gas mixtures in the event of leakage. If these fuel gases occur in a mixing ratio with air in
which ignition is possible, there is a risk of explosion. This is referred to as explosive gas
mixtures, which are defined by a lower and an upper explosion limit with regard to the
volume proportions of fuel gas and air. For example, in a methane-air mixture, the lower
explosion limit of methane is 4.4 vol.% and the upper explosion limit of methane is
16.5 vol.%. Outside these limits, the explosion of a methane-air mixture is not possible.
Within these limits, there is a risk of explosion if sufficient ignition energy is present, e.g.
from sparks or hot surfaces. Depending on the mixture quantity and reaction kinetics, an
explosion has the potential to injure or kill persons and to damage or destroy plant
equipment.

Probability for the occurrence of dangerous fuel gas leaks

The fuel gas line, including the installed parts such as gas trains, are permanently techni-
cally tight. The gas engine is technically tight.

This means that, in principle, no hazardous quantities of fuel gas escape when used as in-
tended.

Despite proper execution of installation and maintenance measures, there is a residual
risk of leakage of fuel gas or gas mixture. If these leaks occur, they are usually relatively
small (e.g. leaking flange connection) or initially small and gradually increasing in size (e.g.
cracks on expansion joint increasing in size over time).

When the plant is operated, fresh air flows through the genset room. In terms of volume
flow, this corresponds at least to the combustion air and at most to the cooling air re-
quired at high ambient temperatures. If the plant is not operated, no fuel gas flows to the
engine via the gas train. Double shut-off valves interrupt the flow of fuel gas. This means
that in the condition of relatively increased probability of fuel gas leakage, the genset
room is well-ventilated and in the condition of much lower probability of fuel gas leakage,
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there is no operational ventilation of the genset room. This means that the plant is usually
so well ventilated that the probability of the formation of hazardous explosive fuel gas
mixtures is considered very low.

Risk reduction measures

Legal requirements and established technical possibilities to reduce the risk of explosions
to a sufficient level require the implementation of additional technical measures for ex-
plosion protection.

The hierarchical approach to implementing explosion protection measures is the basis for
selecting suitable measures. This means that primary explosion protection measures must
be implemented first, before any secondary or tertiary explosion protection measures
might be required.

Primary explosion protection has priority and aims to prevent a hazardous explosive at-
mosphere. This can be achieved by diluting fuel gas leaks with sufficient fresh air.

In CES plants, the concept described below counteracts the formation of hazardous ex-
plosive atmospheres and thus sufficiently reduces the risk of an explosion.

At least one gas sensor with sufficient sensitivity to the fuel gas is installed in the genset
room. An evaluation tool evaluates the measurement signal and sends signals in each
case at fuel gas concentrations of 20 % and 40 % of the lower explosion limit.

An external quick closing valve must close immediately in the event of a gas leak with
40 % LEL, so that the supply of fuel gas to the genset room is safely interrupted.

When fuel gas with a concentration of 20 % of the lower explosion limit is detected, the
following follow-up actions are triggered by the plant control in the auxiliary cabinet
(HAS):

• The control issues an alarm

• Optical and acoustic signals are activated

• The genset is shut down in a controlled manner, pumps run for heat dissipation after

• The supply and exhaust air louver dampers are fully opened

• The circulating air louver damper is closed

• The supply air ventilators rotate at maximum speed

• The shut-off valves of the zero pressure control line close when the genset is running
down

When fuel gas with a concentration of 40 % of the lower explosion limit is detected, the
following follow-up actions are triggered by the plant control in the auxiliary cabinet
(HAS):

• The control issues an alarm

• Optical and acoustic signals are activated

• The genset stops without delay with emergency stop
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• The shut-off valves of the zero pressure control line close immediately

• The supply and exhaust air louver dampers are fully opened

• The circulating air louver damper is closed

• The supply air ventilators rotate at maximum speed

• Gas solenoid valves close

• External quick closing valve (QCV) closes

In order to ensure the function of the effective ventilation and to detect a possible failure
of the ventilation at an early stage, flow monitors are arranged in the supply air. If the
monitors do not detect sufficient flow, the genset is shut down in a controlled manner af-
ter a defined delay time.

2.5.3 SafetyLightning protection concept

Hazard description

• For required information on specific hazards and consequences of lightning, see
Chapter Hazards in conjunction with the application environment of the machine
[} 20]

Probability of lightning strikes and transient overvoltages

The probability of lightning strikes and transient overvoltages from the upstream network
are possible in principle, depending on the installation site and the type of network there.

Energy supply plants must therefore be adequately protected against lightning strikes
and against dangerous and disturbing potential differences in accordance with local con-
ditions and regulations.

Risk reduction measures

A lightning protection zone concept according to IEC 62305-4:2010 can provide help. A
building or plant is divided into zones with different levels of hazard potential. Based on
these zones, it is determined where which internal and external measures, air-termination
systems and arrester types are necessary.

When planning and installing lightning protection systems, national specifications, special
features, applications or safety data from the respective country-specific supplementary
sheets must be taken into account.

A lightning and surge protection system consists of several coordinated systems.

Basically, a lightning and surge protection system consists of an internal and an external
lightning protection system.

These are again divided into the following systems and measures:

• Air-termination systems

• Discharges/conductors
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• Groundings

• Room shielding

• Separation distance

• Lightning protection equipotential bonding

4037227531: Diagram of a lightning and surge protection system

These systems must be selected for the specific application and used in a coordinated
manner. Various user and product standards form the normative basis that must be com-
plied with during construction.

The supplementary sheets of the IEC international guidelines and the harmonized Euro-
pean versions of the respective country-specific translations often contain additional in-
formative (country-specific) data.

If lightning protection equipotential bonding is required, it primarily influences the execu-
tion of the preceding forms of equipotential bonding and necessarily requires their revi-
sion.
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2.5.4 SafetyConcept for protective grounding, protective conductor and protective equipotential
bonding

General

Protective grounding (PE) and equipotential bonding of the energy supply unit must be
connected to the relevant wiring system and the operator’s foundation ground electrode.

3611695499: Example illustration of the integration of an energy supply unit into the higher-level
plant

1 Auxiliary cabinet (HAS) 2 Genset control (AGS)

3 Genset 4 Foundation with foundation ground
electrode

5 Plant-side wiring system ≤0.1 Ω
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Lightning protection

Separate grounding rails and foundation ground electrodes with terminal lugs are re-
quired for lightning protection.

The lightning protection must not be connected to the main grounding rail (protective
and functional equipotential bonding)!

3615132299: Example illustration of installations with lightning protection

1 Main grounding rail for genset and
auxiliary drives

2 Grounding rail for lightning protec-
tion

TEM and TPEM system

Observe the following during design and assembly:

• Control battery capacity >40 Ah, with 35 A protection (TCG 3016) or 45 A protection
(TCG 3020)

• Check line cross-sections vs. line lengths (see Circuit diagram)

• The cable cross-section of the connection line must be dimensioned in accordance
with the preliminary fuse and distance from TPEM CC

• Never connect the 24 V supply for the TEM/TPEM system directly to the starter bat-
tery

• PE of the power supply and GND must be connected (HAS <-> AGS), avoid using
double connections

• The main equipotential bonding between the genset and switchgear must be con-
nected before commissioning

• If several power supplies are used, the signals must be switched to TEM/TPEM via po-
tential-free relays.
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Overview of the TEM system

3615132811: Example illustration of the TEM system

1 Installations: supports, cable trays,
piping, etc.

2 Master control cabinet (ZAS)

3 Generator power field (GLF) 4 Auxiliary cabinet (HAS)

5 Genset control (AGS) 6 Genset

7 Radiator 8 Gas train

9 Coolant pumps and other compo-
nents

10 Main grounding rail

11 Grounding leads in the foundation 12 Base frame: ≥70 mm2

13 Generator: 95 mm2 14 AGS connection line: ≥10 mm2

15 Connection lines: min. 35 mm2 (de-
pending on power supply)

16 Connection lines for auxiliary systems:
6 mm2

17 Connection lines for installations:
6 mm2
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Overview of the TPEM system

3615133323: Example illustration of the TEM system

1 Installations: supports, cable trays,
piping, etc.

2 Master control cabinet (ZAS)

3 Generator power field (GLF) 4 Auxiliary cabinet (HAS)

5 TPEM Control Cabinet (TPEM CC) 6 Genset

7 Radiator 8 Gas train

9 Coolant pumps and other compo-
nents

10 Main grounding rail

11 Grounding leads in the foundation 12 Generator: 95 mm2

13 Base frame: ≥70 mm2 14 TPEM CB connection line: 6 mm2

15 Connection lines: min. 35 mm2 (de-
pending on power supply)

16 Connection lines for auxiliary systems:
6 mm2

17 Connection lines for installations:
6 mm2

2.5.5 SafetyConcept for power supply if the mains supply fails

The power supply of the TEM system or the TPEM system is provided by one or multiple
switching power supplies in combination with batteries. The batteries provide sufficient
voltage in the case of a mains failure so that the plant can be shut down in a controlled
manner.

The requirements specified in the circuit diagrams and in the switchgear cabinet specifica-
tion apply for the power supply of the TEM system and the TPEM system as well as op-
tional measurement devices or some actuators in the auxiliary drive cabinet.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Safety 2

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 33

2.5.6 SafetyConcept for protection against water and soil hazards

Hazard description

Operating materials are used in energy supply plants that can potentially endanger water
and soil.

Especially during filling and leakage of operating fluids such as coolant and lube oil, water
and soil can be contaminated, causing environmental damage.

Probability of leakage of operating materials

The systems for coolant and lubricating fluid must be closed and tested for leaks.

Overfill protections must reliably prevent overflow when filling the systems.

If the above-mentioned measures are implemented, the risk of unintentional leakage of
operating fluids is significantly reduced, but leakage can still occur.

Risk reduction measures

Legal requirements and established technical possibilities to reduce the risk of water and
soil contamination to a sufficient level require the implementation of supplementary tech-
nical measures for water and soil protection.

Retention facilities must be implemented for substances hazardous to water. This usually
includes all system components that contain substances hazardous to water.

In practical implementation, the following structural measures usually have to be imple-
mented depending on individual requirements:

• Impermeable installation area for the genset and associated systems with operating
media hazardous to water

• Impermeable refueling surfaces (e.g. for lube oil)

• Suitable geometries of the installation surfaces that prevent the operating media
from flowing beyond the surfaces and can fully absorb any leaks

• Placing operating materials in containers on set-up areas intended for containment
or in adequately dimensioned drip pans

When implementing technical measures to retain leakage, precipitation water and fire-
fighting water must be taken into account.

CES containerized power station

CES containerized power stations usually have coolant-carrying systems installed on the
roof. Leakage can occur there.

Unintentional leakage of lube oil may occur during refueling and draining.

For these cases of leakage, necessary structural measures must be taken to retain leakage
in order to direct it to the prescribed disposal routes. Regional regulations apply.

For leakages in the genset room of the container, the container floor is designed as a
sump, which is sufficiently large to retain leakages.
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Fluid-carrying systems can be continued outside the plant. This often affects the heating
circuit for heat extraction. If this system is not hydraulically separated from the container
and the possible leakage volume exceeds the containment volume of the container sump,
the manufacturer of the continued system must provide containment of any leakage from
this system. Regional regulations apply.
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3 Technical support and servicesTechnical support and services
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3.1 Technical support and servicesGeneral
For plants with CES gensets, various services are available that are helpful or required for
planning, design, commissioning, operation and maintenance.

3.2 Technical support and servicesPlant planning

3.2.1 Technical support and servicesBasic principles

During the plant planning stage, the functions of the plant are defined, and suitable com-
ponents are then selected.

These components are integrated into building structures. The installation of piping, elec-
trical cable routes and signal lines connects the components to a functional energy supply
plant.

All the requirements from applicable regulations must be met during planning. All the
measures that are required as a result of a risk assessment must be implemented in order
to ensure a safe plant. A job safety analysis must be performed by the operator. This anal-
ysis is the basis for safe work procedures for all activities on the plant.

Layout of power plants is intended as a generally applicable reference document provid-
ing help and assistance for plant planning. Many planning documents are also created
and made available for specific projects. Some central services are mentioned and de-
scribed below.

3.2.2 Technical support and servicesPlant diagram and single line diagram

CES provides piping and instrumentation diagrams that define the integration of the
genset and components of the auxiliary systems as well as important operation parame-
ters.

CES also provides customized piping and instrumentation diagrams for customers on re-
quest. These take into account the order-specific design of the plant within the permissi-
ble operating limits of the plant.

CES creates single line diagrams that are tailored to customer requirements.

3.2.3 Technical support and servicesPlant control

CES provides switchgear solutions that are tailored to customer requirements.

This can include an auxiliary cabinet, a generator circuit breaker cabinet for low voltage,
and a master control cabinet for multi-engine plants. In addition, low voltage and
medium voltage distribution systems as well as transformers with plant cabling are also
available.
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3.2.4 Technical support and servicesSystem components

Components of the auxiliary systems of the energy supply plant that are designed specifi-
cally for the relevant order can be obtained directly from CES. These components are or-
dered and delivered along with the genset.

Many components that have been tried and tested during the operation of plants with
CES gensets as well as components that are specified and designed according to cus-
tomer requirements can be obtained from CES.

3.2.5 Technical support and servicesPlant units and complete plants

In addition to individual components that must be integrated into piping and electrotech-
nical systems, CES also provides pre-installed functional units made up of multiple com-
ponents.

This may be a cooling module, for example. This is a component arrangement made up of
pumps, heat exchangers, sensors, etc., mounted on a frame construction. This component
arrangement is already connected to the piping and can be pre-wired. The cooling mod-
ule is optimized in terms of its function and the space required for installation.

A cooling module has been prepared for mounting on the genset's piping connections
and can be positioned directly on the genset as a unit. This makes it possible to minimize
the assembly work at the plant's installation site.

The cooling module is a tried-and-tested functional unit that performs important func-
tions for every genset's operation.

CES also provides complete energy supply plants. The planning and design can relate to
plants in permanent buildings, but can also be done for containers.

For containerized power stations, the genset is installed in a sound-insulated container
together with all the necessary auxiliary systems. Components of the exhaust system and
radiators for the cooling systems are mounted on the roof of the container.

Further information

• Types of power stations [} 69]

3.2.6 Technical support and servicesReplacing existing plants

Following many years of operation, plants must be replaced if the plan is to continue us-
ing them. This often includes an overhaul of the genset or replacing the genset as well as
replacing components of the auxiliary systems. Plant conversions may even be required in
order to meet new functional requirements and/or to increase the efficiency of the plant.

3.3 Technical support and servicesServices
Various services are often provided for products. Your dealer will tell you exactly which
services you can get for your product.
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3.4 Technical support and servicesTraining
The Mannheim Learning Center regularly offers training courses for various target groups,
such as customers and service personnel. The training program covers the genset as well
as plant engineering auxiliary systems.

The main topics are:

• Fundamentals of gas engine systems

• Engine control/Plant control

• Generator technology

• Fundamentals of electrotechnology

• Annual re-training courses for electricians

Contact address: ces_learning@cat.com

The Mannheim Learning Center is the point of contact for all Learning Centers worldwide.

Further information

• Training portal: https://ces.docebosaas.com/home/learn

3.5 Technical support and servicesDocumentation
The documentation is part of the product. It includes various documents aimed at the rel-
evant target groups. For example, there is operator documentation and service documen-
tation.

The documentation covers all the relevant information about the following life cycle
phases. The life cycle phases are storage, transport, assembly, commissioning, operation,
maintenance (incl. maintenance and inspection schedule) and dismantling if necessary.

Safety notes are provided in a separate safety chapter and are described at the relevant
points in the component documentation.

As a rule, the documentation is delivered in printed form with the product. The documen-
tation is also available in digital form in the Service Library.

3.6 Technical support and servicesService Library
The Service Library is an online portal where product information from Caterpillar Energy
Solutions Mannheim is made available.

The portal is an online web application that can be used on every PC or on mobile de-
vices.

The full-text search and various filters can be used to search for, view, download and
comment on content.

A vast quantity of information is provided, such as operating manuals, maintenance infor-
mation, work instructions and software.
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You can find further information on accessing the Service Library at https://caterpillar.ser-
vice-library.net. To register, please contact your business partner or your superior.
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4.1 Basic planning principles for energy supply plantsStructure and function

4.1.1 Basic planning principles for energy supply plantsPurpose

The purpose of energy supply plants is the provision of energy in usable form. This en-
ergy is mainly used in private households, in industry and for the operation of infrastruc-
ture, such as telecommunications and traffic.

4.1.2 Basic planning principles for energy supply plantsStructural design

Energy supply plant

The heart of the energy supply plant is the combustion engine unit, where one energy
supply plant can have several combustion engine units.

Combustion engine unit

A combustion engine unit consists of:

• Genset

• All auxiliary systems that are directly assigned to this genset

• Any other systems that are also required for the genset’s operation

Genset

The genset is a mechanical engineering and functional unit with the following main com-
ponents: combustion engine, generator, power transmission (coupling), support structure
system (base frame) and engine control.

Auxiliary systems

Various auxiliary systems are required for the operation of the genset and are often con-
nected directly to the genset.

The following auxiliary systems are often part of energy supply plants with combustion
engines.

• Ventilation system

• Cooling systems

• Heat extraction system

• Fuel system

• Lube oil system

• Combustion air system

• Exhaust system

• Support structure system

• Machine enclosure

• Compressed air system
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• Electrical power system

• Electrical auxiliary power system

• Plant control system

Other systems

In addition to the combustion engine units, other systems for shared tasks can also be
part of the energy supply plant. These include, for example, a shared fuel storage tank, a
shared transformer station as well as office and social buildings.

Schematic plant structure

The following illustration shows a schematic view of the described plant structure.

3539201419: Structure of a typical energy supply plant

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Basic planning principles for energy supply plants

44
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

4.1.3 Basic planning principles for energy supply plantsEnergy conversion process and media flows

“Plants for energy supply with combustion engines convert a chemical energy source into
various forms of usable energy in several steps.

Depending on the operation mode (power- or heat-driven), electrical energy and thermal
energy for heating purposes is primarily provided. Plants for energy supply with combustion
engines can essentially be used for the provision of control energy because the chemical en-
ergy used for conversion can be stored and can be converted as needed.” [VGB Guideline
S-823-34]

Combustion engines can be used to make a fuel energetically usable with combustion air.
The following illustration shows the most important media and energy flows in plants
with combustion engines. It may be the case that the heat utilization shown in the illustra-
tion does not occur. In this case, only the electrical energy is made available and the ther-
mal energy that is produced is unused and is discharged into the environment.

3539201931: Media and energy flows of a typical combustion engine unit

Further information

• Gas engine [} 84]

4.1.4 Basic planning principles for energy supply plantsExample

The illustration shows a plant with a gas engine genset and various auxiliary systems and
components. It is used only to understand the interconnections and is not to scale, de-
tailed or complete. The concrete design of a plant and the arrangement of the compo-
nents must correspond to the local conditions and is carried out during project planning.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Basic planning principles for energy supply plants 4

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 45

2963981323: Simplified representation of a combined heat and power station (CHPS)

1 Genset 2 Combustion air filter (combustion air
system)

3 Supply air filters and supply air fans
(ventilation system)

4 Radiators (cooling systems)

5 Fresh oil tank and waste oil tank (lube
oil system)

6 Building walls and ceilings (machine
enclosure)

7 Switchgear cabinets (genset and
plant control system and electrical
auxiliary power system)

8 Switchgear cabinet with generator
circuit breaker (electrical power sys-
tem)

9 Cooling module with pumps, valves
and plate heat exchanger (cooling
and heat extraction system)

10 Fuel gas line and gas train (fuel sys-
tem)

11 Exhaust air system (ventilation sys-
tem)

12 Exhaust gas cleaning system (exhaust
system)

13 Exhaust heat exchanger (heat utiliza-
tion system)

14 Exhaust muffler (exhaust system)

15 Exhaust stack (exhaust system)O
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4.2 Basic planning principles for energy supply plantsAssessment of demand

4.2.1 Basic planning principles for energy supply plantsAnnual consumption curves

The size of the genset design is based on the electricity and heat demand using annual
consumption curves.

4.2.2 Basic planning principles for energy supply plantsPower demand

The power demand curve is decisive in determining the demand for power in grid-parallel
operation. Investigate whether it is appropriate to split the total output between several
gensets. For back-up power operation, in addition to the power demand in grid-parallel
operation, the back-up power output must also be considered. A distinction must be
made between “important” and “non-important” consumers and their permissible down-
times.

Not all consumers are connected or achieve their maximum current consumption simulta-
neously (simultaneity factor).

Some consumers purely consume active power, while others merely consume an apparent
power output. Particular consumers, such as those with impact load characteristics or that
make extreme demands in terms of constant voltage and frequency, must be taken into
account.

Under special climatic mounting conditions, e.g., high altitude, high air temperatures and
air humidity, the engine and generator are unable to produce their normal output. This
results in reduced power as per ISO 8528-1 or DIN VDE 0530 and DIN EN 60034.

4.2.3 Basic planning principles for energy supply plantsHeat demand

The heat demand curve can be used to determine the size and number of gensets re-
quired for heat-driven operation. However, with heat-driven operation, it is essential to
consider the generation of and demand for power. The choice of operating mode may
lead to negative feed and/or to power being drawn from the mains.

4.3 Basic planning principles for energy supply plantsOverview of control modes, operation modes and reference variables

4.3.1 Basic planning principles for energy supply plantsIntroduction

This chapter serves as the basis for the planning of the operating concept, the control
concept and the proper and efficient use of the CES combustion engine units and their
auxiliary systems on site.

An overview in table form first lists the most important control modes, operation modes
and reference variables with a brief description of their purpose. This is followed by more
detailed information about typical operation modes that must be taken into account dur-
ing planning.
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As this document cannot describe every use and the use of the product will be influenced
by the situation on site, CES will be happy to answer any questions you may have and
generally recommends a coordinated approach to project planning.

4.3.2 Basic planning principles for energy supply plantsOverview tables

The operation modes listed here are based on various differentiation criteria. Several op-
eration modes are therefore relevant for each specific application.

Operation modes, listed according to control mode

Designation Description

Automatic operation Automatic operation in order to start the operationally ready
module automatically via an external signal or power de-
mand and connect to the power grid

Manual mode Manual operation in order to start the module manually as
required. The start-up and power demand is performed by
the operating personnel in steps

Table 1: Overview according to control mode

Operation modes, listed according to reference variable for operation of the plant

Designation Description

Power-driven operation Operation mode of a heat power station in which the power
station performance is based on the demand for power.

• For more information: Power demand [} 46]

Heat-driven operation Operation mode of a heat power station in which the power
station performance is based on the demand for heat.

• For more information: Heat demand [} 46]

Fuel gas-driven opera-
tion

Operation mode of a power station in which the power sta-
tion performance is based on the supply of fuel gas.

Table 2: Overview according to reference variable
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Operation modes, listed according to fuel gas supply

Designation Description

Single-gas operation Operation mode of a genset in which a certain type of fuel
gas is continuously used as fuel.

Dual gas operation Operation mode of a genset in which one of two possible
types of fuel gas or a mixture of both types of fuel gas is
used as fuel.

For more information: Gas trains [} 169]

Admix operation Dual gas operation using a mixture in which the volume frac-
tion of one type of fuel gas is at least 10 % and the volume
fraction of the other type of fuel gas is max. 90 %.

Switch-over operation Dual gas operation in which the volume fraction of one type
of fuel gas is 100 % and the volume fraction of the other
type of fuel gas is 0 %. It is only possible to switch over from
one type of fuel gas to the other when the genset is at a
standstill.

Table 3: Overview according to fuel gas

Operation modes, listed according to integration into the power grid

Designation Description

Grid-parallel operation Operation mode in which one energy supply plant feeds
electric current into a power distribution grid into which one
or more other energy supply plants are already feeding elec-
tric current.

Further information

• Grid-parallel operation [} 260]

Island operation Operation mode in which one energy supply plant with just
one genset is the only power source in the power distribu-
tion grid.

For more information: Island operation and island-parallel
operation [} 266]

Island-parallel operation Operation mode in which one energy supply plant contains
several gensets as an island and these gensets are operated
together in this island.
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Designation Description

For more information: Island operation and island-parallel
operation [} 266]

Table 4: Overview according to power grid

Operation modes, listed according to coverage of demand for electrical energy

Designation Description

Base load operation
(continuous operation)

Operation of an energy supply plant with the objective of
covering the base load that is present in an energy supply
grid. The base load is the constantly required electrical
power in a supply area.

Peak load operation
(flexible operation)

Operation of an energy supply plant with the objective of
covering the peak load that is present in an energy supply
grid. The peak load is the share of electrical power in a sup-
ply area that is required only at relatively short notice and
for a limited time.

Table 5: Overview according to coverage of demand

Operation modes, listed according to the provision of electrical and/or thermal
energy

Designation Description

Full load operation Operation mode of a genset in which the genset is running
at 100 percent of the rated power.

Partial load operation Operation mode of a genset in which the genset is running
at less than 100 percent of the rated power.

Overload operation

(not permissible)

Operation mode of a genset in which the genset is running
at more than 100 percent of the rated power.

Power-reduced opera-
tion

It is possible that the genset cannot run at full load for vari-
ous technical reasons. These are generally operating condi-
tions detected via the engine control that bring about a situ-
ation in which the genset can only be operated at reduced
power.

Table 6: Overview according to provision of energy
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Operation modes, listed according to loading during plant operation

Designation Description

Steady-state operation Operation mode of a genset during which the genset is al-
most constantly loaded over a long period of time.

Transient operation Operation mode of a genset during which the genset’s load-
ing often changes.

Table 7: Overview according to loading

Starting

Designation Description

Fast Ramp-Up Additional option during flexible operation that makes it
possible to ramp up the genset to the demanded power
faster over a steeper power ramp after starting.

For more information: Fast Ramp-Up [} 53]

Black start Start an energy supply plant from a totally switched off state
using its own auxiliary energy source without supplying elec-
trical energy from an external source.

For more information: Black start capability (island opera-
tion) [} 65]

Table 8: Overview of starting

Switching off

Designation Description

Emergency stop Instantaneous shutdown of the genset with interruption of
the fuel gas supply and opening of the generator circuit
breaker. All the pumps continue running. The emergency
stop is useful for interrupting or preventing possible haz-
ardous operating situations. An emergency stop can be used
to reduce the risk of dangerous machine movements.
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Designation Description

Depending on the type of emergency stop, either all the
pumps can continue running for cooling purposes or they
can also be stopped at the same time.

Emergency switching off Instantaneous interruption of the power supply of the genset
and the directly related equipment. During emergency
switching off, an emergency stop of the genset is always
performed as well. Emergency switching off reduces the risk
of danger from an electric shock or another electrical hazard.

Table 9: Overview of switching off

4.4 Basic planning principles for energy supply plantsMinimum loads
Especially for island operation, island-parallel operation but also for grid-parallel opera-
tion, restrictions for the operation of a gas engine genset must be observed. These re-
strictions have a particular effect on the maximum availability with minimum maintenance
cost.

In addition, no stable behavior is guaranteed for power outputs below 50 % of the rated
power:

• Emissions

• Lube oil consumption

• Fuel use

Fixed values for the genset output are still saved in the TEM control or TPEM control. The
genset is switched off after a prior warning if these values are undercut.

The following table contains information about minimum loads and shutdowns for the
engine types used in the current genset series. The information also applies to the differ-
ent versions of each type of engine.

Short-term operation Continuous operation

Engine type Shutdown limit in kW (*) Recommended minimum
load in kW (**)

TCG 3016 V08 100 200

TCG 3016 V12 150 300

TCG 3016 V16 200 400

TCG 2020 V12 305 600

TCG 2020 V16 410 780
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Short-term operation Continuous operation

TCG 2020 V20 585 1000

TCG 3020 V12 420 690

TCG 3020 V16 560 920

TCG 3020 V20 700 1150

TCG 2032 V12 800 1666

TCG 2032 V16 1060 2150

(*) TEM gensets: A warning is issued after 45 min / a shutdown is performed after
60 min

(*) TPEM gensets: A warning is issued after 15 min / a shutdown is performed after
60 min

(**) Operation below the limit value for continuous operation is not recommended and
should be limited. If this is required, however, make sure that the genset is then oper-
ated at a power that is above the limit value for a long period of time (>120 min).

Table 10: Minimum loads and shutdowns

4.5 Basic planning principles for energy supply plantsProvision of control energy
In an electric power supply system, generation and consumption of power must always
balance each other out. Power can only be stored in an electrical supply system to a lim-
ited extent. The purpose of control energy is to balance out deviations between genera-
tion and extraction. There are two different types of control energy here:

• Positive control energy: In the event of an unpredicted increased power demand,
positive control energy is necessary. Generation must be increased or the decrease in
performance must be reduced (energy deficit).

• Negative control energy: The power production is above the current demand; current
collectors must be temporarily switched on or power generators temporarily limited
(energy surplus).

There are three different types of control energy:

• Primary control energy: Power is required for quick stabilization of the mains within
30 seconds so that frequency deviation is stopped.

• Secondary control energy: Power must be fully available within five minutes so that
frequency deviation is reduced.

• Tertiary control energy (minute reserve): Is used for the replacement of the secondary
control energy within a lead time and is retrieved for a period of at least 15 minutes
at a constant level.
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The amount of renewable energies is continuously increasing. Power generation from
controllable energy supply units is gaining ever greater significance, since wind and solar
energy are not permanently available.

Gas engine gensets can be operated with flexible operation.

In flexible operation of the Caterpillar Energy Solutions gensets, two operation modes are
possible for participation in the control energy market:

• Provision of the power in the part-load operational range (secondary and tertiary)

• Starting from a standstill and using the full power of the genset (secondary and ter-
tiary)

Operation in the part-load operational range protects the genset. A flexible mode that in-
volves starting from a standstill up to full load places much more stress on the genset.
This can cause wear, for example.

Adjustments to the prelubrication and to the preheating contribute to the reduction in
wear with these gensets.

Whether a genset in question is suitable for the output of primary, secondary or tertiary
control power and which technical requirements and additions are necessary in order to
fulfill the pre-qualification requirements must be clarified on a project-specific basis.

4.6 Basic planning principles for energy supply plantsFast Ramp-Up
To balance excess supplies and reduced supplies of electric current in the interconnected
grid, there is a need for increasingly high flexibility during power generation. This flexibil-
ity results in the required extra power (positive or negative) and serves to balance situa-
tions in which the electricity demand in the grid is higher or lower than the forecast de-
mand. This extra power is purchased by the grid operators from private or public electric-
ity providers with individually defined contract terms. Examples of this include the STOR
(Short Term Operating Reserve) program in Great Britain or the balancing energy market
(primary, secondary and tertiary) in Germany.

The “Fast Ramp-Up (FRU)” option was developed within the TEM control system to show
fast reaction times. This option makes it possible to move a preheated engine to the rated
power in a short period of time. This requires that the genset, or rather the complete en-
gine cooling system including the lube oil circuit, must be constantly kept warm at tem-
peratures above 40 °C. This option is approved for the genset TCG 2032B V16.

4.7 Basic planning principles for energy supply plantsBack-up power operation

NOTE

The following information relates to a back-up power operation according to
DIN VDE 0100-710, DIN VDE 0100-560, DIN EN 50172, DIN VDE 0100-718
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For some special applications, it is necessary in an emergency situation to supply power
to important consumers for 15 seconds. In order to realize this kind of emergency power
supply, the function and consumers must be clearly defined in the project planning phase.
The power available after 15 seconds corresponds to the first load step as per the load ta-
ble.

For this application, the gas engine must be able to black start. This condition can only be
fulfilled by single-engine plants with gensets TCG 3016, TCG 2020 V12 and TCG 2020 V16.
The gensets TCG 2020 V20 and TCG 3020 V20 are not suitable for back-up power opera-
tion because their startup time is too long.

In island operation with more than one gas genset, the first genset supplies the back-up
power. The other gas gensets start once the power supplied by the first genset is stable.
The auxiliary drive power for the subsequent gas gensets is supplied by the first genset.
The other gensets will be synchronized to the first one. In some special cases, it is possible
to start more than one gas genset to cover a higher amount of back-up supply as well. In
this case a run-up synchronization is necessary.

The available back-up power will be calculated according to the first load step multiplied
by the number of running gensets. This is a very special application of the gas gensets
and must be planned in detail.

Corresponding IEC standards

• DIN VDE 0100-560 IEC 60364-5-56

• DIN VDE 0100-710 IEC 60364-7-710

• DIN VDE 0100-718 IEC 60364-7-718

Required information

• Transient performance capability (island operation) [} 55]

• Black start capability (island operation) [} 65]
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4.8 Basic planning principles for energy supply plantsTransient performance capability (island operation)

4.8.1 Basic planning principles for energy supply plantsProcesses and terms

Island operation and island-parallel operation

Unlike transmission grids with a large number of infeed gensets and power consumers, an
island grid is made up of a small number of nodes (1). Power is supplied (2) by just one
genset (island operation) or by multiple gensets (island-parallel operation).

3522499723: Example illustration of an island grid

Voltage and frequency holding in island operation

In island operation, the speed of the gas engine determines the frequency of the gener-
ated voltage (3), and the generator excitation determines its value. The lower number of
nodes causes the frequency to fluctuate much faster than in large grids as power con-
sumption changes, and the frequency must be kept stable within the desired limits by the
genset’s control system.

Control accuracy and performance classes

The permissible voltage fluctuations are preset by the requirements of the equipment
used by the grid participants. The definition of performance classes in G-classes, for ex-
ample, generally serves as the basis for combustion engines. The following list provides
an initial overview:

• G1 with requirements for the frequency and voltage curve during a load change: sim-
ple household equipment, simple drives.

• G2 with standard requirements for the frequency and voltage curve during a load
change: comparable with the public mains.

• G3 with higher requirements for the frequency and voltage curve (even sinusoidal)
during a load change: comparable with electronic data processing systems, telecom-
munications equipment, etc.

• G4 is intended for complex applications that cannot be classified in the classes G1 –
G3 and are planned during special project planning.
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Standards

Exact information about the requirements and tolerances of the performance classes can
be found in ISO 8528-5:2022-06 Reciprocating internal combustion engine driven alter-
nating current generator sets - Part 5: Generating sets, for example.

Switching loads on and off

During operation, the power consumption fluctuates as a result of switching on and
switching off consumers (loads). For the genset, this means:

• When loads are switched on, the drive of a power-generating genset (gas engine) is
more or less braked and the speed (frequency) drops for a short time.

• When loads are switched off, the drive of a power-generating genset (gas engine) is
more or less relieved and the speed (frequency) increases for a short time.

Every change in the speed of the genset has a direct effect on the amplitude of the gener-
ated voltage and its frequency in island operation. The generator’s voltage controller then
very quickly regulates the voltage. It takes longer to regulate the frequency. To keep the
frequency stable, the energy supply plant’s control system must do the following, de-
pending on the situation:

• Adjust the power of the gensets

• Switch more gensets on and off

Load steps and wait time

Generally, loads are not switched on and off slowly in the form of ramps, but are switched
very quickly. Since the control system needs a certain amount of time to regulate, short-
term frequency and voltage fluctuations occur. These are proportional to the value of the
load that was switched on or off.

To comply with the requirements of the desired control accuracy, the power demand is
not therefore changed in one step (1) in the event of large load jumps, but step by step
(2) in accordance with the technical performance of the genset and its control capabilities.

3935320075: Simplified interaction between load steps and wait time

The permissible size of the steps depends on the design of the genset and the position of
the current operating point.
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To ensure that the genset is regulated to its required setpoint by the control system (3)
after a step is switched, there is a certain wait time before the next step is switched.

Because of the processes involved, gas engines have a reaction time before the emission
control interventions have an effect on the exhaust emissions produced in the combus-
tion chambers and subsequently at the provided measuring point. When the genset is set
correctly and in steady-state operation, the specified wait time is sufficient for standard
applications. For transient operation with its flexible operating modes, special measures
may be required, depending on the required emission targets. This is one of the tasks
performed during planning of the connected exhaust system (exhaust gas cleaning).

4.8.2 Basic planning principles for energy supply plantsNotes for planning

General procedure

Knowledge of the island grid to be supplied is important during project planning for an
energy supply plant. Depending on the required control accuracy and the required con-
trol capabilities for switching loads on and off on site, the island grid is classified into a
performance class.

A suitable standard genset can then be selected or adapted to the island grid using mea-
sures implemented by the manufacturer. Depending on the operating conditions for the
genset on site, appropriate adaptations must be taken into account.

• For required information on performance and control: Island operation and island-
parallel operation [} 266] and Active power load share (island-parallel operation)
[} 66]

General conditions for load switching

The following applies for switching loads using load steps in accordance with the genset-
specific technical specifications:

• Exhaust emission 500 mg/m3 NOx, or 5 % O2 (stationary)

• Natural gas operation

• Warm engine

• ISO conditions

• Line from the zero pressure controller of the gas train to the gas mixer valve max.
1.5 m long

• A minimum gas pressure before the zero pressure control line of 100 mbar (note
plant design)

• Installation height < 500 m above sea level
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The permissible load steps change in the case of deviating conditions. When connecting
electric drives (pumps, compressors) to the isolation busbar, it is necessary to consider
their switching power in addition to their rated power.

Genset-related operational influences

The following operation parameters influence the height of the load steps:

• Air cleaner, clean or contaminated

• Increased exhaust back pressure

• Net calorific value and methane number of the fuel gas

• Engine wear

• Installation height

• Air inlet temperature

• Emission limits for NOx emissions

• Generator controller

• Wait time between individual load acceptances or load rejections

Operation deviating from the design generally leads to a reduction in the permissible
load step height.

NOTE

Deviating NOx emission values

The transient load step capability is affected by the set NOx emission level and actual on-
site conditions.

Calibration of set NOx value via in-cylinder temperatures map is performed only in steady
state engine operation. Emissions may deviate from calibrated set NOx values during tran-
sient engine operation.

• Required information: Exhaust gas emissions (island operation) [} 65]

Influence of the performance class

With an increasing performance class:

• The requirements for the genset increase. The tolerance bands become narrower and
the required stabilization times become shorter.

• The permissible step height decreases with load switches for the same genset.
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When planning a plant, choose only the required performance class for the respective ap-
plication.

The maximum step height can only be illustrated outside of the most roughly standard-
ized performance class G1. Here it is only ensured that the engine is not damaged or goes
into fault shutdown. The frequency drops or stabilization times, however, are no longer
defined.

Genset-specific information and required bulletins

The capability of load acceptance and load rejection depends on the engine specification,
the gas engine's and generator's total moment of inertia and the plant conditions.
Genset-specific technical data on the load steps is therefore available as bulletins for
planning. These are available for every standard series and contain the possible load steps
with wait time for the performance classes G1 – G3. The genset-specific transient perfor-
mance capability is shown in diagrams and tables.

• Required information: Technical Bulletins TR 2170 and TR 2172

For each of the series TCG 2020 and TCG 2032, there are diagrams for the maximum load
steps without an allocation to one of the standardized performance classes. For the new
engine series TCG 3016 and TCG 3020, the diagrams and tables for the performance
classes G1, G2, and G3 have been determined for the individual numbers of cylinders and
speeds (50 Hz and 60 Hz).

The bulletins are split into:

• Transient performance capability without performance classes

• Transient performance capability with performance classes

4.8.3 Basic planning principles for energy supply plantsIntroduction to the genset-specific description

4.8.3.1 Basic planning principles for energy supply plantsGeneral

In the following explanations, tables and diagrams, the fundamental capability of load ac-
ceptance and load rejection is shown for a gas engine genset. The information is intended
to help you understand the bulletins and is therefore a general description.

NOTE

If the wait time is too short, there is a risk of unstable engine operation and the require-
ments of the ISO classes may not be complied with. Depending on the instability, the
genset control even shuts down the genset to protect against damage
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4.8.3.2 Basic planning principles for energy supply plantsInformation shown in tables

Basic planning principles for energy supply plantsIntroduction

In the tables listed below, the first column shows the engine load acceptance in steps
from zero load up to 100 % load. The second column shows the required stabilization
time in order to get the frequency back into the tolerance band around the rated fre-
quency after a load step. The third column shows the maximum speed drop expected
when the specified steps are fully exhausted. The tables for the load rejection show the
load rejection in steps from 100 % load to idle. Load rejection from any load to 0 % or on
auxiliary power is generally allowed in island operation, but should be avoided during
normal operation. This protects the genset.

Example: The gas engine genset illustrated in the tables can be loaded with a maximum of
25 % in the first load step in accordance with the “load acceptance” table column. Based
on a preload of 25 %, this is a maximum of 17 %. With a preload of 42 %, it is a maximum
of 13 %. In the last load step this is 7 %. The same applies for the “load rejection” table
column. Only a limited load rejection can occur starting from the current load.

Basic planning principles for energy supply plantsLoad steps without a performance class allocated

General, exemplary representation without reference to a genset.

Conditions Moment of inertia of generator

Intake air temperature 30 °C Number
of cylin-
ders 1

≥ XX kgm2

MCC inlet
tempera-
ture

Natural
gas

40 °C Number
of cylin-
ders 2

≥ YY kgm2

Number
of cylin-
ders 3

≥ ZZ kgm2

Load acceptance (Z) Load rejection (A)

PN [%] tf [s] n [%] PN [%] tf [s] n [%]

0 - 25 15 -13 100 - 93 8 +6

25 - 42 15 -11 93 - 85 10 +6

42 - 55 15 -10 85 - 75 12 +9

55 - 65 15 -10 75 - 65 12 +9
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65 - 75 12 -9 65 - 55 15 +10

75 - 85 12 -9 55 - 42 15 +10

85 - 93 10 -6 42 - 25 15 +11

93 - 100 8 -6 25 - 0 15 +13

PN Current load tf Stabilization time

n Speed change

Z Load acceptance A Load rejection

Basic planning principles for energy supply plantsLoad steps with performance classes according to ISO 8528

General, exemplary representation without reference to a genset

Intake air temperature 30 °C Perfor-
mance
class

Wait
time (s)

MCC inlet temperature 45 °C G1 25

Moment of inertia of generator ≥ XX kgm2 G2 20

G3 15
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3624235531: Example table

1 Load acceptance (Z) 2 Load rejection (A)

PN Current load G Performance classes

LS Load step

4.8.3.3 Basic planning principles for energy supply plantsInformation shown in diagrams

The following diagrams show the permissible load acceptance or load rejection of the en-
gines. On the x axis, you have the current load of the engines. The y axis shows the possi-
ble load acceptance or the possible load rejection related to the current engine load.
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Load steps without a performance class allocated

Let’s look at the example used in chapter Load steps without a performance class allo-
cated [} 60] again. The following diagram shows a falling curve between 0 % and 55 % in
the engine loading range, in the area of the load acceptance. In this load range, the per-
mitted load acceptance decreases from 25 % to 10 % if the engine output is increased. In
the load range from 55 % to 75 %, the permitted load acceptance is 10 %. Above 75 % to
100 % the permitted load acceptance continues to decrease. Upon reaching 100 % load,
no additional load acceptance is possible. The load rejection behaves in the same way.

Example: The current operating point (1) of the genset is at 65 % of the rated power. The
desired load acceptance brings it to 95 % of the rated power. This is done in 4 steps with
the load steps (LS) 10 %, 10 %, 9 % and 8 %.

3624240395: Load steps without performance classes

(+) Load acceptance (-) Load rejection

PN Current load in percent

(based on the rated power)

LS Load step

Load steps with performance classes according to ISO 8528

The following diagram shows the example used in chapter Load steps with performance
classes according to ISO 8528 [} 61].
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3624239883: Load steps with performance classes

(+) Load acceptance (-) Load rejection

G Performance classes (G1, G2, G3)

(as per ISO 8528)

PN Actual power in percent

(based on the rated power)

LS Maximum permitted load acceptance
and load rejection in percent

(based on the rated power)

4.8.3.4 Basic planning principles for energy supply plantsInformation on wait time

After the load step from 0 % to 30 %, there must be a wait time of a minimum of 25 sec-
onds (tmin) before the next load step from 30 % to 50 % may be initiated. The wait time
must be complied with for each load step (see next illustration).

Example of load progression with wait time:

3625220235: Wait time

(+) Load acceptance (-) Load rejection
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LS Load step t Time in seconds

tmin Minimum wait time topt Optional wait time extension

4.9 Basic planning principles for energy supply plantsStarting of large consumers (island operation)
Some consumers such as pumps or fans have an effective starting power, which is a mul-
tiple of the rated power. In the case of a high effective starting power, it is necessary to
use special starting procedures. For example, star/delta starting or soft starting. If there
are consumers with a heavy starting torque, it is sometimes necessary to use load banks
or battery storage to start these large consumers. For this reason, it is necessary to check
the customer plant consumers and to coordinate the load acceptance and load rejection
during project planning.

4.10 Basic planning principles for energy supply plantsBlack start capability (island operation)
If a gas genset is “black-started”, the gas genset starts without auxiliary drive power for
prelubrication and cooling water pumps. The gas genset is started directly after the de-
mand contact in the TEM system or the TPEM system has been closed. The cooling water
pumps start as soon as the auxiliary drive power supply is available. Furthermore, the gas
genset will be started without a prior leakage check of the gas train. The black start is an
emergency function of the gas gensets and should be used only for emergency situations.
Due to the high wear of the gas engine, this function should not be used more than three
times a year.

The following gas engines are able to black start:

• TCG 3016

• TCG 2020

• TCG 2020 K

• TCG 3020

The black start is purely a function for island operation and is not possible in grid-parallel
operation. The TCG 2032 is not capable of black-starting. This series requires prelubrica-
tion before the start. Therefore, a power supply for the auxiliary drives is required, for ex-
ample using an emergency diesel or UPS.

4.11 Basic planning principles for energy supply plantsExhaust gas emissions (island operation)
During island operation, the TEM system or TPEM system regulates the exhaust gas emis-
sions automatically. The typical value is 500 mg NOx/Nm3 (in relation to 5 % O2, dry) or
higher and can be parameterized by the commissioning staff. The higher enrichment of
the fuel gas and air mixture provides a better load changing behavior of the gas engine,
but leads to a higher NOx value. If the emissions value must be lower than 500 mg/Nm3
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in island operation, the fuel gas and air mixture has to be leaner. In this case, the load
step table must be readjusted. In this way the height of the steps must be decreased so
that the number of steps from idle to full load will be increased.

Required information

• Transient performance capability (island operation) [} 55]

4.12 Basic planning principles for energy supply plantsActive power load share (island-parallel operation)
An active power load share function is required for island-parallel operation of a plant
with multiple gensets. This should be provided as an integral component of the genset
control (TPEM/TEM system) during project planning if at all possible. Alternatively, how-
ever, external, superior control is also possible.

This superior control for the load share must be suitable for the TPEM/TEM system and
must have at least the following properties:

• Common frequency control of all gensets connected in parallel

• Analog setpoint speed specification for power control of the individual gensets

• Parameterizable PI and PID speed governors

Only a suitable load share ensures stable island-parallel operation. Based on experience
with gensets in island-parallel operation, Caterpillar Energy Solutions GmbH offers a load
share solution for island-parallel operation:

• Load share via the master control cabinet (ZAS)

– Additional mounting plate for installation in the ZAS

– Load-dependent speed governor parameterization (8-stage) for dynamic high-
power control

– Variants for Island-parallel operation of up to 4 gensets or up to 8 gensets (as
well as optional control of a coupler circuit breaker)

– Other special load shares for more than 8 gensets are possible on request

• Load share via the TPEM Multi Function Relay (TPEM MFR)

– Additional function for the TPEM MFR in the TPEM Control Cabinet (TPEM CC)

– Data exchange between the gensets via CAN bus

It is strongly recommended to implement Island-parallel operation for large gensets on
the basis of the CES load share solution. The selection of an insufficient load share solu-
tion can lead to the following problems:

• Load fluctuations between the gensets

• Delays in the commissioning of the plant and additional costs for components and
labor

• Necessity of retrofitting in the superior control solution
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Costs or delays resulting from the use of an insufficient control of the load share system
are not the responsibility of Caterpillar Energy Solutions GmbH.

Required information

• Island-parallel operation [} 270]

4.13 Basic planning principles for energy supply plantsOther operation modes
This document only describes selected typical operation modes and reference variables
for the planning of energy supply plants with combustion engine units. Depending on the
situation on site, other concepts, modifications or combinations may be useful and can be
taken into account during project planning.

Further information

• Technical support and services [} 35]
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5 Types of power stationsTypes of power stations
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5.1 Types of power stationsPower station with one genset

5.1.1 Types of power stationsPower station overview

The following illustration shows an example of a typical power station with one genset. It
is intended as a starting point to help you understand the components of an energy sup-
ply plant. To simplify the overview, the proportions and spaces are not to scale.

3522759051: Simplified example illustration

1 Building (machine enclosure) 2 Switchgear

3 Genset with auxiliary systems 4 Roof attachments

5 Superior control
O

pe
ra

to
r L

ev
el

 (O
L)

 / 
90

07
20

20
86

10
97

07
 - 

EN
 / 

20
24

-1
1



Types of power stations 5

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 71

5.1.2 Types of power stationsStructure and function

Power stations with a single genset generally consist of the building with the required
rooms for the genset and the auxiliary systems. All the auxiliary systems are designed only
for this single genset and are located in the same room (gas train) or adjacent room, or
outside the building, depending on the auxiliary system and its components.

An energy supply plant like this generates low voltage or medium voltage. A heat extrac-
tion system via heat exchanger increases efficiency considerably. The choice of power in-
put is important during planning:

• Only grid-parallel

• Only island operation

• Grid-parallel and island operation, depending on the situation

In terms of control technology, an energy supply plant like this consists of:

• the control for the combustion engine unit with the control tasks and regulating
tasks for the combustion engine, the generator, the auxiliary systems and the power
part of the combustion engine unit (the generator circuit breaker for low voltage
generation, for example)

• the superior control for the energy supply plant with the control tasks and regulating
tasks for the grid connection or the power supply into an island grid, and control of
the combustion engine unit with relevant signals for the power demand

The switchgear for the combustion engine unit is generally located in a switchgear room
outside of the genset room. The superior control or regulating system of the energy sup-
ply plant can be in the immediate vicinity or far away. Since the functional scope of the
control system for the energy supply plant depends to a large degree on the regional re-
quirements of the grid operator, it is particularly important that those involved in project
planning define the competence level and requirements for this interface.

The flexible control concept of the TEM/TPEM system means that various concepts for the
operation modes and reference variables can be selected during project planning. Cus-
tomer-optimized concepts are also possible.

Various options are available for online access to the combustion engine unit.

Further information

• Overview of control modes, operation modes and reference variables [} 46]

• Control systems and switchgear [} 237]

• Power grids and genset connection [} 259]
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5.2 Types of power stationsPower station with several gensets

5.2.1 Types of power stationsPower station overview

The following illustration shows an example of a typical power station with one genset. It
is intended as a starting point to help you understand the components of an energy sup-
ply plant. To simplify the overview, the proportions and spaces are not to scale.

3522762379: Simplified example illustration

1 Building (machine enclosure) 2 Switchgear

3 Master control cabinet (ZAS) 4 Gensets with auxiliary systems

5 Central auxiliary systems 6 Superior control
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5.2.2 Types of power stationsStructure and function

Power stations with several combustion engine units increase the amount of power gen-
erated and the energy distribution capabilities.

Unlike power stations with a single combustion engine unit, individual auxiliary systems,
such as the lube oil supply, are often designed for the entire energy distribution system
and supply all combustion engine units. In addition, there is often a shared genset room,
a shared crane system or a shared supply and stock of operating media.

Depending on project planning and the number of combustion engine units, the genera-
tors are connected to a busbar. In many combustion engine units, the busbar is often di-
vided into segments and can be controlled via coupler circuit breakers.

The optional master control cabinet (ZAS), which serves as the interface to the superior
control of the energy distribution system, is recommended. The master control cabinet
(ZAS) makes the following possible, for example:

• Control of individual gensets, depending on the situation

• Load management system

• Central monitoring and control of shared systems

For complex systems, it is also possible to implement the optional SCADA application,
which uses a visualization of the plant parts to allow a quick overview and intervention.

Further information

• Central plant control - Master control cabinet (ZAS) [} 256]

5.3 Types of power stationsContainerized power station

5.3.1 Types of power stationsPower station overview

The following illustration shows an example of a typical power station with one genset. It
is intended as a starting point to help you understand the components of an energy sup-
ply plant. To simplify the overview, the proportions and spaces are not to scale.
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3522760715: Example illustration

1 Foundation 2 Container as the machine enclosure

3 Genset room 4 Switchgear room

5 Roof attachments

5.3.2 Types of power stationsStructure and function

Containerized power stations are manufactured in a factory and are disassembled into a
small number of assemblies for transport to the installation site. At the installation site,
the assemblies are combined to form the complete plant and are connected to the on-
site interfaces, e.g., foundation, fuel gas line, power cabling, heat grids and other inter-
faces if required.

Containerized power stations can be operated both as power stations with only one
genset and power stations with several gensets. If there are several gensets, the con-
tainerized power stations are usually relatively close together.

5.3.3 Types of power stationsTransport and installation of containers

5.3.3.1 Types of power stationsOverview of transport and installation of containers and assembly of components

The transport of a container from the factory to its final destination can be divided into
the following steps:

1. Loading onto truck by stationary crane or mobile crane.
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2. Transport by truck to destination or to harbor for shipping.

3. Reloading in harbor or when changing truck.

4. Unloading at destination by mobile crane or permanently installed crane.

5. Installation on the foundation.

Assembly of components

In the case of containerized plants, the genset is ready mounted and installed in the con-
tainer. Plant components such as exhaust mufflers and exhaust heat exchangers are ar-
ranged on a shared frame or on several frames made of square pipes on the roof of the
container. These frames are only mounted on the roof of the container, connected to the
piping and wired at the plant's installation site. When transporting a containerized plant,
the components located on the roof are removed and transported next to the container
as separate freight. The following illustration shows the containerized plant ready
mounted; the other illustrations show the division of the components into individual
batches for transport. The plant shown involves a CHPS container.

3720880651: Container plant, complete

1 Radiator 2 Exhaust stack

3 Catalytic converter 4 Exhaust heat exchanger

5 Exhaust bypass 6 Exhaust muffler

7 Air conditioner 8 Frame
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9 Water pipes 10 Strip foundation (provided by the
customer)

11 Container 12 Inlet air components

5.3.3.2 Types of power stationsLifting

For loading the container for transport, in the case of potential reloading and unloading
at the construction site, the container must be lifted and moved while suspended on a
crane.

The components inside the container, in particular the elastically mounted genset, are se-
cured for transport. The genset is firmly interlocked using several threaded rods and un-
derlays comprising hardwood blocks between the genset base frame and foundation rail.
In addition to this, the genset is firmly strapped at the four corners of the base frame us-
ing tensioning straps with holding lugs attached to the container structure. Components
for commissioning or other parts that are transported loosely along with the container are
also secured for the transport. Nevertheless, it must be ensured that the container is lifted
as evenly and horizontally as possible during hoisting.

The container corner plates welded in the roof of the container are used as load support
points. The rope lengths must be chosen so that the crane hook is level with the center of
gravity of the container. The position of the container’s center of gravity is marked out-
side on the side wall of the container (see illustrations below).

Lifting the container at upper container corner plates using ropes

3720906123: Lifting the container at upper container corner plates using ropes

1 Center of gravity marking 2 Container corner plate
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Lifting the container at upper container corner plates using a traverse

3720908811: Lifting the container at upper container corner plates using a traverse

1 Center of gravity marking 2 Container corner plate

3 Traverse

Lifting the container at upper corner plates using two cranes

3720924299: Lifting the container at upper corner plates using two cranes

1 Center of gravity marking 2 Container corner plate
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5.3.3.3 Types of power stationsContainer transport

In most cases, the container and accessories are transported directly to the destination by
truck.

4262381323: Transporting a container with a low loader
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If plants are to be shipped overseas, the containers are transported to a seaport and
loaded onto the ship. The containers are usually transported further from the destination
port to the installation site by truck.

When transporting the container and the components, the loads must be appropriately
secured according to the relevant regulations (e.g., VDI 2700), similar to how this is de-
scribed for the genset.

Depending on the specifications, it can also be the case that the containers are packed in
a crate for sea transport.

Both the container and the components mounted on the frame must be secured for
transport. The container corner plates can be used on the upper side for fastening the
container on the low loader.

4262384267: Fixing a container for transport on a low loader

Required information

• Transport on vehicles and ships [} 104]

5.3.3.4 Types of power stationsAssembly instructions

General assembly instructions are supplied for each containerized plant with the docu-
mentation. Specific documents for mounting the assemblies, the foundation dimensions,
etc. are provided for the individual order.
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6 Gas engine gensetGas engine genset
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6.1 Gas engine gensetOverview of gensets

6.1.1 Gas engine gensetModel series

CES offers various series of gensets for use in power stations with combustion engines.
The gensets are controlled by the TEM system or the TPEM system, depending on the se-
ries.

To meet the requirements on site, various variants (for example, number of cylinders) and
various attachments are available for selection within the different series. Special custom-
ized solutions are also available on request.

Main components of the gensets

The main components of gensets are the base frame, gas engine, torsionally flexible cou-
pling, generator and anti-vibration mounting.

The following illustration shows an overview of the typical genset series and their main
components as an example. To simplify the overview, the proportions are not to scale,
and the components are merely sketched.

3534928523: Simplified example illustration

A Series TCG 3016 with TPEM system B Series TCG 3020 with TPEM system

C Series TCG 2020 with TEM system D Series TCG 2032 with TEM system

1 Gas engine 2 Generator

3 Anti-vibration mounting 4 Flange housing
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5 Base frame 6 Anti-vibration mounting

7 Coupling

In the TCG 2020, TCG 3020 and TCG 2032 series, the gas engine (1) and generator (2) are
linked by a torsionally flexible coupling (7) and rigidly mounted on the base frame (5). The
base frame (5) is mounted on the foundation with an anti-vibration mounting (6).

In the TCG 3016 series, the gas engine (1) is permanently connected to the generator (2)
via a flange housing (4). A torsionally flexible coupling in the flange housing absorbs the
torque transmission from the engine to the generator. The engine (1) and generator (2)
unit connected via the flange housing (4) is elastically mounted on the base frame with
the anti-vibration mounting (3). The base frame is installed rigidly on the genset founda-
tion. All flexible connections for the operating media are installed on the genset. Auxil-
iaries such as prelubrication and lube oil level monitoring systems are mounted on the
base frame (5).

Preheating must be provided for every engine. Dependent on the design of the plant, the
preheating may be installed either at the genset (TCG 2032 only) or in the plant.

Technical data of the series

The genset data sheets and genset drawings contain comprehensive specifications for the
technical data of the individual series (dimensions, weight, power, etc.).

6.1.2 Gas engine gensetPower specifications on the rating plates

6.1.2.1 Gas engine gensetRating plate of the engine

The output SCN (continuous output, cannot be overloaded) for gas engines is outlined
according to DIN 3046-7. The gas engine is run with natural gas on the test cell. In the
case of engines which are run with other gas types in later operation, the output for the
gas type is additionally stated on the rating plate. The gas type is specified after the out-
put description by an extension.

For example, the following outputs can be indicated on the rating plate:

SCN n Continuous output during operation with natural gas; n stands for natural
gas. This power output is run on the test cell.

SCN b Continuous output during operation with biogas; b stands for biogas.

Table 11: Power specifications on the rating plate

Further extensions may be:
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m Mine gas

s Sewage gas

l Landfill gas

Table 12: Fuel gas specifications on the rating plate

6.1.2.2 Gas engine gensetRating plate of the generator

According to IEC 60034-1 (DIN EN 60034‑1) the rating plate of the generator lists the ap-
parent power of the specific type and the power factor (cos φ) of the generator. The spec-
ification is given in kVA (Kilo Volt-Ampere), the power factor is dimensionless.

6.1.2.3 Gas engine gensetGenset rating plate

The electric rated power of the genset is given on the rating plate of the genset. The
name of the power category is outlined according to ISO 8528-1. The power is specified
in KWel (Kilowatt electric).

Gensets with gas engines are designed for continuous operation. Therefore, the power
category COP is always stated on the genset rating plate.

6.2 Gas engine gensetStructure and function

6.2.1 Gas engine gensetGas engine

Physical design of the energy conversion process

The gas engine (combustion engine) (1) draws fuel gas and combustion air in via the fuel
gas system (2) and combustion air system (3). The gas-air mixer (4) mixes both to form
an ignitable fuel gas-combustion air mixture. The charging module (5) compresses, mix-
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ture coolers (6) cool and throttle valves (7) or in the case of the TCG 2032, rotary valves
regulate the fuel gas-combustion air mixture that flows into the combustion chambers (8)
of both cylinder rows.

In the combustion chamber, the spark plug ignites the mixture. The connected generator
converts the kinetic energy into electrical energy. Much of the thermal energy generated
during combustion can be discharged as available heat. This ensures a particularly high
overall efficiency of the energy conversion. The exhaust gases produced during combus-
tion enter the environment via the exhaust system (9).

The arrangement and design of the components will differ depending on the assembly.
The following illustrations show the differences between the individual series in simplified
form.

4780300683: Example illustration of energy conversion in the gas engine TCG 3016

3789164427: Example illustration of energy conversion in the gas engine TCG 2020 or TCG 3020
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4780301195: Example illustration of energy conversion in the gas engine TCG 2032

Regulation concept

Regulation of the mechanical power generated by the gas engine depends on the desired
electrical power, the operating situation and the grid connection with its specific demands
for electrical power supply. Essentially, a distinction is made between:

• Speed control (primarily for island operation or synchronization for grid-parallel op-
eration)

• Power control (primarily for grid-parallel operation)

Throttle valves and rotary valves (TCG 2032 only) for controlling the mixing quantity in the
combustion chambers and the gas-air mixer for controlling the mixing ratio of fuel gas to
combustion air mainly serve as actuators for the speed control and power control.

Operation and service

The quality of the fuel gas, the combustion air, the performance of the auxiliary systems
and the current technical state of the gas engine and its settings are decisive factors for
efficient operation and low emission of pollutants.

NOTE

In addition to appropriate and correct project planning, assembly and commissioning, we
therefore recommend that you avail of the comprehensive range of services provided by
your service partner throughout the entire service life of the product.
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6.2.2 Gas engine gensetGenerator

6.2.2.1 Gas engine gensetGeneral

The types used as standard are brushless synchronous generators, which, depending on
the application, may be suitable for grid-parallel operation and/or back-up power mode.

Depending on output and the available mains supply, low-voltage generators or medium-
voltage generators are used as standard. 400 V to 690 V low-voltage generators or
4.16 kV to 13.8 kV medium-voltage generators. Depending on the specific project, the im-
plementation of further voltage levels can be checked.

The efficiencies of the generators are between 95.0 % and 98 % at full load, depending on
the size and displacement factor cos (φ).

For example, a 494 kVA generator with a cos (φ) = 0.8 has an efficiency factor of 95.5 %. A
5336 kVA medium-voltage generator with a cos (φ) = 0.8 has an efficiency factor of
97.2 %. If the generator is operated at a power factor of cos (φ) = 1, efficiency is increased
by approx. 1 to 1.5 %. Operation at partial load and deviation between the mains voltage
and generator rated voltage also have an effect on the efficiency.

As per DIN VDE 0530/IEC 60034, the generators are designed for an ambient temperature
of 40 °C and an installation altitude up to 1000 m. At higher ambient temperatures or
higher altitude, a power decrease is necessary in accordance with the manufacturer's
specifications.

All generators can be operated continuously at full active power output under the follow-
ing conditions:

• Frequency range fn: +3 % / −5 % of rated frequency

• Displacement factor cos(φ): 0.8 overexcited to 0.95 underexcited

As generators can improve the cos(φ) at the grid connection point, they are ideal for reac-
tive power compensation in grid-parallel operation.

With the corresponding local or country-specific requirements in grid connection regula-
tions, various specifications for the connection point must always be considered for the
design. Generators must be specially designed for use outside the specified range.

The max. permissible unbalanced load of the generator must be observed (according to
DIN EN 60034, the upper limit for negative-sequence system / rated current = 8 %).

6.2.2.2 Gas engine gensetGenerator control

The generator controller is used to adjust the voltage in island operation. In grid-parallel
operation the generator controller controls the power factor or the reactive power by ad-
justing the exciting current accordingly. The exciter system is designed without brushes
for all generators. When using a digital generator controller (e.g., ABB Unitrol), it is possi-
ble to specify external setpoint values for the controller. The generator controller is usu-
ally integrated in the generator terminal box. The following illustration shows the system-
atic layout.
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Generator control system (for example with supply from an auxiliary winding)

3620722059: Generator control system (for example with supply from an auxiliary winding)

1 External setpoint value 2 Generator controller

3 Stator 4 Exciter field

5 Current measurement 6 Voltage measurement

7 Rotor 8 Primary field

9 Diode wheel G1 Main machine

G2 Exciter

General function of the generator control system

The supply to the generator controller can be implemented in various ways: either from
an auxiliary winding directly via a voltage transformer from the stator terminals or via a
permanent magnet generator (PMG). The principal functionality of the controller is the
same in all cases. The controller affects the exciter current of the brushless exciter ma-
chine, which is designed as an external pole machine. The rotor of the exciter machine is
mounted on the shaft of the main machine and supplies a three-phase voltage system
proportional to the exciter field current. The three-phase voltage system is rectified via
the diode bridge that rotates with it. The output direct current of the diode bridge is sup-
plied to the rotor winding of the main machine. The reaction to an external voltage set
value or power factor set value results in a corresponding change in the exciter field cur-
rent and hence indirectly affects the primary field current.
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Setpoint value specification

If a digital generator controller (e.g., ABB Unitrol) is used, the setpoints for the corre-
sponding control mode must be either parameterized in the controller or an external
specification (e.g., via a 4...20 mA analog signal) must be implemented via a remote tech-
nical connection. The generator controller measures the generator terminal voltage three-
phase either directly or via a voltage transformer as well as the generator current single-
phase via a current transformer and calculates the actual value of the controlled variable
from this. The precision of the measurement must be taken from the corresponding gen-
erator circuit diagrams. In island operation, this is the voltage; in grid-parallel operation, it
is the reactive power or the power factor. The corresponding exciter field current to be
output is calculated via a comparison between the setpoint and actual value.

6.2.2.3 Gas engine gensetGenerator protection

To protect the generators, the monitoring devices marked as required (“REQ”) in
ISO 8528-4: 2005 must at least be used.

These monitoring devices are not included in the TEM system and must be implemented
externally. The TEM MFR Multi Function Relay available from Caterpillar Energy Solutions
includes synchronization functions as well as generator monitoring and decoupling pro-
tection functions on the energy supply unit. If required, additional on-site and project-re-
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lated functions can be implemented through the use of another protective unit. In con-
junction with the Grid Demand Interface (GDI), the TEM MFR is used to implement various
requirements from grid connection rules at the genset level.

In the TPEM system, the multi-function relay (MFR) performs synchronization functions as
well as generator monitoring functions and decoupling protection functions on the en-
ergy supply unit. The MFR is installed in the TPEM Control Cabinet (TPEM CC) as standard.

The international standard ANSI/IEEE C37.2 allocates fixed numbers for functions, includ-
ing the generator protection functions. The following table shows the generator protec-
tion functions.

Number as
per ANSI/
IEEE C37-2

Designation MFR

TEM

MFR

TPEM
(TPEM CC)

LV1 MV2

59/27 Overvolt-
age/under-
voltage

x x x x

81 O/U Overfre-
quency/un-
derfre-
quency

x x x x

32 Overload x x x x

32 R/F Reverse
load/re-
duced load

x x x x

47 Voltage
asymmetry

x x x x

46 Current
asymmetry

x x x x

50 Defined
overcurrent

x x x x

51/51V Inverse time
overcurrent
monitoring

x x x x

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Gas engine genset 6

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 91

Number as
per ANSI/
IEEE C37-2

Designation MFR

TEM

MFR

TPEM
(TPEM CC)

LV1 MV2

87G Generator
differential
protection

x

50N/51N Stator
ground fault
protection

x

1 Requirement of (UN ≤ 1000 V) in low-voltage generators
2 Requirement of (UN > 1000 V) in medium-voltage generators

Table 13: Generator protection functions

All generators supplied by Caterpillar Energy Solutions are equipped with the following
sensors:

• Temperature sensors for winding temperature

• Temperature sensors for generator bearing temperature

The TEM/TPEM control is always equipped with the function to monitor the generator
winding temperatures as well as the generator bearing temperatures.

Monitoring of the generator bearing temperatures is not implemented in TCG 2020 K se-
ries gensets with TEM control. In these cases, monitoring of the generator bearing tem-
perature should be implemented as follows:

• Ordering of two parameterizable measured values in the TEM system

• Monitoring in the customer's plant

Further information

• Structure and function of the TPEM system [} 247]

• TPEM Control Cabinet (TPEM CC) [} 250]

6.2.2.4 Gas engine gensetGrounding

The protective conductor (PE) and the protective equipotential bonding must be consid-
ered for the grounding.

Protective conductor

In the event of a housing short-circuit, the protective conductor has the task of diverting
the fault current to the ground. The connection is made at the generator housing. A bore
hole is provided for this on each of the generator feet on the non-drive end side (see next
section “Connections on the generator”).
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The protective conductor is routed from the generator housing to the main grounding
electrode of the plant. This arrangement must be made short-circuit-proof. The connec-
tion of the protective conductor must be realized according to specification (see next il-
lustration).

3620721035: Recommended screw connection of a protective conductor

1 Nut 2 Cable lug

3 Protective conductor 4 Screw

5 Tooth lock washer 6 Housing

7 Washer 8 Tooth lock washer

The following must be observed: The area must be free of paint and dirt at the connec-
tion. The tooth lock washers serve to protect the screw connection from becoming loose.
According to the latest insights, it must be ensured that the tooth lock washers are real-
ized with so-called stop teeth.

The cross section of the protective conductor is calculated via the following formula:

3620721547: Formula for cross section of the protective conductor

S Cross section in mm2

lk" Initial short-circuit alternating current in [A]

k Coefficient that depends on the conductor material (e.g. 143 for copper)

t Time in which the fault current flows over the conductor

So as not to have to consider every case, the recommendation for the cross section of the
protective conductor at low voltage is 240 mm2 for the TCG 3016 series gensets and
300 mm2 for the TCG 2020 and TCG 3020 series gensets. In the case of medium-voltage
gensets, a cross section of 95 mm2 can be used for all series. This data only refers to cop-
per conductors; a corresponding calculation is required for other materials.
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Protective equipotential bonding

The protective equipotential bonding serves as protection upon indirect contact. Protec-
tive equipotential bonding ensures that the potential difference between metallic parts al-
ways remains below 50 V. Thus, no dangerous shock currents flow in the event of a fault if
a person comes into contact with the genset. The protective equipotential bonding is
routed between all metallic parts and the main equipotential bonding. The generator is
connected to the genset base frame via two grounding strips.

The engine, coupling protection and other metallic parts are also connected to the frame
via copper conductors. The frame must be routed to the main equipotential bonding at
two diagonally opposite corners each with a copper conductor (min. 70 mm2). Likewise, all
metallic lines (gas, water, etc.) as well as all other metallic parts in the genset room must
be integrated in the equipotential bonding. The cross sections depend on whether a fault
current can issue from the relevant part or not and must be adapted to the conditions on
site.

The local power supply company rules or safety regulations must be observed in order to
ensure that the genset is grounded correctly.

Connections on the generator

3620720523: Connection for protective conductor and protective equipotential bonding on the
generator

1 Connection for the PE 2 Protective equipotential bonding
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6.2.3 Gas engine gensetActuators and sensors on the gas engine

The gas engine is equipped with actuators and sensors for monitoring and control pur-
poses. The actuators and sensors are wired to a multifunction rail at cylinder rows A and
B. Bus cables run from each multifunction rail to the TEM system or TPEM system.

All parts that need to be grounded are connected to the copper rail on the gas engine.
The copper rail must therefore be connected to the switchgear grounding system.

Overview

An overview of the monitoring systems is shown in the following gas engine diagrams.

3808524299: TCG 3016 V12

1 Mixture temperature sensor upstream
of exhaust turbocharger

2 Receiver pressure sensor

3 TPEM Control Unit (TPEM CU) 4 Coolant temperature sensor (mixture
cooling circuit input)

5 Gas-air mixer position proximity
switch

6 TPEM Connection Box

7 Starter relay 8 Starter

9 Knock sensor, one sensor for every
two cylinders

10 Control device - gas-air mixer

11 Stepper motor for gas-air mixer 12 Coolant temperature sensor (high-
temperature output)
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13 Coolant pressure sensor (high-tem-
perature output)

14 Lube oil level sensor

15 Camshaft sensor 16 Coolant temperature sensor (high-
temperature input)

3808525323: TCG 3016 V12

1 Ignition coil, one ignition coil for ev-
ery cylinder

2 Spark plug, one spark plug for every
cylinder

3 Combustion chamber temperature
sensor, one sensor for every cylinder

4 Lube oil pressure sensor

5 Lube oil temperature sensor 6 Flywheel sensor

7 Differential pressure sensor - throttle
valve

8 Control device - Throttle valve/waste-
gate

9 Throttle valve 10 Receiver temperature sensor

11 Starter relay
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3808517131: TCG 2020 V16

1 Multifunction rail cylinder row A 2 Gas-air mixer proximity switch

3 Intake air temperature sensor V16 en-
gine

4 Intake air temperature sensor V12 en-
gine

5 Ignition coil, one ignition coil for ev-
ery cylinder

6 Coolant temperature sensor up-
stream of mixture cooler

7 Knock sensor, one sensor for every
cylinder

8 Combustion chamber temperature
sensor, one sensor for every cylinder

9 Starter 10 Starter relay

11 Crankcase pressure sensor 12 Lube oil level sensor

13 Prelubrication pump 14 Lube oil pressure sensor

15 Camshaft sensor
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3808518155

Engine TCG 2020 V16

1 Actuator 2 Stepper motor for gas-air mixer

3 Ignition coil, one ignition coil for ev-
ery cylinder

4 Exhaust turbocharger speed sensor

5 Exhaust turbocharger temperature
sensor

6 Multifunction rail cylinder row B

7 Coolant temperature sensor (engine
outlet)

8 Mixture temperature sensor

9 Coolant temperature sensor (engine
inlet)

10 Lube oil temperature sensor

11 Lube oil pressure sensor 12 Knock sensor, one sensor for every
cylinder

13 Combustion chamber temperature
sensor, one sensor for every cylinder

14 Flywheel pulse sensor

15 Ignition control device
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3808527883: Engine TCG 3020 V16

1 Exhaust turbocharger temperature
sensor

2 Ignition coil, one ignition coil for ev-
ery cylinder

3 Gas-air mixer proximity switch 4 Stepper motor for gas-air mixer

5 Service indicator - Combustion air fil-
ter

6 Control device

7 Actuator - Throttle valve (cylinder row
A)

8 Mixture pressure sensor (cylinder row
A)

9 Starter 10 Starter relay

11 Knock sensor, one sensor for every
cylinder

12 Spark plug, one spark plug for every
cylinder

13 Combustion chamber temperature
sensor, one sensor for every cylinder

14 Connector - Lube oil level sensor

15 Crankcase pressure sensor 16 Coolant temperature (engine inlet)

17 Camshaft sensor 18 Exhaust wastegate actuator

19 Coolant temperature sensor up-
stream of mixture cooler

20 Coolant pressure sensor (engine out-
let)

21 Coolant temperature sensor (engine
outlet)
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3808528907: Engine TCG 3020 V16

1 Combustion air temperature sensor 2 Coolant pressure sensor (engine out-
let)

3 Coolant temperature (engine outlet) 4 Coolant temperature (engine inlet)

5 Mixture pressure sensor (cylinder row
B)

6 Differential pressure sensor, differen-
tial pressure via throttle valve (cylin-
der row B)

7 Terminal box 8 Lube oil temperature sensor

9 Lube oil pressure sensor 10 Actuator - Throttle valve (cylinder row
B)

11 Control device 12 Flywheel pulse sensor

13 Actuator - Throttle valve (cylinder row
A)

14 Coolant temperature sensor up-
stream of mixture cooler

15 Control device
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3808520715: TCG 2032 V16

1 Actuator 2 Coolant temperature sensor (engine
cooling circuit outlet)

3 Exhaust turbocharger speed sensor,
one sensor for every exhaust tur-
bocharger

4 Mixture temperature sensor, one sen-
sor for each gas-air mixer

5 Multifunction rail cylinder row A 6 Ignition coil, one ignition coil for ev-
ery cylinder

7 Camshaft sensor 8 Crankcase pressure sensor

9 Electric pump for preheating genset
(coolant)

10 Electric preheating device for coolant
and lube oil

11 Electric pump for preheating genset
(lube oil)

12 Lube oil temperature sensor

13 Stepper motor gas-air mixer, one
stepper motor for each gas-air mixer

14 Coolant temperature sensor (engine
cooling circuit inlet)

15 Lube oil level sensor 16 Lube oil pressure sensor (lube oil
pressure upstream of lube oil filter)

17 Coolant temperature sensor (mixture
cooling circuit inlet)

18 Charging mixture pressure sensor A
side, mixture cooler - depending on
version

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Gas engine genset 6

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 101

3808521739: TCG 2032 V16

1 Ignition control device 2 Lube oil pressure sensor (lube oil
pressure after filter)

3 Charging mixture pressure sensor,
one sensor each for A side and B side;
combustion chamber temperature
sensor, one sensor for every cylinder

4 Knock sensor, one sensor for every
cylinder

5 Multifunction rail cylinder row B 6 Ignition coil, one ignition coil for ev-
ery cylinder

7 Exhaust turbocharger speed sensor,
one sensor for every exhaust tur-
bocharger

8 Charging mixture temperature sen-
sor, one sensor each for A side and B
side (V12 engine: between cylinders
A4 and A5 as well as before B6; V16
engine: between cylinders A6 and A7
as well as before B8)

9 Lube oil temperature sensor 10 Solenoid valve for compressed air
starter

11 Start backup for engine turning de-
vice

12 Flywheel sensor - installation location
depending on version
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6.3 Gas engine gensetTransporting the genset

6.3.1 Gas engine gensetOverview

The transport of a genset or container from the factory to its final destination can be di-
vided into the following steps:

1. Loading onto truck by stationary crane or mobile crane.

2. Transport by truck to destination or to harbor for shipping.

3. Reloading in harbor or when changing truck.

4. Unloading at destination by mobile crane or permanently installed crane.

5. Positioning and installation on the foundation.

6.3.2 Gas engine gensetLoading by crane

The loading of gensets in the factory is done using either an indoor crane or a mobile
crane. The gensets are equipped with load support points (bollards) which are arranged
on each side of the genset base frame. In special cases they also have two double-T
members that are arranged below the base frame and equipped with shackles for fixing
the lifting equipment (ropes or chains). The position of load support points is arranged
symmetrically to the center of gravity of the genset. The genset is suspended in a stable
horizontal position during lifting when using four ropes or chains of equal length. One
end of the chains or ropes must be hooked to the crane's hook or to a traverse. The op-
posite ends must be fastened to the load support points of the genset. The fastening
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must be secured against unexpected sudden loading. For this reason, chains and ropes
must only be secured using either clamps (lifting clamps) or textile slings when fastening
them to the transport brackets.

When arranging chains or ropes for lifting a genset, it is important to ensure that the
chains or ropes are only touching the genset at the load support points. This prevents
damage, for example, to genset components due to slanting ropes or chains. Corre-
sponding traverses are used for this (see next illustration). If appropriate traverses are not
used, straddling devices must be attached to the ropes or chains.

4262378379: Lifting a genset

Load support equipment, lifting equipment and load securing devices

Load support equipment, lifting equipment and fastening equipment used for lifting and
transporting heavy loads are subjected to special monitoring and checks during manufac-
turing and operation. In the European Union, the rules according to Classification as per
German Health and Safety at Work Regulations (BetrSichV) and the rules of the Employ-
ers' liability insurance association (DGUV = German Statutory Accident Assurance) must
be observed. Some key points are listed below.

• Only trained persons may use the lifting and transport equipment.

• The permissible load must not be exceeded on any equipment.

The devices should be checked to see that they are in proper working order before they
are used. This means there must not be any signs of damage that affect safety or function
(e.g., breaks, chamfers, cracks, cuts, wear, deformations, damage caused by exposure to
heat or cold, etc.).
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The equipment must not be overloaded by impacts.

There must not be any knots or twists in the ropes and chains. Ropes and chains must not
be routed over sharp edges without the appropriate safeguards; edge protection must al-
ways be used.

Asymmetric loading of the equipment must be avoided.

Ropes and chains must be shortened correctly.

Servicing load support equipment and lifting equipment

Load support equipment and lifting equipment must be checked for visible damage by an
authorized expert. This check must be done at fixed time intervals (at least once a year).
External faults include deformations, wear, corrosion, cracks and fractures.

In the event of impermissible defects, the devices must no longer be used. When carrying
out maintenance on devices, it is forbidden to make any change affecting the function
and the load capacity of the load support equipment.

Service limits for load support equipment and lifting equipment

When exposed to high or low temperatures, the capacity of load support equipment must
be reduced accordingly.

6.3.3 Gas engine gensetTransport on vehicles and ships

When transporting gensets on trucks or on board ships, an appropriate intermediate layer
between the loading platform and the base frame must be provided. Providing anti-slip
mats or blocks made of hard rubber or wood is recommended. In addition, it is necessary
to attach tensioning straps, lashing chains, mounting links and cradles to secure the
genset against slipping or tilting. During transport, the genset must be protected from
the effects of weather using an appropriate transport cover. In the case of sea transport,
seaworthy packaging will be provided.

6.3.4 Gas engine gensetReloading and unloading

Gensets are normally reloaded and unloaded using mobile cranes. As far as the choice of
hoists and the instructions and rules to follow are concerned, the same regulations apply
as described for loading the gensets.

Required information

• Loading by crane [} 102]
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6.3.5 Gas engine gensetStorage of gensets and plant components

Depending on the duration of a project, gensets, switchgears and plant components are
stored temporarily until such a time as they are installed.

The following points should be observed during storage:

• The storage area must be dry and properly ventilated.

• The storage area must be heated if the temperature is likely to fall below the dew
point due to daily or seasonal change.

• The storage area must be frost-proof.

The technical data sheets for the individual components specify storage temperatures
which depend on the materials used in the components. Seals made of elastomers be-
come brittle as a result of frost and are easily destroyed. For switchgear cabinets with
semiconductor electronic circuits, storage temperatures in the range from -10 °C to
+50 °C are indicated.

Especially during transport and also during storage in harbors or at hauler's, it is not al-
ways possible to comply with the conditions described above. We accept no liability for
damages caused by frost or humidity.

Corrosion protection is applied to the inside and outside of the gas engines and lasts for
a period of 24 months. If the engine is stored for longer than the protection allows, an ad-
ditional corrosion protection treatment is necessary. The length of corrosion protection
provided is valid only if the storage conditions described above are complied with.

Generators must be rotated every 6 months, regardless of whether they are individually
stored or installed in a genset.

Plant components such as pumps or ventilators must also be rotated at specific intervals.
Refer to the manufacturer's documentation for specifications.

Plant components which are installed in the open air during operation can also be stored
in the open air. These are, for example, ventilator coolers or exhaust gas mufflers.

6.4 Gas engine gensetAssembling the genset

6.4.1 Gas engine gensetGeneral

The object of these instructions is to ensure that the genset is correctly positioned and in-
stalled in the genset room and to avoid resultant damage arising from incorrect assembly.

Observe the relevant specifications for the installation location and for connecting to aux-
iliary systems, power cables, piping, etc.

Required information

• Buildings and installations [} 279]
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6.4.2 Gas engine gensetAssembly steps

The genset must be moved on site through a suitable opening to the installation site in
the genset room and aligned there. To lift and position the genset, load support points
are attached at the sides of the base frame.

Genset assembly involves a number of steps:

1. Checking the foundation

2. Preparing the utility space in front of the access opening

3. Setting down the genset onto the utility space

4. Moving the genset to the installation site

5. Positioning the genset at the installation site

6. Setting down the genset and removing the transport equipment

7. Lifting the genset and mounting the bearing elements

8. Setting down the genset

9. Checking and connecting the genset

Required information

• Operating manual > Assembly note > Genset installation

– Installing the genset

6.4.3 Gas engine gensetLifting and positioning the genset

The genset may only be lifted at the designated load support points. Suitable load sup-
port equipment, lifting equipment and load securing devices that have been approved for
the task must be used.

Required information

• Loading by crane [} 102]
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6.4.4 Gas engine gensetProtecting the genset

After the genset has been mounted and aligned on its foundation and before piping and
cabling works can begin, the genset must be protected against dust and dirt with a tar-
paulin, for example.

To protect the electronics and the bearings in the engine and generator, welding must
not be carried out on the genset!

Parts attached to the genset, such as transmitters, temperature sensors or attachments
such as pumps, filters, etc. must not be used as “conductors”.

In order to maintain the value of the equipment and its reliability, the following must be
observed:

• Keep the genset room and the switchgear room free from dust. Dust reduces the ser-
vice life of the engine, shortens the lifetime of the generator and impairs the func-
tioning of the control system.

• Condensation and dampness in genset rooms can cause corrosion of both the genset
and the switchgear. High-quality CHPS plant installations require dry, preferably
heated rooms (above 5 °C).

• After the test run at the factory, interior corrosion protection is applied to the engine
as per works standard. Standard preservation lasts for the period of 24 months. If the
genset is to remain at a standstill for an extended period, the insulation resistance of
the generator must be checked before commissioning. In the event of dampness, the
generator must be dried (stationary heating or other suitable means).

• If the genset is set up in a container, the genset must be fully emptied (risk of freez-
ing) and secured against movement for storage or transportation.

6.4.5 Gas engine gensetAnti-vibration mounting

For the anti-vibration mountings of the gensets, steel bellows are used as standard. These
are equipped with a leveling device as standard. Beneath the footplate of the mounting
element is a rubber plate which can be set directly onto the foundation. Ensure that the
foundation surface is free of grease, lube oil, fuel or other contaminants. The foundation
surface should be level ± 2 mm and have a roughness equivalent to standard concrete
foundations. The foundation must not be tiled.

In TCG 3016 series gensets, the gas engine and generator are connected rigidly via a
flange housing. The gas engine and generator unit is mounted on the base frame with
rubber elements. The base frame is installed rigidly on the foundation.

It is not necessary to screw or dowel the spring elements to the foundation. In order to fix
the genset in place on the foundation, the 4 mounting elements on the corners of the
genset can be screwed (doweled) or fixed with steel stoppers when installed in a con-
tainer. The number and arrangement of the bellows are indicated in the genset drawing
relevant to the order. The genset drawing contains a reference to the installation specifi-
cation and alignment specification of the steel springs used. For those regions most at
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risk of earthquakes, there are special requirements for mounting the gensets. For those
installations, the bearings must be doweled to the foundation. A recalculation of this con-
nection must be carried out by a structural engineer.

If a genset is installed in a container, a transportation safety lock must be provided be-
tween the genset's base frame and the foundation plates in the container base for trans-
port. The transportation safety lock prevents movements of the genset on the steel bel-
lows. The transportation safety locks must be removed before commissioning the genset.

6.4.6 Gas engine gensetTorsionally flexible coupling

After aligning the genset on the foundation, the axial runout and radial runout of the cou-
pling must be measured.

Required information

• Operating manual > Assembly note > Genset installation

– Installing the genset

6.5 Gas engine gensetNotes on commissioning
Before commissioning and handover to the client, thoroughly clean the genset.

Please note the following:

• Check the adjustment of the anti-vibration mounting elements.

• Check the alignment of the coupling.

• Check that the expansion joints have been installed as specified.

• No tension on cooling water expansion joints.

• Hoses exhibit prescribed bending radius.

• Specified pre-tension on exhaust expansion joint.

• Cables fitted with strain relief and laid with specified bending radius.

• Air cleaners free from dirt and contamination.
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7 Machine room ventilationMachine room ventilation
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7.1 Machine room ventilationSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

Example: Pressurized ventilation system with circulating air

3620521739: Simplified example illustration

A Supply air B Circulating air

C Outlet air

1 Protective grating and bird screen 2 Supply air filter

3 Sound-proofing baffles 4 Air flaps

5 Circulating air intake 6 Supply air ventilators

7 Circulation flap 8 Smoke and heat sensors

9 Gas sensors
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7.2 Machine room ventilationStructure and function

7.2.1 Machine room ventilationMachine room ventilation

7.2.1.1 Machine room ventilationGeneral

The genset room is heated by convection and radiation from the engines installed therein.
Furthermore, heat is produced by generators, the heat utilization system and the piping
systems.

To avoid impermissibly high temperatures for the machines, components and switchgear,
this heat must be dissipated with the aid of a ventilation system.

Also, for plants operating in areas with extremely low ambient temperatures, it is impor-
tant to ensure that the minimum intake air temperatures specified in the genset data
sheet are complied with. The radiant heat of the components can be used to heat the
genset room. In this case, the building must be leak-tight and must have good heat insu-
lation.

The ventilation system is of particular importance, firstly for the dissipation of the radiant
heat in summer, and secondly for the utilization of the radiant heat for genset room heat-
ing in winter.

NOTE

General note: Intake air temperatures (and minimum temperatures) must comply with the
values specified in the genset data sheets!

Always ensure that the intake air temperature does not fall below the permissible starting
temperature (see Chapter Combustion air requirements [} 189])

The machine room ventilation also serves the purpose of making the volume of air for
combustion required by the genset available. In the case of multi-engine plants, each
genset should have its own adjustable ventilation system.

The kind of ventilation systems feasible for genset rooms can be divided into three types
(see sections below):

• Pressurized system (recommended)

• Extraction system (not recommended)

• Combined system (recommended)
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7.2.1.2 Machine room ventilationPressurized system (recommended)

3709974411: Ventilation systems - Pressurized system

1 Supply air 2 Outlet air

3 Protective grating 4 Filter

5 Sound-proofing baffle 6 Supply air ventilator

7 Supply air louver damper 8 Exhaust air louver damper

Air at ambient temperature is drawn in from the outside by a ventilator. The ambient tem-
perature is then forced through the genset room and returned to the environment via ex-
haust openings. An overpressure prevails inside the genset room.

The use of this system is especially recommended in environments with a high dust con-
tent (desert regions). The overpressure inside the genset room prevents dust from pene-
trating into the room through leaks in the walls of the building or through open doors or
windows. The ventilation systems used must be fitted with suitable filters, e.g., inertial fil-
ters or pocket filters, to filter out the dust. The filtration efficiency to be achieved with the
supply air filters used must correspond to the filtration efficiency of a class G3 filter.

Further information

• Filter [} 121]

7.2.1.3 Machine room ventilationExtraction system (not recommended)

3709979147: Ventilation systems - Extraction system (not recommended)

1 Supply air 2 Outlet air
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3 Protective grating 4 Filter

5 Sound-proofing baffle 6 -

7 Supply air louver damper 8 Exhaust air louver damper

9 Exhaust air ventilator

Outside air is sucked into the genset room via the supply air system (protective grating,
filter, sound-proofing baffle and louver damper). The air flows through the genset room,
is extracted by a ventilator and returned to the environment. Negative pressure prevails
inside the genset room.

The ventilation system is arranged on the suction side in such a way that the negative
pressure created in the genset room is considerably below 1 mbar. Particularly in the case
of gas engine systems that extract combustion air from the genset room, there may be
complications on startup if the negative pressure in the genset room is too high. Mixture
formation is not optimal. If negative pressure on the exhaust turbocharger is too high, the
genset's efficiency may drop below the guarantee value.

Furthermore, the doors of the genset room are not easy to open if the negative pressure
is too high. The genset room doors are generally also escape doors and must open out-
wards.

The plant works like a large vacuum cleaner and unfiltered secondary air enters as a result
of leaks in the genset room walls and genset room windows. This leads to the genset
room becoming contaminated more and more over time. The filtration efficiency achieved
with the supply air filters used must correspond to the filtration efficiency of a class G3 fil-
ter.

For the reasons listed, avoid using an extraction system when planning the ventilation
system.

Further information

• Notes on ventilation system planning and operation [} 119]

• Filter [} 121]
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7.2.1.4 Machine room ventilationCombined system (recommended)

3709996683: Ventilation systems - Combined system (recommended)

1 Supply air 2 Outlet air

3 Protective grating 4 Filter

5 Sound-proofing baffle 6 Supply air ventilator

7 Supply air louver damper 8 Exhaust air louver damper

9 Exhaust air ventilator

The air for machine room ventilation is blown into the machine room by a supply air ven-
tilator and extracted by another ventilator on the exhaust side. By suitably tuning the sup-
ply and exhaust systems, the air pressure in the genset room is approximately equal to
the external ambient pressure.

This system must always be used for plants exhibiting significant pressure losses at both
the supply side and the exhaust side. This is particularly the case where the air for the ma-
chine room ventilation must be drawn in and discharged again over great distances. The
same applies to plants whose components such as protective grating, sound-proofing
baffles, louver dampers and filters exhibit a high loss in pressure.

7.2.2 Machine room ventilationCirculating air temperature control

3710000907: Ventilation systems - System with circulating air temperature control (recommended)

1 Supply air 2 Outlet air

3 Protective grating 4 Filter

5 Sound-proofing baffle 6 Supply air ventilator
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7 Supply air louver damper 8 Exhaust air louver damper

9 Sound-proofing baffle 10 Circulating air duct

11 Circulating air louver damper

To avoid impermissibly low temperatures in the genset room, the room temperature can
be controlled by mixing outlet air in with the supply air.

For all systems, the air flow must be designed in such a way as to ensure that the air flows
through the entire genset room. No short-circuit air flows are permitted from the supply
air opening to the exhaust opening. Sufficient air circulation must occur around the com-
ponents that give off heat. If necessary, air ducts must be installed which provide an air
flow specifically targeted towards the individual components in the genset room.

Recirculation control is generally recommended for plants whose ambient air tempera-
tures are below the minimum permissible intake air temperature.

In order to minimize the radiant heat occurring in the genset room and thus the volume
of air required, mufflers and exhaust lines inside the genset room must be insulated. It is
generally necessary to insulate exhaust systems inside buildings.

In many cases, the combustion air for the engines is drawn from the genset room. This
additional volume of air must be taken into consideration when designing the supply air
ventilators. Depending on the design of the plant, the engine's air cleaners can be located
in areas where the air has already been considerably heated. In such cases, “cold” air must
be conducted to the air cleaners via separate ventilation ducts.

7.2.3 Machine room ventilationVentilation by use of frequency-controlled or electronically commutated ventilators
(EC)

When operating gas engines, the intake air temperature must be kept within a relatively
narrow range. The air temperature must not be less than the minimum air temperature
specified in the data sheet, as the exhaust turbocharger's compressor will otherwise
pump. Engines with an exhaust wastegate permit an additional intake air temperature
range.

The required minimum intake temperatures for the engine in a ventilator designed for
summer conditions and with a fixed speed may not always be maintained in winter. By
adapting the ventilation volumetric flow rate and the use of radiant heat from the engine
and generator, the use of frequency controlled or electronically commutated ventilators
allows the intake air temperature to be kept in the permissible range even at varying am-
bient temperatures using a closed-loop control. Controlling the intake air temperature by
adjusting the ventilation volume flow is only possible up to minimum ambient air temper-
atures that are very close to the minimum permissible intake air temperature. A recircula-
tion system is required for lower ambient air temperatures.
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7.3 Machine room ventilationRequirements and guide values

7.3.1 Machine room ventilationDetermining the air requirement

7.3.1.1 Machine room ventilationCalculation overview

The air requirement to be determined in order to design the ventilation system is com-
posed of the following individual requirements:

• Combustion air requirement of the engine

• Cooling air requirement of the engine and components

• Radiant heat

– Radiant heat of the engine

– Radiant heat of the generator

– Radiant heat of the auxiliaries

– Radiant heat of the heat utilization unit

Once the individual requirements have been determined, the required air quantity can be
determined.

7.3.1.2 Machine room ventilationCombustion air requirement of the engine

If the engine draws the combustion air from inside the genset room, the combustion air
must be supplied via the ventilation system for the genset room and taken into account in
the design. The combustion air temperature is one of the factors which influence the loca-
tion-dependent output achievable by the engine. It is important therefore to ensure that
the air temperature in the intake area neither exceeds nor falls short of the value estab-
lished to determine the location-dependent output.

7.3.1.3 Machine room ventilationCooling air requirement of the engine and components

The radiant heat from the engine and the generator must be discharged via the genset
room ventilation system. Other heat-radiating components are the pumps, separators,
heat exchangers, boilers, etc.

Heat-radiating components that operate only intermittently, such as compressors, are
likely to be neglected in most cases when determining the cooling air requirement.

7.3.1.4 Machine room ventilationDetermining the radiant heat

To determine the air requirement, the radiant heat of the engine and generator must be
determined first.

Machine room ventilationRadiant heat of the engine

The radiant heat of the engine (QM) is specified in the current data sheets.
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Machine room ventilationRadiant heat of the generator

The radiant heat of the generator (QG) is specified in the current data sheets.

Machine room ventilationRadiant heat of the auxiliaries

The radiant heat of the piping, especially from the exhaust lines, exhaust mufflers, mixing
coolers and pump units, can be determined only with considerable effort. Experience
shows that this radiant heat equates to approx. 10 % of the engine's radiated heat.

3714904459: Formula for the radiant heat of the auxiliaries

QH in kW Radiant heat of the auxiliaries

QM in kW Radiant heat of the engine

Machine room ventilationRadiant heat of the heat utilization unit

If components are installed in the genset room to utilize the heat energy, experience indi-
cates that the heat radiated from the cooling water heat exchanger and exhaust heat ex-
changer will be approx. 1.5 % of the respective available heat as per the data sheet.

3714924555: Formula for the radiant heat of the heat utilization unit

QWN in kW Radiant heat of the heat utilization unit

QKW in kW Engine cooling water heat

QAbg in kW Usable engine exhaust heat

Machine room ventilationTotal radiant heat

The total radiant heat QS is the sum of the above-mentioned values:

3714930955: Formula for total radiant heat

Depending on ambient conditions, some of the radiant heat is dissipated via the genset
room walls. This value can be determined only with great difficulty owing to variable cir-
cumstances, such as the ambient temperature or the design of the genset room walls, and
is therefore not taken into account.
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7.3.1.5 Machine room ventilationRequired ventilation air (excluding the combustion air for the engine)

Accordingly, the air requirement is finally calculated as a function of the total radiant heat.
In addition, the permissible air temperature increase in the genset room and the specific
heat capacity of the air are incorporated into the calculation:

3714936715: Formula for the required air mass flow

mLerf in kg/h Required air mass flow for cooling

Qs in kW Total radiant heat

ΔT in K Permissible temperature increase

Cp in kJ/kgK Specific heat capacity of the air

The above equation calculates the required air mass flow. To determine the required vol-
ume flow, the density of the air must be taken into account. The density depends on the
air temperature, air pressure and relative humidity. The required air volume flow is:

3714939403: Formula for the required air volume flow

mLerf in kg/h Required air mass flow

VLerf in m3/h Required air volume flow

ρL in kg/m3 Air density, e.g., 1.172 kg/m³ at 1002 mbar and 25 °C

Air pressure decreases as the geodetic height increases. The following table indicates
pressures and densities depending on temperature and the geodetic height.

The specified values apply to dry air. In humid air, density decreases as relative humidity
increases. At a relative humidity of 60 %, the drop in density can be up to 10 %.

Air pressure and air density at 25 °C as a function of the geodetic height

Geodetic
height

Temperature
25 °C

Geodetic
height

Temperature
25 °C

Geodetic
height

Temperature
25 °C

in m mbar kg/m3 in m mbar kg/m3 in m mbar kg/m3

0 1013 1.184 700 940 1.099 1800 835 0.976

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Machine room ventilation 7

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 119

Air pressure and air density at 25 °C as a function of the geodetic height

100 1002 1.172 800 930 1.087 2000 817 0.955

200 991 1.159 900 920 1.075 2200 800 0.935

300 981 1.147 1000 910 1.064 2400 783 0.915

400 970 1.135 1200 890 1.041 2600 766 0.896

500 960 1.122 1400 871 1.019 2800 750 0.877

600 950 1.110 1600 853 0.997 3000 734 0.858

Table 14: Air pressure and air density depending on the geodetic height

Density can be converted for other temperatures by applying the following equation:

3714942091: Density conversion formula

ρL(25 °C) in kg/m3 Air density at 25 °C

ρL(t) in kg/m3 Air density at temperature t

t in °C Air temperature

In the case of plants which extract air from the genset room, the volume of air for com-
bustion in the engine on the supply side must also be taken into account.

Further information

• Combustion air quantity [} 192]

7.4 Machine room ventilationNotes on ventilation system planning and operation

7.4.1 Machine room ventilationPlanning

After determining the required amounts of ventilated air, the openings and ducts must be
designed so as to maintain the following air speeds.
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Component Air speed in m/s

Supply air opening and
exhaust opening

1.5 to 2.5 or 2.5 to 4

Ventilation duct 10 to 20

Free flows in the
genset room

0.3

Muffler section 6 to 8

Table 15: Components and air speeds

Additional restrictions owing to flow noise must be taken into account.

Air change rate

The number of air changes may also be taken as a characteristic figure for a ventilation
system. It represents the number of air changes per hour, i.e., how often the complete
volume of air in the genset room is exchanged. From experience, the number of air
changes should not exceed 100 for large-scale plants in buildings. In extremely small
genset rooms (e.g., containers) or at high ambient temperatures, the number of air
changes may reach up to 500 per hour.

7.4.2 Machine room ventilationOperation

The operation of the ventilation system may affect the pressure conditions at the com-
bustion air intake of the engine. It may even cause problems when starting the engine or
the engine may not even start. In such cases, before starting the engine, only the supply
air and exhaust air louver dampers must be opened. Particularly during the start phase or
synchronization of the genset, the ventilators must be operated without pressure peaks in
the genset room. This means that the ventilators must run at constant speed during the
start phase.

Position of supply air openings and exhaust openings

The supply air openings must be positioned in such a way that the air drawn in is as clean
and cool as possible. The position for the outlet of exhaust air must be selected so that
the function of other plant components such as cooling systems is not impaired by the
warm exhaust air flow.

7.5 Machine room ventilationVentilation system components

7.5.1 Machine room ventilationMain components

The main components of a genset room ventilation system are the protective grating,
sound-proofing baffles, louver dampers, filters, air ducts and ventilators.
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7.5.2 Machine room ventilationProtective grating

Protective grating is installed on the outside wall of the genset room building on both the
supply side and the exhaust side. It prevents rain and snow from entering the ventilation
system. A bird screen integrated in the protective grating stops small animals from enter-
ing the plant.

7.5.3 Machine room ventilationSound-proofing baffles

Especially when plants are installed in residential areas or areas with restricted noise lev-
els, significant effort may be required in terms of measures to sound-proof the ventilation
system of the plant. In such cases, sound-proofing baffles must be fitted at both the air
supply side and the exhaust air side. The main data for configuring these are the air flow
to be conveyed through the baffles, the required sound reduction index and the available
duct opening. The depth of the baffles, their thickness and distance from each other are
then determined. The sound-proofing baffles must be designed by specialized companies
with an appropriate degree of care. Subsequent improvements are very costly if the re-
quired values are not achieved.

7.5.4 Machine room ventilationLouver dampers

Louver dampers are used to block the ventilation system connection between the genset
room and the external environment when the plant is at a standstill. Louver dampers pre-
vent undercooling of the room in winter. The louver dampers are controlled by the
switchgear and activated by electric drives. In large plants, cooling air can be admitted to
certain areas of the plant by selectively controlling the louver dampers. In winter, the
genset room temperature can be regulated by controlling the louver dampers.

7.5.5 Machine room ventilationFilter

Generally, filters should be installed in the ventilation system. This particularly applies to
plants located on the premises of industrial facilities. The air is heavily contaminated in
these environments, e.g. landfills, coal mines, cement factories, steel mills, etc. Plants lo-
cated in regions where sandstorms occur are also affected. In this case, the appropriate
filter type must be selected according to the degree of contamination. This allows heavy
particles to be separated easily via inertia filters. When lightweight fibers occur, conven-
tional fibrous filters must be fitted, which, in view of the relatively large quantities of air
involved, can reach considerable dimensions. Filters as per DIN EN 779, filter class G3, are
suitable. A correspondingly higher filter class must be selected for special requirements.
Effective filter monitoring must be ensured.
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7.5.6 Machine room ventilationVentilators

The ventilators are designed mostly as axial fans, rarely as radial fans as well. Both must
be suitably dimensioned based on the required air quantity and pressure difference. Con-
trol of the genset room temperature is achieved by changing the amount of air being
blown through the room. The air volume flow can be modified by using variable-speed
ventilators or by switching single ventilators (special function) on and off.

NOTE

When using single ventilators, consider that standing ventilators - particularly axial types -
can be driven in reverse by the differential pressure. This can lead to problems when large
ventilators are used.

When dimensioning the ventilators, the pressure reserve must be correctly selected. It is
important to ensure that the design air volume is actually achieved while taking the in-
stalled components, such as protective grating, sound-proofing baffles, louver dampers,
etc. into account.

7.5.7 Machine room ventilationAir ducts

Depending on the plant's design or the location of the genset room inside a larger build-
ing, e.g., in the basement in the case of emergency power systems, the air to ventilate the
genset room may have to be brought in over longer distances. Air ducts are used to do
this. Pressure losses in these ducts must be considered when designing the ventilators. To
avoid condensation, external air ducts should be insulated.

7.5.8 Machine room ventilationFlow monitors

As part of the explosion protection concept, the use of one or more flow monitors may be
necessary to detect a failure of the ventilation system at an early stage.

Required information

• Explosion protection concept [} 25]

7.5.9 Machine room ventilationSmoke and heat sensors

As part of the fire protection concept, smoke and heat sensors may be required to miti-
gate the risk of fire or limit its spread. The measures required in the event of the sensors
responding are defined in the fire protection concept and must be implemented accord-
ingly.

Required information

• Fire protection concept [} 24]
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7.5.10 Machine room ventilationGas sensor

Gas sensors may be required as part of the explosion protection concept to mitigate the
risk of an ignitable gas mixture occurring. The measures required in the event of the sen-
sors responding are defined in the explosion protection concept and must be imple-
mented accordingly.

Required information

• Explosion protection concept [} 25]

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Machine room ventilation

124
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Engine cooling systems 8

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 125

8 Engine cooling systemsEngine cooling systems
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8.1 Engine cooling systemsSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3620523403: Simplified example illustration

A Engine cooling circuit B Dump cooling circuit

C Mixture cooling circuit D Heating circuit

1 Dump cooling circuit radiator 2 Exhaust heat exchanger

3 Mixture cooling circuit radiator 4 3-way valve

5 Recirculating coolant pump 6 Diaphragm expansion vessel

7 Safety valve 8 Genset connection (depending on
engine type)

9 External heating circuit connection 10 Genset connection (depending on
engine type)

11 Plate heat exchanger 12 Throttle valve

13 Electric preheater 14 Gas and dirt separator

15 Monitoring groupO
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8.2 Engine cooling systemsStructure and function

8.2.1 Engine cooling systemsGeneral

The cooling systems used have coolant as the operating fluid and are closed systems
from the engine side. Genset engines use dual-circuit cooling. The layout must be as
shown in the illustrations below. Deviations require approval in writing. The Technical Bul-
letin TR 2091 “Specification for coolant” must be observed.

8.2.2 Engine cooling systemsDual-circuit cooling

In addition to the engine cooling circuit, the engines also have a mixture cooling circuit at
a lower temperature level. Because the temperature level in the mixture cooling circuit is
comparably low, the heat from that circuit is normally discharged to the environment via
a radiator or cooling tower with a separate circuit.

8.2.3 Engine cooling systemsCooling systems for gas engines

All gas engines of the series TCG 3016, TCG 2020, TCG 3020 and TCG 2032 are equipped
with a two-stage mixture cooler. The HT stage is integrated in the engine cooling circuit,
while the LT stage is integrated in the mixture cooling circuit.

In the TCG 3020 and TCG 2032 series, the lube oil cooler is not mounted on the engine.

In the TCG 3020 series, the lube oil cooler is mounted on the base frame on the front of
the genset and connected to the engine on the oil and coolant side. The lube oil cooler is
always integrated in the engine cooling circuit.

In the TCG 2032 series, the lube oil cooler is installed in the plant separately. In this case,
the lube oil cooler (depending on the design of the overall system) can be installed on the
coolant side in the engine cooling circuit, in the mixture cooling circuit or in the heating
circuit.

The notes on the lube oil cooler must be observed.

Required information

• Lube oil system [} 179]

8.2.4 Engine cooling systemsExamples of the layout of cooling systems for gas engines

A heat exchanger to be provided by the client transfers the heat absorbed by the coolant
for use in a heating circuit or another technical process. If there is no means of heat re-
covery at hand, the heat must be discharged into the atmosphere via a radiator or cooling
tower.

Running the cooling tower liquid straight through the engine is not permissible. A
decoupling heat exchanger or closed cooling tower must be provided.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Engine cooling systems 8

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 129

The inlet temperature of the coolant is generally controlled in the gas engine. Depending
on the design of the plant, the temperature controller may be installed directly in the en-
gine cooling circuit or in the heating circuit. Electrically driven pumps are always used as
coolant pumps. Fine adjustment of the coolant flow is achieved with an adjustable throttle
or using a suitably adapted fixed pump speed.

The expanding volume is accommodated in a diaphragm expansion vessel. The level of
each of the cooling circuits is monitored by a safety valve, a ventilation valve and a low
water safety device. The ventilation valve and the low water safety device must be posi-
tioned at the highest point of the cooling circuit

Like the engine cooling circuit, the mixture cooling circuit is equipped with an electrically
powered circulation pump, diaphragm expansion vessel, monitoring group and tempera-
ture controller. With multi-engine plants, it is not permitted to connect the engine cooling
circuits together, because the definitive closed-loop control of each engine inlet tempera-
ture cannot be guaranteed.
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Example of a cooling system without heat utilization

3621261067: Diagram of a plant without heat utilization

A Fuel gas ASD Exhaust muffler

B Condensate DV Throttle valve
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MRA10 Genset EVH Electric preheater

MRE10 Engine cooling system FU Frequency converter (FC)

MRE30 Mixture cooling system TK Radiator

MRG10 Exhaust system

MRN10 Gas train

Example of a cooling system with heat utilization

3621260171: Diagram of a plant with heat utilization

A Fuel gas ASD Exhaust muffler
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B Condensate AWT Exhaust heat exchanger (EHE)

MRA10 Genset BK Bypass flap

MRE10 Engine cooling system DV Throttle valve

MRE20 Dump cooling system EVH Electric preheater

MRE30 Mixture cooling system FU Frequency converter (FC)

MRF10 Heat utilization KAT Catalytic converter (CAT)

MRG10 Exhaust system KWT Coolant heat exchanger (CHE)

MRN10 Gas train TK Radiator

8.3 Engine cooling systemsNotes on planning, design and operation

8.3.1 Engine cooling systemsMixture cooling circuit

The mixture cooling circuit dissipates the heat from the LT level. Due to this low tempera-
ture level, the heat is dissipated to the environment or used in a low temperature heating
circuit.

Plants with propane as fuel gas

Due to the high knocking tendency during operation with propane, a low inlet tempera-
ture in the mixture cooler on the engine is necessary in accordance with the genset data
sheet. In addition to compliance with the general specifications for the structure of cool-
ing circuits, the following points must be observed when planning the plant:

• Opening time and closing time of the 3-way valve < 65 s (completely open after
completely closed)

• Compactly constructed mixture cooling circuit; short piping must be provided be-
tween the pump, 3-way valve and the genset

• Short piping lengths to the radiators

• In the mixture cooling circuit, the temperature sensor downstream of the radiator
must be installed directly at the output of the radiator (max. distance of 1 m)

• The radiator ventilators in the mixture cooling circuit must be equipped with infinitely
variable speed control. Stage switching is not permissible.

8.3.2 Engine cooling systemsDump cooling circuit

In plants where the dispersal of heat via the heating circuit is not always guaranteed, yet
the electrical power of the genset must still be available, the heat generated by the en-
gine is dissipated via the so-called dump cooling circuit. The arrangement of the dump
cooling circuit depends on the plant design. Depending on the arrangement of the ex-
haust heat exchanger or the lube oil cooler for plants with TCG 2032 gensets, the inte-
grated dump cooling system must ensure safe operation of these components even if
there is no heat discharge via the heating circuit. Normally, the heat is dissipated via a
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dump cooling heat exchanger integrated into the heating circuit and connected to a radi-
ator or a cooling tower (see next illustration). When determining the size of the pump, the
volume flow increased according to the capacity reserve and the associated higher pres-
sure losses must be taken into account.

3622801419: Dump cooling with coupling heat exchanger in the heating circuit

AWT Exhaust heat exchanger (EHE) KWT Coolant heat exchanger (CHE)

NK Dump cooler (DC) TK Radiator

If the heat produced by the engine cooling water, exhaust gas and lube oil (for TCG 2032)
is transferred to the heating circuit by a heat exchanger, the dump cooler can be inte-
grated directly into the engine cooling circuit without an additional coupling heat ex-
changer (see next illustration).
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3622801931: Direct integration of the dump cooling system in the engine circuit

AWT Exhaust heat exchanger (EHE) KWT Coolant heat exchanger (CHE)

TK Radiator

8.3.3 Engine cooling systemsHeating circuit

Overview of heating circuit

For plants with heat recovery, the heat generated by the engine is transferred to the heat-
ing circuit. The main components integrated into the heating circuit on the CHPS side are
the cooling water heat exchanger, the exhaust heat exchanger, the circulation pump, the
throttle valve and the 3-way valve for temperature control.

The heat output from the engine contained in the cooling water and the exhaust gas, and
the associated flow rates and temperature differences have been established for the en-
gines in their respective operation modes. The capacity of the circulation pump in the
heating circuit is determined by the temperature difference between the flow and return
of the heating circuit. When determining the size of the pump, the volume flow increased
according to the capacity reserve and the associated higher pressure loss must be taken
into account (see illustration “P&I diagram for plant with heat utilization”; system lim-
its MRF10 in Examples of the layout of cooling systems for gas engines [} 128]).

The heating circuit should be designed in such a way that, independent of the adjusting
processes and regulating processes, the flow in the section of the heat generating branch
of the heating network is ensured without fluctuation of differential pressure. Hydraulic
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disconnection of the heat-generating and heat-using side of the heating network is
achieved with a hydraulic gate. The function of hydraulic decoupling can be performed by
heat accumulators (see next illustration).

3622802443: Diagram with hydraulic decoupling

A Fuel gas ASD Exhaust muffler

B Condensate AWT Exhaust heat exchanger (EHE)

C Heat storage tank BK Bypass flap

D Boiler DV Throttle valve

E Consumers EVH Electric preheater
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MRA10 Genset FU Frequency converter (FC)

MRE10 Engine cooling system KAT Catalytic converter (CAT)

MRE20 Dump cooling system KWT Coolant heat exchanger (CHE)

MRE30 Mixture cooling system NK Dump cooler (DC)

MRF10 Heat utilization TK Radiator

MRG10 Exhaust system

MRN10 Gas train

Coolant in the heating circuit

The heating circuit is a closed circuit. In this circuit too, a certain water quality must be
maintained. The required water quality is described in TR 2091. Oxygen, chlorides, and hy-
drogen sulfide in particular cause corrosion in the system. Salts in solution are precipi-
tated as crystals at high heat transfer locations, leading to deposits, which have a negative
impact on heat transfer (e.g., boiler scale). At exhaust heat exchangers in particular, there
is a risk of crystalline deposits because of the high water temperatures at the heat transfer
points.

These phenomena can be reduced by adding inhibitors to the heating water operating
medium and by selecting suitable materials for the heat exchangers. This must be investi-
gated for each individual application. If the exhaust heat exchanger is installed in the
heating circuit and if the heating water quality does not comply with the figures as stated
in the Technical Bulletin for coolant, minimum requirements of the water quality of heat-
ing circuits, it is necessary to provide a separate coupling circuit with an additional heat
exchanger between the exhaust heat exchanger and heat consumer. Now the exhaust
heat exchanger is protected against any potential damage through contamination in the
heating water.

Direct integration of engine cooling circuits into the heating circuit

In some applications, e.g., maintaining a high temperature level, a heat exchanger is not
used for decoupling the engine cooling circuit or mixture cooling circuit from the respec-
tive heating circuit. These cases require strict compliance with the following conditions:

• Compliance with the water quality as per Technical Bulletin TR 2091

• The maximum cooling water pressure at the engine and LT mixture cooler outlet
must not exceed the set pressure of the safety valve (see Chapter Fluid pressures
[} 137]).

• The cooling systems must be closed and must have reliable leakage detection.

• Systems with automatic cooling water backfeed are not permissible.

• In the engine cooling circuit, a coolant volume of 3.5 m3 must not be exceeded.
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NOTE

Cooling water leaks at the mixture cooler cause water to enter the combustion chamber
and cause damage to the engine. Therefore if a low water level is detected, the cause
must be determined. Continued operation of the engine is only permissible once a leak at
the engine has been ruled out.

Heating circuit design regulations

The regional regulations for water heating systems and steam boiler systems also apply to
the design of the heating circuit. These may include, for example:

DIN EN 12828 Heating systems in buildings (for max. op-
erating temperatures up to 105 °C). When
planning or designing CHPS plants requir-
ing temperature monitoring/limiting tem-
peratures above 110 °C, we recommend
that you consult the local authority re-
sponsible for certification of the system.
The favored scope of necessary equipment
and the setting of the inspection periods
(German Health and Safety at Work Regu-
lations) can be agreed at that time.

DIN EN 12953 Shell boilers

Table 16: Heating circuit design regulations

Depending on the flow temperature in the heating water circuit (90 °C, 100 °C or 120 °C),
the appropriate sensors must be installed to protect and maintain the safety chain for the
exhaust heat exchanger and to secure the heating circuit. The signals from the sensors are
processed by the TEM system and TPEM system.

An approval has been granted by TÜV for the monitoring systems (transmitters plus pro-
cessing of signals via the TEM/TPEM system), with the result that the individual inspec-
tions to be carried out on each plant by TÜV can be completed quickly.

8.4 Engine cooling systemsRequirements and guide values

8.4.1 Engine cooling systemsFluid pressures

All pressures for fluids are generally indicated in bar overpressure. All heat exchangers,
pumps and radiators are designed as standard for 10 bar; the lube oil heat exchanger of
the TCG 2032 is designed for 16 bar.

Minimum pressure in the engine cooling circuit with 3 bar safety valve

The following information does not apply to the engine cooling circuit of the TCG 2032B
series.
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All gas engines monitor the pressure at the coolant outlet in the engine cooling circuit.
The target operating pressure at the engine outlet is approx. 2.5 bar. The minimum re-
quired operating pressure is 2 bar, or 2.2 bar for the TCG 3020 series.

The information on the permissible pressures at the engine outlet on the genset data
sheet must be observed.

There are two engine-specific limit values in each case for a pressure undershoot at the
engine outlet. The upper limit value of the pressure undercut leads to a warning. The
lower limit value of the pressure undercut leads to a shutdown of the engine.

The diaphragm expansion vessels should be dimensioned in such a way that a static gas
inlet pressure of at least 1.5 bar and a filling pressure of at least 2 bar at the engine outlet
are maintained when the plant is stopped and cold (see Chapter Diaphragm expansion
vessel [} 150]).

Maximum pressure in the engine cooling circuit with 3 bar safety valve

The following information does not apply to the engine cooling circuit of the TCG 2032B
series.

When taking into account a coolant reserve of 10 to 15 % of the coolant content, a filling
pressure of approx. 2 bar is achieved when the system is cold. Under these conditions, the
pressure at the engine outlet reaches the desired value of approx. 2.5 bar during engine
operation. To avoid cavitation in the cooling system, a pressure of approx. 2.5 bar must be
maintained at the engine outlet, particularly in the engine cooling circuit.

The maximum permissible pressure at the engine outlet is 2.5 bar. The safety valve that
must be installed directly downstream of the engine outlet opens at 3 bar.

High coolant pressure reduces the tendency to cavitation in areas of the cooling circuit
where high flow velocities prevail at simultaneously high medium temperatures. It is
therefore advisable to operate the engine at the maximum permissible pressure level.

Minimum pressure in the engine cooling circuit for the TCG 2032B series with 4 bar
safety valve

Gensets of the TCG 2032B series each have pressure monitoring in the engine cooling cir-
cuit at the coolant inlet and at the coolant outlet.

The target operating pressure at the coolant inlet is 5.0 bar to 5.2 bar, while the minimum
required operating pressure at the coolant inlet is 4.5 bar. The minimum required operat-
ing pressure at the engine outlet is 3.1 bar.

There are two limit values each for a pressure undershoot at the coolant inlet and coolant
outlet. The upper limit value of the pressure undercut leads to a warning. The lower limit
value of the pressure undercut leads to a shutdown of the engine.

The diaphragm expansion vessels should be dimensioned in such a way that a static gas
inlet pressure of at least 2.3 bar and a filling pressure of at least 2.8 bar at the engine out-
let are maintained when the plant is stopped and cold (see Chapter Diaphragm expansion
vessel [} 150]).
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Maximum pressure in the engine cooling circuit for the TCG 2032B series with 4 bar
safety valve

When taking into account a coolant supply of 25 liters to 50 liters, a filling pressure of ap-
prox. 2.8 bar is achieved when the system is cold. Under these conditions, the pressure at
the engine outlet reaches the desired value of approx. 3.3 bar during engine operation. To
avoid cavitation in the cooling system, a pressure of approx. 3.3 bar with maximum devia-
tions of +0.1 bar and -0.2 bar must be maintained at the engine outlet, particularly in the
engine cooling circuit.

The maximum permissible pressure at the engine outlet is 3.4 bar. The safety valve that
must be installed directly downstream of the engine outlet opens at 4 bar.

The maximum permissible operating pressure at the coolant inlet of the genset is 5.5 bar.
There is a limit value above which the genset switches off automatically.

To prevent possible premature triggering of the safety valve downstream of the engine,
the pressure at the engine outlet must be limited to approx. 3.4 bar relative while the
coolant pump is running. If this does not produce the desired 5.0 bar of relative inlet
pressure, then this is acceptable. High coolant pressure reduces the tendency to cavita-
tion in areas of the cooling circuit where high flow velocities prevail at simultaneously
high medium temperatures. It is therefore advisable to operate the engine at the maxi-
mum permissible pressure level.

8.4.2 Engine cooling systemsPump location

If there are high pressure losses as a result of external resistance in the engine circuit
(heat exchangers, control valves, etc.), the pump must be installed on the outlet side of
the engine. Otherwise the maximum and minimum pressure limits on the outlet side of
the engine are not maintained.

8.4.3 Engine cooling systemsMax. permissible volume

In the engine cooling circuit, a coolant volume of 3.5 m3 must not be exceeded. When an
exhaust heat exchanger is integrated into the engine cooling circuit, the manufacturer’s
requirements must also be met.

8.4.4 Engine cooling systemsMax. permissible temperature gradient

If the secondary inlet temperatures of the engine cooling circuit, mixture cooling circuit
and dump cooling circuit as well as the inlet temperature of the heating circuit are con-
trolled by the customer, the max. permissible temperature modification speed of 1 K/min
needs to be maintained. In order to maintain stable behavior of the temperature control,
it is necessary to minimize disturbing external influences.
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NOTE

Always provide all coolers and pumps with an adequate reserve.

8.5 Engine cooling systemsCooling water system components

8.5.1 Engine cooling systemsCooling water heat exchanger

A sufficient capacity reserve and area reserve must be taken into account (see next illus-
tration).

The specified engine inlet temperatures and engine outlet temperatures must be ob-
served (see engine data sheet).

The secondary temperatures must be selected so that the coolant heat exchanger has a
logarithmic temperature difference of at least 4 K and the inlet temperature difference/
outlet temperature difference is at least 2 K.

In the case of liquid coolants, plate heat exchangers or pipe radiators are used on the sec-
ondary side. Plate heat exchangers are highly compact in construction and easy to clean.
Their performance can, within certain limits, be varied at a later date by altering the num-
ber of plates.

3621645323: Logarithmic temperature difference

3621645835: Formula for logarithmic temperature difference

A Operating medium 1 B Operating medium 2

In Natural logarithm ΔƟ Logarithmic temperature difference
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Example

An engine coolant heat exchanger in the heating circuit has the following design data:

Engine side: Inlet temperature
ϑ‘1

90 °C

Outlet temperature
ϑ‘‘1

84 °C

Heating circuit side: Inlet temperature
ϑ‘2

70 °C

Outlet temperature
ϑ‘‘2

85 °C

This yields: ΔϑA 90 °C − 85 °C = 5 K

ΔϑE 84 °C − 70 °C = 14 K

ΔϑA−ΔϑE 5 K − 14 K = -9 K

In(ΔϑA∕ΔϑE) In(5 ∕ 14) = -1.0296

ΔƟ -9 K ∕ -1.0296 = 8.74 K

This plate heat exchanger therefore complies with the minimum requirements:

Δφ ≥ 4K, ΔϑA ≥ 2K and ΔϑE ≥ 2K.

Integration of cooling water heat exchangers for dump cooling with raw water

The temperature gradient on the raw water side should not exceed ±1 K/min.

For the actuators, the I/O Controller of the TEM/TPEM system has digital outputs for
± (24 V signal) for opening and closing the valve. In order to achieve a reasonable closed-
loop control, the valve opening time (from limit stop to limit stop) must be approx.
1 minute.

Correct layout

For dump cooling systems with raw water cooling, the control for the primary-side dump
cooler outlet temperature should also be arranged in the primary circuit (see next illustra-
tion). With this design, hot water flow over the mixing cooler will only occur when excess
heat is discharged. The volumetric flow rate on the secondary side must be selected so
that an outlet temperature of approx. 45 °C is not exceeded.
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3621646347: Integration of cooling water heat exchangers for dump cooling with raw water (cor-
rect)

A Engine cooling circuit B Primary side (engine circuit or heat-
ing circuit)

C Secondary side NK Dump cooler (DC)

Incorrect layout

The temperature should never be controlled as shown in the illustration below. In this il-
lustration, hot water is constantly flowing through the dump cooler plate heat exchanger.
Depending on the rate of flow, this can cause the raw water on the secondary side to
reach the hot water temperature. The plate heat exchanger becomes calcified over time.

3621646859: Integration of cooling water heat exchangers for dump cooling with raw water (incor-
rect)

A Engine cooling circuit B Primary side (engine circuit or heat-
ing circuit)

C Secondary side NK Dump cooler (DC)
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8.5.2 Engine cooling systemsExhaust heat exchanger

Exhaust heat exchangers are used to absorb exhaust gas heat and direct it to heat utiliza-
tion. In doing so, the exhaust gas cools depending on the discharged heat.

When setting the exhaust gas cooling temperature, the amount of H2S and sulfur must be
taken into account in the fuel gas. This prevents acidic condensate that can damage the
exhaust heat exchanger.

• Required information: General planning notes [} 197]

Recommended exhaust gas cooling temperatures

Natural gas ≥ 120 °C

Sewage gas ≥ 150 °C

Landfill gas and NAWARO gas ≥ 180 °C

Table 17: Recommended exhaust gas cooling temperatures

To ensure adequate cooling of the exhaust heat exchanger, the minimum volume flow
and minimum pressure specifications specified by the manufacturer must be observed.
After switching off the genset, it is necessary to keep the pump running for a while in or-
der to discharge the accumulated heat from the exhaust heat exchanger to the water. This
function is provided in the TEM/TPEM system.

The capacity reserve and area reserve must be taken into account as shown in table Lay-
out of components - Reserves [} 148].

Operation

• The exhaust temperature downstream of the exhaust heat exchanger for natural gas-
powered engines is normally 120 °C. When using a low temperature exhaust heat ex-
changer, exhaust recooling temperatures < 100 °C can be achieved.

• The exhaust temperature downstream of the exhaust heat exchanger for bio, sewage
and landfill gases and other special gases should not be lower than 180 °C

• To prevent corrosion damage, it is important to ensure that the exhaust system does
not undercut the dew point in order to safely prevent the condensation of acids and
water during operation

• Generally, in all plants where the exhaust heat exchangers are mounted higher than
the engine, a sufficiently large and continuous condensate drain valve must be in-
stalled. In addition to the condensate drain valve, this prevents water from reaching
the engine via the exhaust line in the case of a water breakthrough in the exhaust
heat exchanger

• Hydrogen sulfide in the fuel gas can damage and destroy the exhaust heat ex-
changer. These notes must be observed and the limit values must be complied with

– Required information: Sulfur oxide in the exhaust gas [} 207]
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• The water qualities with respect to the heating requirements must be complied with
(see TR 2091 “Technical Bulletin for coolant”)

• In large heating circuits, complying with the minimum requirements for the water
quality may pose a problem. In this case, the installation of a small closed decoupling
circuit between the exhaust heat exchanger and the heating circuit is urgently recom-
mended

• For increased chloride ion content and increased flow temperatures in the heating
circuit, the stainless steel pipes usually used in the exhaust heat exchangers are sub-
ject to stress corrosion cracking, which can lead to the exhaust heat exchanger being
damaged. Therefore, providing there are no contrary requirements on the exhaust
side, an exhaust heat exchanger with water-bearing components (pipes, pipe plate
and casing) made of normal steel should be provided for directly integrating the ex-
haust heat exchanger into the heating circuit and for water temperatures > 110 °C

– Required information: Heating circuit [} 134] and, in particular, the information
provided under “Coolant in the heating circuit“

• The exhaust heat exchangers expand at operating temperature. Floating bearings
and expansion joints must be provided accordingly

• The manufacturer's specifications on the minimum and maximum volume flows and
pressures must be observed. Particularly in the case of heating circuits with low pres-
sures, e.g. due to the integration of a pressureless heat accumulator, impermissibly
low pressures may occur depending on the position of the exhaust heat exchanger.
Especially in the case of low temperature exhaust heat exchangers that are integrated
in the heating circuit upstream of the return temperature increase, it must be ensured
that the minimum volume flow is maintained.

Additional planning notes

The exhaust heat exchangers are usually made of stainless steel (1.4571 or equivalent).

In the case of plants which are operated with sewage gas, landfill gas or other special
gases, the increased content of sulfuric acid, hydrochloric acid and hydrofluoric acid in the
exhaust gas shall be kept in mind when selecting materials. These acids have a highly cor-
rosive effect and can even damage stainless steel exhaust heat exchangers. If there is a
risk of increased concentration of chlorine and other halogenated substances in the fuel
gas, there is a risk of local pitting and stress corrosion. Therefore thick-walled material
made of low alloyed boiler steel should be used here instead of thin-walled stainless steel.
This steel is less sensitive to this type of corrosion.

8.5.3 Engine cooling systemsCooling systems

8.5.3.1 Engine cooling systemsGeneral

Each cooling system must be capable of discharging the generated heat even at maxi-
mum ambient temperatures.
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Where air is the secondary side coolant, ventilator coolers and cooling towers are used.
Up to a certain size, ventilator coolers can be implemented as front coolers (vertically ar-
ranged cooling network); larger plants take the form of radiators.

The occasionally high noise level of the fans must be taken into account when installing
plants in residential areas. Either slow-moving fans can be used here, or special sound-
proofing measures will be needed.

8.5.3.2 Engine cooling systemsRadiator

The capacity reserve and area reserve must be taken into account (see Table Layout of
components - Reserves [} 148]). Where there is a risk of contamination resulting from the
environment (e.g., leaves, pollen, sand, carbon dust), an appropriate fin spacing must be
selected. An enlarged space between the fins prevents the cooler from becoming clogged
too fast. Contamination causes the heat transfer to deteriorate and the heat cannot be
dissipated anymore. In the case of air coolers, because of the risk of freezing, antifreeze
must be added to the cooling water.

If the radiator is set up higher than 15 meters above the engine, it is necessary to install a
coupling heat exchanger between the engine and radiator. This ensures that the maxi-
mum permissible operating pressures in the engine are not exceeded (see Chapter Fluid
pressures [} 137]). Negative pressure in the coolant at the radiator is also avoided.

Radiator control

The power of radiators is influenced both by the ambient temperature and the number of
running fans or the fans' speed. For the closed-loop control of the radiator power via the
number of operating fans, we talk about step control. For the closed-loop control of the
radiator power via the speed of the fans via FC closed-loop control or EC closed-loop
control. The FC closed-loop control and EC closed-loop control offer the advantage of
continuous adaptation of the cooler power to thermal power which should be discharged.

For the different engine types, the radiator control in the single cooling circuits must be
implemented as per Table Layout of components - Reserves [} 148].

For the discharge of the heat in the mixture cooling circuit and/or engine cooling circuit
or dump cooling circuit via a radiator, the following assignment must be ensured for the
gas engines.

Radiator control

Cooler MCC Cooler ECC Cooler DCC

TCG 2032 FC/EC controlled FC/EC controlled FC/EC controlled

TCG 2020 FC/EC controlled FC/EC controlled FC/EC controlled
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Radiator control

TCG 3020 FC/EC controlled FC/EC controlled FC/EC controlled

TCG 3016 FC/EC controlled ≥ 6 levels ≥ 6 levels

EC = electronically commutated; FC = frequency converter; MCC = mixture cooling cir-
cuit; ECC = engine cooling circuit; DCC = dump cooling circuit

Table 18: Radiator control

In summary, the heat in the mixture cooling circuit must be discharged via frequency con-
trolled radiators for all gas engine types. For the TCG 3016 engines, the engine cooling
circuit (ECC) and the dump cooling circuit (DCC) can be equipped with an at least 6-step
mixing cooler (6 fans). Fewer levels is not permissible. Alternatively, the FC or EC con-
trolled variant is recommended. With extremely low ambient temperatures, i.e., regularly
low temperatures below -15 °C, all cooling circuits must be FC- or EC-controlled. By this
requirement, the boundary conditions for proper operation of the gas engines are kept
for a wide range of altering ambient conditions.

Sandwich radiator (only for pure power generation plants)

A special design of radiator is a dual core radiator. With this radiator type, there are two
cooling stages arranged one upon the other and the air supply is provided by common
fans. The first stage is the LT stage (LT = low temperature), the second stage the HT stage
(HT = high temperature). Normally, the heat from the mixture cooling circuit is discharged
in the LT stage and the heat from the engine coolant in the HT stage. Use of this type of
cooler is only permissible for pure power generation plants. The load on the HT and LT
stages in the radiator is appropriately uniform only in pure power modules. For plants
with heat utilization, normally the HT-cooling stage of a dual core radiator is used for
dump cooling purposes. With heat utilization (no or minimal heat discharge via dump
cooler), the speed of the fans is defined by the heat to be discharged from the mixture
cooling circuit in the LT circuit. For this mode of operation, the dump cooler (HT stage of
the dual core radiator) might be ineffectively oversized in case of a partial load on the
dump cooling power and, as a consequence, the coolant temperature control might be-
come unstable. Therefore the use of dual core radiators is not agreed for plants with heat
utilization.

Installation and layout of radiators

When installing the radiators, make sure that the installation height above the ground is
sufficient to allow a proper air flow. The free inflow area for the air supply must corre-
spond at least to the floor space of the radiator. Where several coolers are installed,
short-circuiting of air flows must be prevented. Radiators should therefore be installed ei-
ther flush next to each other or with sufficient space between them. When doing so, erect
the radiators so that the required inflow area for the air supply is ensured at the free
sides.
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3622799371: Installation of radiators

3622799883: Installation of radiators

1 A1 + A2 > A 2 Supply flow areas of cooling air A1
and A2 (not visible) for this radiator

3 Floor space of a single radiator 4 Floor space of all radiators

5 A1 + A2 + A3 + A4 > A 6 Supply flow areas of cooling air A1,
A2 and A3 (not visible) and A4 (not
visible)
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8.5.3.3 Engine cooling systemsCooling towers

Cooling towers exploit the evaporation cooling effect and are used in both closed and
open forms. With an open cooling tower, part of the circulating cooling water (approx.
3 %) evaporates. The evaporated water volume must always be replenished. In addition, a
blow-down device must be provided. This prevents an undue increase in concentration of
dissolved salts in the supplementation water in the cooling tower.

All the engine cooling circuits use treated water with corrosion-protection and/or frost
protection. These cooling circuits may only be connected to an open cooling tower via a
decoupling heat exchanger.

In open cooling towers, it is necessary to clean the plate heat exchanger more often be-
cause algae form in the cooling tower water. Algae are deposited on the plates of the
heat exchanger. The thicker the layer of algae in the plate heat exchanger, the worse the
heat transfer. No more heat is dissipated in the circuits to be cooled.

In the case of closed cooling towers, the cooling water tubes are sprayed with water. The
water evaporates and the medium in the tube is thereby cooled. Since there is no loss of
water in the cooling circuit itself, closed cooling towers can be linked directly to the en-
gine cooling circuit. The most important design parameters for economical cooling tower
operation are the air temperature and, above all, the humidity.

8.5.4 Engine cooling systemsLayout of components - Reserves

In the case of the layout of components for the cooling system, the reserves must be ob-
served. The amounts of heat given in the data sheets are rated values, which do not con-
sider tolerance for possible increased fuel consumption. The reserves for capacity and
area to be considered in the design are set out in the following table.

Reserves for capacity and area

Component Capacity reserve [%] Area reserve [%]

Heat exchanger water/wa-
ter

15 5

Heat exchanger water/oil 15 5

Mixing cooler ventilator 15 5

Exhaust heat exchanger 7 10 for natural gas

0 for biogas, sewage gas
and landfill gas etc.

Table 19: Components and reserves for capacity and area
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Example: In the data sheet for the TCG 2020 V20, a coolant heat of 1000 kW is specified.
Result: The coolant heat exchanger must be designed for 1150 kW in power with an area
reserve of 5 %.

8.5.5 Engine cooling systemsChillers

Chillers should not be directly integrated into the engine cooling circuit. In case of leak-
ages, LiBr, for example, could flow into the engine cooling circuit. This is prevented by a
coupling heat exchanger in the engine cooling circuit. There are cases in which the re-
quired water-temperature level of the chiller can only be achieved via a direct integration
in the coolant circuit of the engine. In this case, the following conditions must be met:

The requirements with respect to the quality of the coolant in the engine, corrosion pro-
tection or frost protection have to be met.

The coolant additives that are approved by the manufacturer of the engines need to be
approved for the chiller as well.

In case of leakages in the heat exchanger of the chiller, both the cooling system and the
engine are damaged. The manufacturer of the engine accepts no liability for this damage.

8.5.6 Engine cooling systemsCoolant pumps

A fixed volume flow must be observed over the entire load range in the engine coolant
circuit and in the mixture circuit (ECC and MCC) for all series. Therefore coolant pumps
driven by electric motors with fixed speeds corresponding to the mains frequency are
generally used. If pumps with frequency-controllable electric motors are used, these must
be set to a fixed speed corresponding to the plant operating point.

In the case of plants with heat recovery from the coolant, to achieve the maximum effi-
ciency and component service life, the engine inlet temperature and engine outlet tem-
perature must be exactly maintained. In order to more accurately and individually match
the required pump capacity and the discharge heads needed for each plant, electric
pumps selected with regard to the operating point are used for these plants. When de-
signing heat exchangers and radiators, the specified capacity reserves must be taken into
account.

• Required information: Layout of components - Reserves [} 148]

This increased heat output must be taken into consideration with increased volume flow,
while maintaining the design temperature. When determining the size of the pump, the
increased volume flow according to the capacity reserve and the associated higher pres-
sure losses must be taken into account. In order to attain the desired design temperature
spread, the speed must be fixed for the design point in the case of pumps with fre-
quency-controllable drive motors. In the case of pumps with non-controllable drive mo-
tors, the coolant volume is set precisely via a throttle valve.
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Electric pumps with fixed speeds are also generally used in heating circuits with a return
temperature increase via a 3-way valve. Special requirements in the heating circuit, e.g.,
maintaining a constant flow temperature in the part-load range of the genset, are occa-
sionally shown with only a variable volume flow in the heating circuit. In these cases,
pumps with frequency-controlled electric motors are used. If exhaust heat exchangers are
installed in these heating circuits, it must be ensured that the volume flow at no point
during operation falls below the minimum stated for the exhaust heat exchanger. Other-
wise the exhaust heat exchanger might overheat and become damaged.

Block pumps are generally used in inline design with standard engines. The conveying
chamber is sealed by an uncooled mechanical seal. The pumps must not be operated
when dry, since the floating seal is damaged in the case of dry running. Attention must
also be paid when filling the cooling systems that they are filled with preconditioned
coolant. Pure antifreeze can also damage the floating seal. The permissible minimum inlet
pressure on the pump suction side must be maintained to avoid cavitation.

8.5.7 Engine cooling systemsDiaphragm expansion vessel

To compensate the expansion in volume as the coolant heats up, diaphragm expansion
vessels are provided in the cooling system. The expansion in volume as the coolant heats
up is compensated for by compressing a gas bubble. The resulting static increase in pres-
sure in the system is dependent on the size of the expansion vessel selected. Expansion
vessels must be connected on the inlet side of the pump. Where a diaphragm expansion
vessel is used, the coolant circuit must be protected against overpressure by a safety
valve. Safety valves with 3.0 bar set pressure are used in the engine cooling circuit and
mixture cooling circuit, while safety valves with 4.0 bar set pressure are used in TCG 2032B
series engines.

The installation location must be as close as possible to the engine coolant outlet. There
must be no shut-off devices between the genset and safety valve. It is recommended that
the length of the supply line to the MAG should not exceed 2 m. When designing the ex-
pansion vessel, the static pressure, the flow pressure loss between the safety valve and
the expansion vessel and the coolant supply must be considered. The coolant supply in
the engine cooling circuit and mixture cooling circuit should equate to 10 to 15 % of the
coolant content, subject to a minimum of 20 liters. The resulting mixing temperature in
the diaphragm expansion vessel during plant operation must not exceed 65 °C. This elimi-
nates the need for a ballast vessel.

The following illustrations clearly show the pressure conditions in the diaphragm expan-
sion vessel. The conditions in the cooling circuit before filling, after filling and during op-
eration are shown here.

Before filling the cooling circuit

The diaphragm expansion vessel is filled with nitrogen at a gas inlet pressure p0 of 1.5 bar.

The rubber membrane lies against the wall.
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3622802955: Before filling the cooling circuit

1 Coolant pump 2 Diaphragm expansion vessel

3 Gas engine 4 Safety valve

Filling the cooling circuit

When filling the cooling circuit, the pressure on the coolant side exceeds the gas pressure
in the gas bubble.

Coolant flows into the diaphragm expansion vessel and the pressure increases to the fill-
ing pressure pF.

The diaphragm expansion vessel is sized so that a coolant reserve in the range of 10 % to
15 % of the coolant content is present in the diaphragm expansion vessel when the plant
is cold. The filling pressure pF is approx. 2 bar.
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3622803467: Filling the cooling circuit

5 Coolant supply when system is cold

Engine operation conditions

Under operation conditions, the coolant heats up and expands.

The expansion volume leads to a further pressure increase in the diaphragm expansion
vessel. A final pressure pE of approx. 2.5 bar is achieved.

3622803979: Engine operation conditions

6 Coolant supply when system is at op-
erating temperature
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Pump at the engine inlet

When installing the coolant pump at the gas engine inlet, the diaphragm expansion vessel
must also be installed at the engine inlet upstream of the coolant pump. However, the
pressure at the engine outlet reached during operation must still be approx. 2.5 bar. In
this case, when designing the diaphragm expansion vessel, the pressure loss across the
components located between the engine outlet and the diaphragm expansion vessel
must be taken into account. In the illustration, for example, this is a coolant heat ex-
changer. In this case, the final pressure in the diaphragm expansion vessel must be lower.

When the diaphragm expansion vessel is arranged at the engine inlet, this leads to a
larger diaphragm expansion vessel, since a smaller pressure difference can be used to
compensate for the expansion volume.

3622804491: Pump at the engine inlet

7 Coolant heat exchanger 8 Ventilation valve

8.5.8 Engine cooling systemsTemperature controller

The temperature controllers are electronic controllers with electric actuating drives. Elec-
tronic temperature controllers can keep the set temperature to a constant setpoint. The
controlled variable may be located in an external circuit. Precise temperature control is
needed, especially in the case of plants with heat recovery and where, at the same time,
high overall efficiency is called for. The nominal sizes of the temperature control valves
must be determined so that the pressure loss via the valve is within the 0.2 to 0.5 bar
range in straight flow (bypass closed) at the respective nominal flow rate.
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8.5.9 Engine cooling systemsCoolant monitoring group

There are three functions integrated into the coolant monitoring group: security against
overpressure, venting the cooling circuit and coolant level monitoring. The coolant moni-
toring group must be installed immediately downstream of the engine, as this contains
the protection against overpressure. If there is a point in the system that is higher than
the engine outlet, the vent and coolant level monitor must be installed at that point. For
TCG 3016 series engines, venting lines must be fed to the monitoring group. In addition,
it is also necessary to monitor the flow of coolant through the engine via differential pres-
sure.

8.5.10 Engine cooling systemsCoolant preheating

Gas engine gensets must, as a matter of principle, be equipped with a coolant preheating
system to ensure reliable engine starting. For the TCG 2032 series, complete preheating
gensets with a pump, heat exchanger with heating elements and electrical control are
used as a preheating system for the engine coolant and oil. For the TCG 3016, TCG 2020
and TCG 3020 series. an electric preheating system has been developed which is installed
in the coolant line upstream of the engine. The electrically powered coolant pump is used
as the circulation pump. It is controlled via the TEM/TPEM system.

Coolant preheating for gensets in flexible operation

As previously mentioned, adjustments to the coolant preheating and prelubrication sys-
tems are required in order to guarantee the readiness of the gas engine gensets for the
provision of control energy (see Chapter Provision of control energy [} 52]).

Quickly starting up and subsequently transferring loads require that the gensets and/or
the complete engine cooling system are constantly preheated to temperatures above
60 °C. If warm coolant is available from one external heating system, it can be used to
keep the gensets warm. In the case of CHPS gensets, the coolant heat exchanger is used
as the heat exchanger, with the coolant circulation being handled by highly efficient
glandless pumps. In this case, the conventional electrical preheating system with a con-
nection for the engine coolant pump has only a back-up function. In flow modules, an ad-
ditional small heat exchanger is integrated into the system for transferring heat. This mini-
mizes the consumption of electrical energy for preheating during the phases when the
gas engine gensets are at a standstill. The following illustrations show the basic layout of
a "Flex preheating" system. Control of the preheating is implemented in the auxiliary cabi-
net (HAS).
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3622800395: Flex preheating of flow module

- - 2 Engine circuit pump

3 Electric preheater 4 Engine circuit circulation pump

5 Preheating circuit circulation pump 6 Solenoid valve

TK Radiator

8.5.11 Engine cooling systemsGas and dirt separator

A device for the combined gas and dirt separation must be provided in the engine cool-
ing circuit. This device also removes the smallest gas bubbles and dirt from the system.
This leads to improved coolant quality. Corrosion, cavitation and erosion are considerably
reduced. Devices with a radially arranged mains are not recommended. In this case, the
mains is loaded with dirt during operation, which impedes device function.

The preferable installation position of the device is on the engine outlet on the inlet side
of the coolant pump.

The following planning notes apply for the gas and dirt separators used by CES.

Assembly

Installation must take place at the point with the lowest system pressure, e.g., in the flow
direction as the first component before the coolant pump, as the maximum possible gas
separation can take place there.
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The separator must not be installed between the engine and the safety valve, as the safe-
guarding of the engine would no longer be sufficient.

The length of the straight horizontal piping upstream of the inlet flange of the separator
must be 3 × DN, but at least 30 cm. Only in this way can a flow with low turbulence be
set, which can provide good separation results.

Operation

The separator vents the cooling circuit automatically during operation.

Dirt can be released without interrupting plant operation.

In order to be able to separate gas and dirt effectively, a velocity of 3 m/s at the inlet to
the separator must not be exceeded.

Maintenance

Ensure the provision of sufficient space for maintenance work. The operating elements
must be easily accessible.

There must be at least 10 cm of free space above and below the separator for the possi-
ble replacement of attachments.

8.5.12 Engine cooling systemsPiping

The piping for the coolant systems must always be made of seamless steel pipe. Galva-
nized steel or copper pipes are not permissible.

• Required information: Piping [} 332]

When determining the size of the pipes, the following guide values must be ob-
served:

Flow speed, plant-side pipework: < 3.5 m/s.

The efficient speed for fluids in pipes from DN 50 to DN 300 is within the range of 2 m/s.

For the design volume flow, the flow pressure loss in the cooling circuit must be lower
than the discharge head of the pump being used.

Piping should be kept short and laid without tension. All components must be firmly fixed
in place and, if necessary, vibration-decoupled. Sharp pipe elbows and reducers must be
avoided. The materials used for seals, rubber sleeves, and hose lines must be resistant to
corrosion protection agents, antifreeze, and the external effects of lube oil.

8.6 Engine cooling systemsQuality of the coolant
For liquid cooled engines, the coolant must be treated and monitored, as otherwise dam-
age may arise due to corrosion, cavitation, or freezing. O
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The Technical Bulletin for coolant TR 2091 contains comprehensive details on water qual-
ity, corrosion protection agents, and antifreeze. There is also a list of approved coolant
additives from reputable manufacturers. No substances may be used other than those
which are approved.

Over long running times of gas engines, water loss occurs especially in the engine circuit
due to outgassing. In order to maintain the pressure conditions favorable for operation,
the coolant must be refilled. Only a coolant with the correct specification may be used for
this purpose.

8.7 Engine cooling systemsVenting of the cooling systems
The cooling system must be constantly vented.

In plants with diaphragm expansion vessels, the system is vented via the ventilation valve
integrated into the monitoring group or installed in the piping. The line routing must be
designed in such a way as to avoid air becoming trapped in the system. Vents must be
provided at the top points. Automatic venting at the engine outlet is recommended, par-
ticularly for a constantly vented engine cooling circuit. For safe operation of the cooling
system without any pressure surges, it is necessary that the system is ventilated properly
and that any gas in the cooling circuit is automatically released from the cooling circuit.
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9 Fuel gas systemFuel gas system
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9.1 Fuel gas systemSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3620523915: Simplified example illustration

1 Quick closing valve (QCV) 2 Pre-pressure gas train

3 Blow-out opening with gas blowout 4 Zero pressure gas train

5 Line to the combustion engine

9.2 Fuel gas systemStructure and function
The engines operated by combustible gases work as 4-stroke engines following the Otto
cycle. The fuel gas-air mixture is fed to the combustion chamber. Combustion is initiated
by external ignition via a spark plug.

The pressure of the supplied fuel gas must correspond to the air pressure. The pressure is
regulated by a gas train. If required, a pre-pressure gas train is installed upstream of the
gas train. The interface to the gas network is a shut-off valve.
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9.3 Fuel gas systemFuel gases

9.3.1 Fuel gas systemGeneral

When using a common fuel gas in gas engines, fewer pollutants and ash are generated as
compared to fluid fuels. A requirement for this is that the fuel gas corresponds to the re-
quirements of the genset manufacturer. Special safety regulations apply due to the dan-
ger of explosion.

The principal constituents of these common fuel gases are hydrocarbons (methane, eth-
ane, butane and propane) as well as nitrogen and carbon dioxide. When burning, the gas-
air mixture reacts and produces exhaust gas, which contains harmful components.

The minimum fuel gas characteristics must be maintained according to the data given in
the Technical Bulletin for fuel gas (TR 3017).

9.3.2 Fuel gas systemFuel gas type overview

Natural gas

Natural gas is a combustible gas with a high net calorific value found in underground de-
posits. Natural gases consist mainly of methane but differ in their further chemical com-
position depending on the place of discovery.

LNG

LNG is liquefied natural gas. Liquefaction occurs through compression and cooling.

Propane

Propane has a clearly higher net calorific value than natural gas and is present in liquid
form already at low pressures. Fluid propane must be vaporized for use in a gas engine.
This must not lead to a higher concentration of the single components.

• Required information: Mixture cooling circuit [} 132]

Lean gases

Sewage gas, landfill gas and biogas are also used as fuel gases. Sewage gas, landfill gas
and biogas are also known as lean gases because of their low heat value compared to
natural gas.

Natural gas-hydrogen mixture with up to 25 vol. % hydrogen

A mixture of natural gas and hydrogen with up to 25 vol. % hydrogen can also be used as
the fuel gas. Among other things, special requirements for the equipment of the gas train
must be observed here. With regard to explosion pressure and explosion group, the natu-
ral gas-hydrogen mixture with up to 25 vol. % hydrogen is classified as pure natural gas.
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Special gases

Operating engines with special gases such as associated petroleum gas, mine gas, syngas,
etc. is subject to approval by the genset manufacturer.

9.3.3 Fuel gas systemMethane number

An important characteristic determining the use of a gas in a gas engine is its knock resis-
tance. This means that the gas mixture must not self-ignite before ignition, nor must any
self-ignition effect cause it to explode suddenly after ignition.

Its methane number gives the knock resistance of a gas. The methane number indicates
when a fuel gas in a test engine shows the same knock characteristics as a comparable
mixture of methane and hydrogen. To ensure knock-resistant operation with different
gases to be used, the methane number must comply with the data sheets. The methane
number for a fuel gas can be determined by means of a gas analysis. A job card describes
the procedure on how to take gas samples. This job card is included in each operating
manual.

9.3.4 Fuel gas systemAccompanying gases and materials

Sewage gases and biogases are primarily accompanied by a proportion of hydrogen sul-
fide. Landfill gases are mainly contaminated with chlorinated hydrocarbons and fluori-
nated hydrocarbons. As a result, during combustion, sulfuric, hydrochloric and fluoric
acids are produced in the fuel gases. These acids damage the motor, the service life of the
oil and the entire exhaust system. In order to avoid damages to the external exhaust sys-
tem because of acid temperatures falling below dew point, the exhaust gas temperatures
should not fall below 180 °C. When cooling below 180 °C, the fuel gas must be treated
accordingly (e.g., desulfurization).

Additionally, landfill gases are often contaminated with gaseous siloxanes. During the
combustion in the gas engine, siloxanes become silicon dioxide and form deposits. These
deposits cause premature wear in the motor, pistons and cylinder liners. Gas treatment is
necessary in this case. The minimum fuel gas characteristics are outlined in the Technical
Bulletin for fuel gas. This data applies only to the use of gases in gas engines. If plants are
to be equipped with catalytic converters in the exhaust system, in addition to the mini-
mum characteristics specified for the engine, further restrictions must be taken into ac-
count depending on the catalytic procedure selected. In general, a gas treatment has to
be planned.

The gases to be used must be carefully tested for pollutants and assessed on the basis of
the respective limits.
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9.3.5 Fuel gas systemWater vapor, hydrocarbons and dust in the gas

In all operating conditions that occur, even when the engine is started cold, spontaneous
condensation in the engine must be ruled out, so the water vapor content in the engine
must be limited. Vaporized higher hydrocarbons lead to a reduction in the methane num-
ber. When these vapors condense in the intake tract, the result is heterogeneous droplet
combustion. There is a risk of knocking combustion. Also, it is no longer possible to com-
ply with the exhaust emissions purification regulations. To avoid spontaneous condensa-
tion, it is important to ensure that in the entire fuel gas system the relative humidity of all
substances in the fuel gas, at the highest pressure and lowest temperature, is below 80 %
and that undercutting the dew point can be ruled out. Higher humidity limit values for
water must be approved. The required gas temperature in accordance with TR 3017 must
be maintained. Some gases, for example liquefied gases, associated petroleum gas, etc.,
according to TR 3017, require a higher gas temperature to be maintained throughout the
pipe run after evaporation, for example by means of trace heating.

In gas supply systems in which condensate may occur despite compliance with the limit
values according to TR 3017, this condensate must be removed by suitable measures,
such as condensate shafts at the low point of the gas line.

The maximum dust content (concentration specifications and grain sizes) in the fuel gas
must be maintained in accordance with TR 3017. Higher dust contents of this grain size
lead both to the possibility of deposits in the combustion chamber and to increased con-
tamination of the lube oil, which causes increased wear.

9.3.6 Fuel gas systemCH₄ measurement

For fuel gases whose methane content can fluctuate during engine operation, e.g.: mine
gas, biogas and other “lean gases”, but usually not natural gas, continuous measurement
of the methane concentration in the fuel gas is required. The methane concentration must
be provided by the customer as an analog input value for the TEM/TPEM control system.
This also applies to applications where mixed operation with two different fuel gases
takes place. Further details regarding the change in calorific value can be found in
TR 3017.

9.4 Fuel gas systemRequirements and guide values

9.4.1 Fuel gas systemRegulations

When installing gas lines and gas system components, increased safety requirements
must be complied with.

Both when carrying out works on the system and when selecting components, the DIN,
TRD, DVGW, etc. regulations must be complied with. The most important ones are listed
in the following table:
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DIN 6280-14 Combined heat and power system (CHPS) with reciprocating in-
ternal combustion engines; basics, requirements, components
and application

DIN 6280-15 Combined heat and power stations (CHPS) with reciprocating in-
ternal combustion engines - Tests

DIN EN 161 Automatic shut-off valves for gas burners and gas appliances

DIN EN 14382 Safety devices for gas pressure regulating stations and installa-
tions - Gas safety shut-off devices for inlet pressures up to
100 bar

DIN EN 16678 Automatic actuators

DVGW G 262 Use of gases from regenerative sources for the public gas supply

DVGW G 491 Gas pressure regulating systems for inlet pressures above 4 bar
to 100 bar

DVGW G 493/I Qualification criteria for manufacturers of gas pressure control
and measuring systems

DVGW G 495 Operation and maintenance of gas plants

DVGW G 600 Technical regulations for gas installation

GUV-R 127 Safety regulations for landfills

GUV 17.5 Safety regulations for waste water treatment plants - Construc-
tion and equipment

DGUV I 203-092 Occupational safety during the operation of gas plants

Table 20: Important regulations for fuel gas systems

Following the installation of the gas line and valves, an expert must be commissioned to
confirm that the assembly has been performed in a technically correct manner and in ac-
cordance with the legal regulations.

Before commissioning the gas train, a corresponding application must be submitted in
good time to the relevant authorities.

9.5 Fuel gas systemComponents of the fuel gas system

9.5.1 Fuel gas systemGas cool drying

The fuel gas must be dried for all biogenic special gases and all gases that exceed the
limit of 80 % relative humidity. A technically effective variant of this is gas cool drying.
Biogas (from renewable raw materials), sewage gas and landfill gas are generally satu-
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rated with moisture and hence too damp for direct use. As a side effect of gas cool dry-
ing, pollutants are also washed out of the gas. Especially water-soluble substances (e.g.
ammonia) can be found in the condensate.

The minimum setup for gas cool drying comprises a gas cooling system, a drop separa-
tion and a heating of the gas. The gas cooling system, mostly equipped with a cold water
chiller, lowers the dew point and hence the absolute moisture content in the fuel gas. The
drop separation must ensure that small drops that are carried away by the gas flow are
also separated and do not vaporize again in the reheating phase. Although the reheating
does not change the absolute humidity, it does change the relative humidity. The gas can
only be dried in this step. The reheating comprises either a water-heated gas heater, a
gas-gas heat exchanger, which utilizes the heat of the gas entering the cooling system, or
the heat input of a compressor.

Other structures are possible if the function is ensured. Gas lines laid in the ground are
not really advisable in the power classes in which the genset manufacturer offers prod-
ucts. They are not generally suitable for cooling the gas over the whole year.

9.5.2 Fuel gas systemActivated carbon filter

Doped and impregnated activated carbon has proven to be effective for fine desulfuriza-
tion of biogas. Biological processes can also break down the higher hydrogen sulfide con-
tents in the biogas reliably and at low cost. However, biological methods are not usually
enough to desulfurize the biogas to the extent that an oxidation catalytic converter with
subsequent exhaust heat exchanger can be safely installed in the exhaust tract.

The doped/impregnated activated carbon (frequently potassium iodine) adsorbs the hy-
drogen sulfide (H2S) on the carbon surface and oxidizes it there catalytically to elementary
sulfur (S). H2S can also be desorbed again as a gas. One reason for this may be warm or
damp fuel gas, e.g. due to failure of the gas cool drying. Elementary sulfur cannot be des-
orbed as a solid. As a result of this chemical reaction, the sulfur is therefore bound more
strongly on the carbon. The load-bearing capacity of the activated carbon is also there-
fore higher. Thus the load-bearing capacity with good activated carbon in good operating
conditions is 500 g of sulfur per 1 kg of activated carbon and more (see the manufac-
turer's specifications). As a result, relatively long operating times of 2000 to 8000 oh can
be reached in many biogas plants.

If the activated carbon of the gas flow (flowing speed and pressure loss) is correctly de-
signed and the necessary retention times of the fuel gas in the activated carbon layer are
complied with, iodized activated carbon will be able to lower the H2S flow to the extent
that this can no longer be validated with the field measuring instrumentation. This degree
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of purification is retained over the entire service life. The reactivity of the activated carbon
is very high with the result that the activated carbon can theoretically be divided into
three layers:

• Unpolluted activated carbon before the adsorption zone

• Adsorption zone in which adsorption occurs (small in relation to the tank)

• Polluted layer after the active layer.

The adsorption zone migrates in the direction of gas flow through the adsorber. At the
gas outlet, this migration of the adsorption zone cannot be measured by measuring the
H2S content.

It is therefore not possible to determine the pollution of the adsorber at the outlet. When
the adsorption zone reaches the outlet from the adsorber, the H2S flow rises within a few
days to the full input concentration. This process is referred to as break point and must be
prevented technically because it progresses rapidly.

One option is to provide permanent H2S monitoring in the activated carbon layer at some
distance from the gas outlet, so that an advanced warning can be generated by sampling
the gas from the activated carbon layer. In this way, the activated carbon can be replaced
before the break point of the adsorption front by the activated carbon, whereby a certain
amount of non-polluted activated carbon always has to be disposed of.

Another approach is to reserve two separate activated carbon fillings. A working filter, in
which adsorption occurs, and a control filter, which ensures at the break point of the
working filter that the gas continues to be finely desulfurized. A continuous H2S concen-
tration measurement between the two layers makes a statement concerning the break
point of the working filter possible. Upon replacement, the working filter, which is now
fully polluted, is disposed of. The control filter becomes the new working filter and the
control filter is filled with fresh activated carbon. This can be realized by refilling or by
means of a corresponding flap system. If the control filter is designed large enough (e.g.,
as large as the working filter), the change of the working filter can be delayed. In this way,
the activated carbon replacement can be synchronized with maintenance work on the en-
gine.

The activated carbon must not be able to be bridged with a bypass. Firstly, it is then diffi-
cult to demonstrate that this bypass has not been activated and that the fuel gas there-
fore had the required quality. Secondly, short operating times with fuel gas containing
H2S are also sufficient to form sulfuric acid via the exhaust catalytic converter, which con-
denses in the exhaust heat exchanger.

The load-bearing capacity of the activated carbon also depends on the gas humidity and
gas temperature. In general that gas should be dried. However, the gas should not be too
dry and should not be too cold either, as the chemical reaction on the surface of the acti-
vated carbon is impeded by this. The exact target values can be found in the data sheets
of the activated carbons. It should be mentioned here in particular that the fuel gas must
have a certain oxygen content depending on the activated carbon. The required oxygen
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content is on the order of 1 percent by volume. Fuel gases that do not have a corre-
sponding minimum oxygen content must be oxygenated to guarantee the reliable func-
tion of the activated carbon filter.

Due to the more controllable gas states, gas cooling dryer with reheating for conditioning
should be installed upstream when activated carbon is used.

The adsorption of organosilicon hydrocarbons cannot be compared with the H2S adsorp-
tion. These can be found in sewage gas and landfill gas and sometimes also in the fuel
gas of biogas plants serving for waste recycling.

Non-doped activated carbon filters are used for organosilicon compounds. These adsorb
the pollutants on the surface. However, no chemical reaction occurs there, meaning that
the adsorbed substances can be desorbed again.

Two further hurdles are: firstly, that the loading capacity for hydrocarbons is not very high
and tends to be in the magnitude of percent, and secondly, that not only organosilicon
compounds are adsorbed but all hydrocarbons are adsorbed (although pure hydrocar-
bons in the engine combustion do not present any problems and would not therefore
have to be cleaned). Although no economical system is available for the fine desulfuriza-
tion, the removal of other pollutants using activated carbon is significantly more complex
and expensive with the result that a corresponding estimation has to be made here.

9.5.3 Fuel gas systemMixture treatment

The exhaust emissions of the gas engine are regulated by controlling the air-gas ratio.
The main components for the processing of the air-gas mixture before it enters the com-
bustion chamber are the gas train, the venturi mixer and the throttle valve. The following
illustration shows the components for air-gas mixture treatment for lean-burn combus-
tion.
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3644642955: Principle of lean-burn combustion with turbocharging, dual-circuit cooling and com-
bustion chamber temperature control

1 Combustion air 2 Exhaust gas

3 Exhaust turbocharger 4 Combustion chamber temperature
measurement

5 Cooling water 6 Engine

7 Mixture cooler 8 LT mixture cooling water

9 Throttle valve 10 Gas

11 Gas train 12 Mixer with actuator for mixture for-
mation
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9.5.4 Fuel gas systemGas trains

Gas engines are only permitted to be operated with gas trains approved by genset manu-
facturer.

Quick closing valve (QCV)

A quick closing valve (QCV) is mandatory upstream of the gas train system, regardless of
the fuel gas used. This QCV has the effect that in case of leakage, or pre-leakage rupture,
the amount of emergency gas in the genset room is limited and the gas supply becomes
a self-sealing source. The QCV must be installed outside the genset room, but should be
installed as close as possible upstream of the gas trains to keep the amount of gas in the
piping between the QCV and the genset low.

Pre-pressure gas trains

The pre-pressure gas train reduces the gas pressure to below 200 mbar. The principal
components of the pre-pressure gas train are the ball valve at the entry to the unit, the
gas filter, the gas pressure controller with safety shut-off valve (SSOV) and the safety
blow-off valve (SBOV). The safety shut-off valve shuts off the gas supply when the outlet
pressure after the pre-pressure gas train exceeds the preset limit. Smaller pressure surges,
which occur when the solenoid valves close in the downstream gas train, for example, are
compensated by the blow-off valve, which opens against spring force. The following illus-
tration shows a pre-pressure gas train.

3642287243: Pre-pressure gas train

1 Gas 2 Ball valve

3 Pressure gauge 4 Gas filter

5 Safety shut-off valve (SSOV) 6 Gas pressure controller

7 Vent valve 8 Safety blow-off valve (SBV)

9 Gas leakage display
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Zero pressure gas trains

Before the gas and air are mixed in the venturi mixer, the pressure of the gas must be re-
duced to atmospheric pressure. This is performed by the membrane zero pressure con-
troller in the gas train. The following illustration shows the basic layout of a gas train.

At the entry to the gas train is a manually operated ball valve. This is followed by a gas fil-
ter as protection against major impurities. The filter insert comprises a filter mat; filtration
rate is approx. 85 % for particles > 5 µm. A minimum pressure sensor is always installed in
advance of the shut-off valves. Then come two shut-off valves, which are implemented as
solenoid valves or pneumatically operated valves depending on the nominal size. If it is
not possible to reliably prevent oxygen from entering the fuel gas, a short-fireproof bidi-
rectional flame arrester in accordance with DIN EN ISO 16852 must be provided. This
flame arrester must be installed after the shut-off valves and before the zero pressure
controller. Finally, there is the zero pressure controller. The zero pressure controller has no
auxiliary power. Depending on the safety requirements for the plant, the gas train may be
equipped with a valve proving system, an intermediate vent valve or a maximum pressure
monitor.

The zero pressure gas trains can be operated with an upstream pressure of up to
200 mbar. For higher inlet pressures, either a pre-pressure controller (inlet pressure
< 500 mbar) or a pre-pressure gas train (inlet pressure > 500 mbar) is required.

3642576651: Gas train

1 Gas 2 Ball valve

3 Pressure gauge 4 Gas filter

5 Pressure monitor 6 Solenoid valve

7 Flame arrester (in case of possible
oxygen inrush)

8 Temperature sensor (in case of possi-
ble oxygen inrush)

9 Zero pressure controller

Requirements for the gas supply to the zero pressure gas train

For fault-free operation of the gas engine, a minimum gas pressure of approx. 10 mbar to
20 mbar must be ensured directly at the inlet of the zero pressure controller of the zero
pressure gas train (see next illustration, position B). The minimum pressure is calculated
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from the KG value of the controller, the dry flow at full load and the gas equivalent factor
if the gas type, and thus the gas density, is different from natural gas. Based on the mini-
mum gas pressure at the inlet of the zero pressure controller, the minimum gas pressure
upstream of the zero pressure gas train is defined by the design of the zero pressure gas
train (see next illustration).

The required relative minimum pressure at the inlet of the zero pressure gas train (see
next illustration, pos. A) depends on the following factors:

• Fuel gas volumetric flow rate

• Temperature of fuel gas

• Relative humidity of fuel gas

• Fuel gas density

• Gas equivalent factor, if different from natural gas

• Nominal size of the zero pressure gas train

• Total pressure losses of the individual components of the zero pressure gas train

3642579851: Zero pressure control line

1 Ball valve 2 Gas filter

3 Double solenoid valve 4 Flame arrester

5 Zero pressure controller A Inlet of zero pressure gas train

B Inlet of zero pressure controller C Position of minimum pressure switch

Each zero pressure gas train contains the adjustable minimum pressure switch. The mini-
mum pressure switch must be set so that fault-free operation of the gas engine at full
load is guaranteed with this inlet pressure. If the pressure falls below the set minimum
pressure, the genset will not start or will be shut down. The installation location of the
pressure switch is usually between the gas filter and the shut-off valves (see illustration
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above, pos. C). The upstream pressure to be ensured at the inlet of the gas train must
therefore be greater than the setting value of the pressure switch plus the pressure loss of
the upstream components at full load.

The minimum inlet pressure for island operation, i.e., operation with load acceptance and
load rejection, is generally set at greater than 100 mbar for natural gas operation. For bio-
gas operation, a higher inlet pressure is required depending on the gas composition,
genset and configuration of the gas train.

Load changes with steep grid parallel ramps and with load jumps in island operation lead
to changes in the fuel gas consumption at the gas engine, and thus also to changes in the
pressure loss via the zero pressure gas train. If possible, these changes should have no ef-
fect, or only a limited effect, on the pre-pressure of the zero pressure gas train. This
equally applies when starting the gas engine. This is where the change in gas volume flow
over time is at its highest. Therefore, a buffer volume must be maintained between the
zero pressure gas train and the gas supply. The buffer volume should be of the order of
1 m3 i. N. (in the standard state) per 1000 m3 i. N. / h gas consumption. The piping between
the gas supply and the zero pressure gas train can be regarded as the buffer volume. In
biogas plants, for example, this function is performed by the activated carbon filters that
are normally installed between the gas compressor and the zero pressure gas train.

Example: A gas engine genset has a natural gas consumption of 480 m3 i. N. / h, the gas in-
let pressure is 100 mbar. If the piping upstream of the gas train is regarded as a buffer
volume and the nominal size of the piping is assumed to be DN 125, this results in a pip-
ing length of approx. 35.6 m.

To keep the upstream network as short as possible, the inlet pressure can also be in-
creased, but this may then lead to the use of a pre-pressure gas train.

Zero pressure gas trains are operated with a max. inlet pressure of 200 mbar, the opti-
mum for genset operation is approx. 150 mbar. However, the components are designed
for natural gas for a maximum pressure of 500 mbar. For bio- and special-gas trains, the
maximum pressure is 200 – 400 mbar, depending on the flame arrester used. For systems
with inlet pressures greater than 200 mbar and less than 500 mbar overpressure, single-
step pre-pressure controllers are therefore sufficient to reduce the pressure to the inlet
pressure of the zero pressure gas train. For upstream pressures greater than 500 mbar,
the installation of pre-pressure gas trains with safety shut-off valve (SSOV) and safety
blow-off valve (SBOV) is required. Pre-controls are usually installed directly in the zero
pressure gas train after the gas filter. Pre-pressure gas trains are installed in close proxim-
ity upstream of zero pressure gas trains. Pre-pressure controllers and pre-pressure gas
trains are matched together with the zero pressure gas trains as an overall system. In
these cases, the requirement for the buffer volume to be maintained upstream of the zero
pressure gas train does not apply. O
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Dual gas operation with switchover at standstill

Each gas type requires its own gas train with filtration, shut-off valves and precise pres-
sure keeping. After passing through the gas trains, the two gas types are fed to the en-
gine via a separate or a common piping.

Because the two gases have different heat values or pre-pressures, this may produce large
differences in the nominal sizes of the gas trains and also as a result in the nominal sizes
of the connection lines to the gas-air mixer on the engine. Special attention must be paid
here to ensure that the dead volume between the gas trains and gas-air mixer on the en-
gine is kept as small as possible for the respective operation mode. For this reason, it is
necessary, especially when there is a large difference in the nominal sizes, that the two
gas lines to the gas-air mixer are laid with the nominal size of the respective gas train and
only merge just before the gas-air mixer.

Separate lines must be provided if the difference in nominal sizes between the two lines is
greater than or equal to two nominal sizes.

In case of unfavorable configurations, the interaction between the membranes of the two
zero pressure controllers can cause permanent pressure fluctuations in the gas volume
between the zero pressure gas trains and the gas-air mixer. This may even cause stable
operation of the gas engine to no longer be possible. In these cases another automatic
shut-off device must be provided in the respective gas line upstream of the gas-air mixer.

Dual gas operation is possible only with a multi-gas mixer (adjustable gap). The switch
over from one gas type to another takes place automatically when the engine is at a
standstill by switching over the solenoid valves at the gas trains.

Two-gas mixing operation

A two-gas mixing mode is used for simultaneous operation with a fuel gas mixture of two
fuel gas types and continuous changeover between two fuel gas types during operation
without shutting down the genset.

In two-gas mixing mode, the genset can be operated with mixing ratios between approx.
10 vol.% and 90 vol.% gas A and approx. 10 vol.% and 90 vol.% gas B. Operation with
100 vol.% gas A or 100 vol.% gas B is also possible.

A gas mixing unit is required for two-gas mixing operation. These must be controlled via
the plant control (TEM/TPEM system) belonging to the genset. The control of the gas mix-
ing unit by the TEM/TPEM system is designed as an open-loop control without feedback
of a measured value. After the gas mixing unit, only a zero pressure gas train is used,
which is designed for the leaner of the two fuel gases.

A two-gas mixing operation places increased demands on the minimum required gas inlet
pressures into the gas mixing unit. If necessary, the genset can only be started with one of
the two gases; starting with mixed gas is not possible.
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Two-gas mixing operation is only permissible in grid-parallel operation. It is possible only
after synchronization with the power grid and from approx. 40 % electrical power. This
may result in restrictions on the maximum possible electrical power and fluctuations in ni-
trogen oxide emissions.

Fuel gas system with multi-engine plants and high gas pressures

For multi-engine plants connected to a gas network with higher pre-pressures (0.5 bar to
10 bar), it is recommended to equip each genset with a pre-pressure gas train and zero
pressure gas train. This design has the advantage that the gas collection line to the
gensets can be designed with a smaller cross section. Furthermore, the system has a
higher stability against pressure fluctuations, which are caused by starting and shutting
down the individual gensets.

It is not recommended to operate several gensets with one pre-pressure gas train. If, nev-
ertheless, several gensets are fed by a pre-pressure gas train, it must be dimensioned in
such a way that the maximum flow rate is ensured at full load of all gensets. Furthermore,
it is important to ensure that at minimum gas flow the pre-pressure controller is operated
outside the low-load pump, e.g., when only one genset is operating at idle, and the other
gensets being fed are at a standstill.

Notes on installing gas trains

The gas train must be arranged in the same room as the gas engine in order to allow the
gas pressure controller to respond to changes in intake air pressure. For corrosive gases
like landfill gas, biogas or sewage gas, non-ferrous metal (brass) must not be used for
parts carrying gas.

Gas pressure regulating devices and piping must not be installed under tension. The ar-
row on the actuator housing must point in the direction of flow. The gas train must be in-
stalled horizontally. Controllers and control devices must be arranged in a normal posi-
tion.

Blow-off lines from the safety blow-off valve (SBV) must be routed from the genset room
into the open air with a sufficient cross section.

The gas trains must be arranged as close to the gas engine as possible.

In grid-parallel operation, the maximum distance between the outlet from the gas train
and the inlet into the gas-air mixer at the gas engine must not exceed 3 m. There may be
a maximum of three 90° bends in this line.

If a flame arrester is installed and the size of the gas line is less than DN 65, the maximum
distance between the outlet of the gas train and the inlet of the gas-air mixer at the en-
gine is reduced to 50 x “line size (DN)” (example for DN 50: 50 x 50 mm = 2.5 m).

In island operation, the maximum distance between the gas train outlet and the gas-air
mixer inlet on the gas engine must not exceed 1.5 m.
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The connection to the engine is made via a flexible hose which is laid as a 90° bend, or a
specially designed expansion joint which must be installed without tension. If necessary,
the expansion joint can be combined with a 90° elbow between the gas-air mixer and ex-
pansion joint. A pipe support designed as a fixed point must be provided directly up-
stream of the flexible hose or expansion joint. The distance from this fixed point, to the
hose or expansion joint should not exceed 3 x DN. The rest of the gas line and the gas
train must also be properly supported so that no vibrations or oscillations can affect the
gas train.

High-efficiency gas-air mixers have been introduced for the series TCG 3016, TCG 3020
and TCG 2032B. The flow pressure loss via the gas-air mixer has been minimized. There-
fore, a lower negative pressure is available for the intake of the fuel gas via the zero pres-
sure controller of the gas train. For this reason, the pressure loss in the gas line between
the zero pressure controller and the gas-air mixer must be kept as low as possible. An ex-
pansion joint should generally be used here instead of the corrugated pipe hose on the
gas-air mixer. The corrugated pipe hose generates too high a pressure loss. This leads to
problems when starting the gas engine and to unstable operating conditions during load
changes.

Depending on the plant, a gas flow meter may be installed in the feed line to the engines
ahead of the control line.

The evaluation tools for temperature monitoring at the flame arrester, for the SSOV in the
pre-pressure gas train and for the gas flow meter must be integrated in the switchgear.

To safeguard the gas engine system, there must be a shut-off device in the gas connec-
tion line suitable for manual operation outside of the genset room in a non-hazardous lo-
cation. This shut-off device must be closed quickly in the event of danger. Remote-oper-
ated valves with permanent auxiliary power (e.g., closing spring) are recommended.

Notes

As no further filtration of the gas occurs upstream of the inlet into the gas engine, the line
between the gas train and gas-air mixer must be cleaned on the inside (see General
[} 105]).

In fuel gas mixtures that also contain oxygen as a component (e.g. sewage gas, biogas
and landfill gas), backfiring could occur in the gas line. There is also a risk of re-ignition
with fuel gases where the introduction of oxygen cannot be ruled out. To prevent flames
from penetrating the gas supply line, flame arresters with temperature monitoring must
be selected in the standard gas trains.

In the case of liquefied gases (e.g. propane), oxygen may enter the fuel gas, e.g. during
refueling or maintenance work. In these cases, suitable measures must be taken to ex-
clude backfiring into the gas train.

If the absence of oxygen in the fuel gas cannot be guaranteed, a flame arrester with tem-
perature monitoring approved for the type of gas is required.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Fuel gas system

176
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

Notes on the outlet lines and breather lines for gas trains

Pipes to the atmosphere have to be laid without restriction in the diameter (observe pres-
sure loss) as indicated by the manufacturer of the gas pressure controller and safety de-
vice.

Block valves are not allowed in breather pipes. Outlet lines and relief pipes must not be
combined with breather pipes into a common pipe. This does not apply to lines to the at-
mosphere on equipment in which respiratory blow-off devices and safety blow-off de-
vices are combined.

In accordance with DVGW Technical Leaflet G 491, the following applies: Breathing, blow-
off and pressure-relief lines must be routed outdoors. The gases released at the outlet
points are to be discharged without hazard. There must be no ignition sources within the
potentially explosive atmospheres at blow-out openings. Furthermore, the blow-out
openings must be protected against the ingress of foreign matter that could cause block-
age or malfunction of the equipment. Instructions for the design of blowers and for deter-
mining the potentially explosive atmospheres at blow-out openings of lines to the atmos-
phere are given in DVGW Technical Leaflet G 442. Other nationally applicable regulations
must be applied if necessary.

9.5.5 Fuel gas systemGas-air mixer

Air and gas are combined in the mixer. The mixer is designed as a venturi pipe. The air
flows through a nozzle-like constriction and then through a gradually expanding diffuser.
The constriction accelerates the flow, which is then slowed down again with minimal loss
in the diffuser. The acceleration at the constriction (nozzle) creates a negative pressure, so
that the gas is automatically drawn in through a gap at the point of minimum cross-sec-
tion. Thanks to the subsequent deceleration, the pressure then increases again until it is
virtually equal to atmospheric pressure, with the result that the mixing process takes place
without any great loss of pressure.

The advantage of this type of mixing is that the quantities of air and gas remain in the
same proportion to one another even when output is varied by altering the throttle valve
position and thereby varying the central air mass flow.

A multi-gas mixer is used with which the gap geometry in the mixer itself can be altered
via an actuator. The exact maintenance of the gas-to-air ratio in the mixture depends on
the gas pressure before the mixing gap being equal to the air pressure before the venturi
pipe. The following illustration shows the principle of a gas-air mixer with adjustable gap.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Fuel gas system 9

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 177

3642584331: Multi-gas mixer

1 Gas inlet 2 Speed controller linkage to the step-
per motor

3 Gas-air mixture outlet 4 Gas gap

5 Air inlet

9.5.6 Fuel gas systemThrottle valve

The power output or the speed of the engine is regulated via the throttle valve by means
of controlling the amount of the compressed mixture to the engine.

9.6 Fuel gas systemNotes on the fuel gas system

9.6.1 Fuel gas systemStart-up of biogas plants

If there is no biogas in the initial phase, alternative gases can be used to start-up the en-
gine. Permissible alternative gases and engine settings are defined in a Technical Bulletin.

The installed biogas train is normally slightly too large due to the restricted maximum
mechanical power and, if applicable, a higher net calorific value Hi of the alternative gas.
Therefore, the inlet pressure of the alternative gas must be able to be adjusted as low as
possible (approx. 5 to 30 mbar).

It is not possible to install fixed faceplates in order to lower the inlet pressure (because
flow rate for engine startup and idling is too low).

The zero pressure controller must be correspondingly adjusted by an authorized commis-
sioning engineer.
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9.6.2 Fuel gas systemServicing and maintenance

When working on gas lines, DGUV I 203-092 and DVGW worksheets G 491 and G 495 or
other nationally applicable regulations must be observed. In particular, it is important to
ensure that all work on the gas system (e.g., opening a gas train, dismantling and servic-
ing a device) is carried out only when depressurized. This work must be carried out by
trained and qualified specialist personnel only. With regard to service intervals, it is essen-
tial to comply with the manufacturer's recommendations for the particular type of opera-
tion in terms of visual checks, inspections, function testing and maintenance.
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10 Lube oil systemLube oil system
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10.1 Lube oil systemSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3620526731: Simplified example illustration

A Fresh oil system B Waste oil system

1 Overflow valve 2 Fresh oil pump

3 Fresh oil tank 4 Waste oil tank

5 Prelubrication pump 6 3-way valve

7 Lube oil solenoid valves 8 External lube oil plate heat exchanger
(only for TCG 2032)

10.2 Lube oil systemStructure and function

10.2.1 Lube oil systemGenset

The lube oil systems of the engines are implemented as wet sump lubricating systems.
The following table shows the various lube oil systems used for the different engine se-
ries. O
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Engine type Wet sump

Lube oil sump
at engine

Expanded
lube oil tank
in base frame

Fresh oil tank
in base frame

External lube
oil tank in the
plant

TCG 3016 X X X

TCG 2020 X X

TCG 3020 X X

TCG 2032 X

Table 21: Engine types and lube oil systems

10.2.2 Lube oil systemPlant

The lube oil system of the plant depends on the design.

3689774987: Plant lube oil system

1 Gas engine 2 Lube oil filter

3 Lube oil cooler 4 Prelubrication pump

5 Lube oil tank base frame 6 Fresh oil pump

7 Fresh oil tank 8 Waste oil tank

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Lube oil system

182
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

10.3 Lube oil systemRequirements and guide values

10.3.1 Lube oil systemGenset

The external oil coolers and assembly parts must be designed for a minimum pressure of
16 bar.

10.3.2 Lube oil systemPlant

For the TCG 2032 series, the external lube oil circuit components (e.g., heat exchanger)
must be arranged at the same level as the genset foundation or lower. This arrangement
prevents the oil from flowing back into the lube oil sump when the machine is at a stand-
still. For plants with TCG 2032, the external lube oil cooler should be installed as close to
the genset as possible. This means that the lube oil volume is kept as low as possible in
the plant system.

Shut-off elements must not be installed in the pipes between the genset and the lube oil
cooler. The nominal size of the piping must be at least DN 125, and the nominal pressure
of the lines must be at least 16 bar. The lube oil lines between the genset and lube oil
cooler must be laid below the level of the lube oil outlet on the genset. If the upper con-
nection to the lube oil cooler is higher than the lube oil outlet on the genset, the pipes
must be fitted below this level.

The oil cooler should not be installed in front of the air cleaners of the engine, because
the radiation heat from the oil cooler might affect the combustion air temperature. In this
case a thermal insulation of the heat exchanger must be provided.

Fresh oil tank

The fresh oil tank must be arranged in a way which prevents it from emptying into the en-
gine due to gravity. In general, lube oil is replenished using a gearwheel pump and with a
defined filling amount. Compared to refilling with gravity flow, refilling by gearwheel
pump is preferred. The size of the supply tank will be dependent on the operation mode
of the plant and the associated oil supply required. The minimum recommended size is
equal to the quantity required for one oil change plus the amount consumed during two
intervals between changes.

Waste oil tank

The minimum recommended size is equal to the quantity yielded by two oil changes.

Service tank

If a service tank is provided for refilling, it must be designed for the required consumption
quantity of approx. 200 oh (e.g., for TCG 2032, approx. 600 dm3).
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Container application

In containers, the available free space might be heavily restricted due to the size of the
genset itself and also due the auxiliary equipment. With this available free space, the rec-
ommendations given above for the size of the fresh oil tank and waste oil tank cannot be
fully adhered to.

Gas engines

The lube oil filters fitted to gas engines are designed for unlimited operation. No further
measures are required on the part of the client to treat the lube oil.

10.4 Lube oil systemLube oil system components

10.4.1 Lube oil systemIntroduction

All engine series have integral lube oil pumps; the lube oil is filtered and cooled by either
engine-mounted or separate filters and oil coolers.

10.4.2 Lube oil systemEngine prelubrication

Prelubrication is generally provided for all engine types. The prelubrication significantly
reduces the engine wear. For prelubrication, electrically driven prelubrication pump mod-
ules are used. The prelubrication pump modules are mounted on the genset base frame
in most cases. When prelubrication is activated, lube oil flows through all the components
installed in the lube oil system between the oil pump and the engine (filters, mixing cool-
ers). The capacity and supply pressure of the pump modules must be matched to the re-
spective engine type.

Engine prelubrication takes place immediately before the start when the engines are at a
standstill. Optionally, a process called interval prelubrication can be provided. In other
words, the engine is prelubricated at preset intervals while at a standstill for a defined pe-
riod of time.

In plants with gas engines, prelubrication is controlled by the TEM system or the TPEM
system. Prelubrication is inactive when the engine is running. The TCG 2032 series does
not have interval prelubrication and must therefore be prelubricated before each start.

10.4.3 Lube oil systemCrankcase ventilation

The engines of all series are equipped with closed crankcase ventilation. Crankcase vapors
are returned to the combustion air or mixture pipe via an oil separator.

The separated lube oil flows back into the crankcase chamber.

In some gensets, an additional exhaust fan is used to support the crankcase ventilation.
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10.5 Lube oil systemLube oil

10.5.1 Lube oil systemLube oil types

The Technical Bulletin TR 2105 for lube oil contains a list of lube oils available from rep-
utable manufacturers. Only these lube oils are approved for operation with the gas en-
gines. No other lube oils may be used without written approval. The Technical Bulletin TR
2105 also contains information on lube oil change intervals, used oil analyses and mainte-
nance of the lube oil filters fitted to the engine.

Before commissioning, an analysis of the fresh oil supplied must be compared with the
manufacturer's specification.

10.5.2 Lube oil systemLube oil with biogas applications

Further information regarding the lube oil with biogas applications can be found in the
Technical Bulletin TR 2135 “Optimization of the oil management for biogas applications”.

10.5.3 Lube oil systemChanging and replenishing the lube oil

Lube oil changes must be carried out in accordance with the operating manual for the re-
spective engine, and in the case of gensets in continuous operation, lube oil consumption
must be compensated by refilling the system with fresh lube oil. When changing the lube
oil, make sure that the oil in the plant components, e.g., piping, heat exchangers etc., is
changed. Drainage options for the lube oil are provided at the lowest points of the plant-
side system. Depending on the plant layout, it is effective to provide a permanently in-
stalled or mobile emptying pump.

Fresh lube oil is replenished from the fresh oil tank via the top-up pump. This operation
can be either manual or automatic. In the case of plants equipped with gas engines, the
TEM system or TPEM system controls the lube oil replenishment.

Two solenoid valves are installed in series in the lube oil refill line before the engine.
When the minimum level in the lube oil sump is reached, the TEM system or the TPEM
system opens the solenoid valves (and/or the top-up pump starts) and the tray is refilled
with lube oil. When the maximum level is restored, the solenoid valves close (and/or the
top-up pump stops).

When topping up under gravity from the service tank, it must be ensured that the lines
have a large enough cross section and that the oil does not become too viscous due to
low temperatures.

The lube oil sump is emptied with the prelubrication pump. O
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The waste oil is pumped into the waste oil tank by shifting the three-way valve installed in
the line after the prelubrication pump. The top-up pump is then used to fill up with clean
oil. The three-way valve behind the prelubrication pump is switched back to the “prelubri-
cation” position. Operating the prelubrication pump refills the complete lube oil system
with lube oil.

NOTE

The respective safety regulations and other legal regulations must be observed when
handling and storing fresh oils and waste oils.
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11 Combustion air systemCombustion air system
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11.1 Combustion air systemSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3620528395: Simplified example illustration

A Ambient air B Combustion air

1 Combustion air filter 2 Combustion air line

11.2 Combustion air systemStructure and function

11.2.1 Combustion air systemDefinition of ambient air

The air in the free environment is called ambient air.

Ambient air supplies the gas engine system with the amount of air required for cooling
and combustion.

The ambient air temperature is measured exclusively outdoors and always at a height of
two meters above ground. The measurement may only be carried out in the shade and
thus not in the blazing sun. Influences from heat radiation (for example from a house wall)
must also be avoided.

Depending on the design of the plant ventilation system, there may be an increase or de-
crease compared to the measured ambient air temperature.
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11.2.2 Combustion air systemDefinition of combustion air

Combustion air (or intake air) is the air that is directly in front of the combustion air filter
of the gas engine.

The temperature of the combustion air may differ from the temperature of the ambient
air.

11.3 Combustion air systemRequirements and guide values

11.3.1 Combustion air systemCombustion air requirements

In the data sheets, the electrical terminal power is specified according to the ISO 8528-1
standard. In this standard, the following standard reference conditions are defined in re-
spect to the combustion air parameters:

Air temperature 298 K (25 °C)

Air pressure 1000 mbar (100 kPa)

Relative humidity 30 %

Table 22: Standard reference conditions for combustion air

The performance specification in the data sheets may differ from the standard reference
conditions listed in the table above.

Depending on the actual installation conditions, the customer-specific reference condi-
tions are listed on the data sheets.

Engine start-up and operation: combustion air temperature requirements:

• When starting the engine, the temperature must not fall below the minimum permis-
sible combustion air temperature specified on the data sheet

• When operating the engine, the combustion air temperatures (minimum/design) ac-
cording to the data sheet or P&I diagram must be observed

• If air preheating is present, the combustion air supplied to the engine must have the
same temperature for bank A and bank B

Influence of operating conditions that differ from the reference conditions specified on
the genset data sheet:

• Combustion air temperatures that fall below the minimum permissible combustion
air temperature specified on the genset data sheet can lead to massive damage to
the exhaust turbocharger and the engine due to compressor pumps with knocking
combustion caused by this

• Installation heights that are significantly lower than the height listed on the genset
data sheet can lead to massive engine damage

• Combustion air temperatures and installation heights that deviate upwards from the
reference conditions can lead to a power decrease
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11.3.2 Combustion air systemComposition of the combustion air

The normal composition of combustion air is considered to be dry air with a certain
amount of steam.

Relative humidity

Relative humidity is a percentage ratio measure. It describes how strongly the combustion
air is saturated and how close the state of the combustion air is to the saturation line.

Together with the indication of the air temperature and air pressure prevailing during the
measurement of relative humidity, the mass of the water vapor content in the air can be
determined.

Risk of destruction of components

High amounts of condensate can cause damage to the engine

For the determination of the engine setting values or also operating limits of the engine,
it is necessary to specify the maximum relative humidity occurring on site as accurately as
possible (together with the associated air temperature and the corresponding air pressure
or the engine installation altitude)

A high water vapor content in the combustion air can, if necessary, lead to condensation
of the water vapor in the combustion air or mixture system of the engine

Main components of dry air

The next table specifies the main components of dry air at sea level. (In total 99.999 vol.%.
The remaining 0.001 vol.% are so-called trace gases; especially noble gases).

Main components of dry air

Gas Volume contents

Nitrogen N2 78.084 %

Oxygen O2 20.946 %

Carbon dioxide CO2 0.035 %

Argon Ar 0.934 %

Total 99.999 %

Table 23: Main components of dry air

11.3.3 Combustion air systemHarmful components in the combustion air

The combustion air must be free of acid or base-forming components.

As a rule, it is not permissible for acid formers such as SO2, SO3, HCl or HF (but also other
corresponding substances) to be in the combustion air.
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The occurrence of process gases or even solid components, e.g., from nearby industrial
plants or chemical plants, can have a negative effect on the composition of the combus-
tion air.

The current version of the Technical Bulletin TR 2132 “Specification for combustion air”
lists the relevant harmful components and the maximum permissible proportions in the
combustion air.

NOTE

If the fuel gas already contains harmful components, the permissible proportions in the
combustion air are reduced by the proportions present in the fuel gas.

Required information: Current Technical Bulletin TR 3017 “Specification for fuel gas”

Influence of harmful components on maintenance intervals and plant components

The harmful components mentioned in TR 2132 negatively affect the maintenance inter-
vals of the engine and the engine service life. Furthermore, these substances can also
damage or even destroy downstream emission control systems.

The combustion air system must therefore always be designed in such a way that no com-
bustion air can be drawn in from areas contaminated by harmful associated gases.

11.3.4 Combustion air systemFiltering of the combustion air

Fine sand, dust or other particles contained in the combustion air significantly reduce the
service life of the engine due to increased component wear. Therefore, an effective and
high-quality filtration of the combustion air is required.

The current Technical Bulletin TR 2132 “TR Specification for combustion air” lists the com-
bustion air filters that are generally recommended for this purpose.

11.3.5 Combustion air systemTropical conditions

General

When using highly supercharged combustion engines with charge air or mixture cooling,
the water vapor drawn in with the combustion air can condense to liquid water depend-
ing on the ambient conditions (high air temperatures together with high relative humid-
ity).

This condensate leads to corrosion and wear on the corresponding components (from in-
let into the charge air / mixture cooler). If the combustion air also contains associated
gases that form acids or bases, the corrosion of the corresponding components increases
many times over.

• Required information: Harmful components in the combustion air [} 190]
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For such a tropical operation, there is a tropical version for many engine variants. In addi-
tion to more corrosion-resistant materials, condensate is separated by a condensate sepa-
ration system in these designs. These measures significantly reduce the risk of corrosion
and contribute considerably to an increase in component service life.

The operation and maintenance of these separation systems is carried out in accordance
with the instructions in the respective operating manuals.

For special attention

• The condensate lines between the genset and condensate collection tank or duct sys-
tem must be fitted with a steady downward incline.

• A flammable mixture can escape together with the condensate or upon malfunction
of a condensate drain. Therefore, it is mandatory that the condensate collection tank
or the duct system has a sufficiently dimensioned venting into the open air.

• Required information: Operating manual for the gas engine, especially the corre-
sponding assembly notes.

11.3.6 Combustion air systemCombustion air quantity

The amount of combustion air required for combustion depends on several parameters,
in particular the fuel gas composition and the combustion air ratio required to represent
the desired NOx emission.

The combustion air quantities can be found in the plant-specific genset data sheets.

11.4 Combustion air systemCombustion air system components

11.4.1 Combustion air systemTypes of filtration for the combustion air

The standard built-in combustion air filters are designed as plate filters, pocket filters or
round filters.

Depending on the engine series, the combustion air filters are either mounted directly on
the genset in appropriate filter housings or installed in front of the genset.

The number of combustion air filters installed on the unit depends on the model series.

As the combustion air filter becomes increasingly dirty, the pressure drop across the filter
increases.

Possible effects of increased pressure drop on engine operation may include:

• A slight increase in fuel consumption

• In extreme cases: compressor pumps, which means that safe operation of the genset
is no longer possible and damage can occur to the exhaust turbocharger

Basically, a differential pressure monitoring or differential pressure display is provided for
the filters. To avoid the negative effects on engine operation when differential pressures
are too high, check these indicators regularly and replace the air cleaner if necessary.
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11.4.2 Combustion air systemMuffler

In the case of combustion air filters installed outside the genset room, the combustion air
line in particular transmits the compressor noise to the outside. The compressor noise
makes its presence felt as a high-frequency whistle.

In such cases, mufflers must be provided in the combustion air lines, the size of the muf-
flers being determined in accordance with the respective requirements.

11.4.3 Combustion air systemCombustion air line

If the combustion air filters are not mounted on the engine, then a combustion air line
must be installed between the combustion air filter and the engine.

Smooth and clean piping must be used for this line (e.g., painted or galvanized piping).

In the intake line, all joints between the combustion air filter and the engine connection
must be airtight.

If the intake line is routed with a downward incline towards the engine, a water trap must
be provided with a drain-off upstream of the engine.

The reference value for the dimensioning of the combustion air duct is the flow velocity of
the combustion air. This velocity should be < 20 m/s.

11.5 Combustion air systemPressure losses
Pipes, bends, filters, mufflers, etc. cause a pressure loss in the combustion air system. The
pressure loss that occurs at nominal volume flow must not exceed the specified values.

The maximum permissible pressure losses are listed in the current Technical Bulletin
TR 2132 “Specification for combustion air”.
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12 Exhaust systemExhaust system
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12.1 Exhaust systemSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3620530059: Simplified example illustration

A Combustion engine B Exhaust system energy distribution
unit

C Cooling system: heating circuit

1 Interface to the exhaust system 2 Pipe opening (depending on project
planning)

3 Exhaust muffler (horizontal or vertical,
depending on project planning)

4 Exhaust stack

5 Exhaust expansion joint 6 Exhaust catalytic converter (depend-
ing on project planning)

7 Exhaust flap combination for bypass
(depending on project planning for
exhaust heat exchanger)

8 Exhaust bypass (depending on
project planning for exhaust heat ex-
changer)

9 Exhaust heat exchanger with connec-
tion to the heating circuit (depending
on project planning)

10 Condensate lines O
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12.2 Exhaust systemStructure and function
The exhaust system removes the combustion exhaust gases from the engine and usually
discharges them finally into the atmosphere. Components of the exhaust system often in-
clude components for reducing exhaust noise emissions as well as components for reduc-
ing the concentrations of pollutants in the exhaust gas. The exhaust system includes the
complete exhaust line and installed components.

In order to comply with the regulations that apply at the plant installation site, the ex-
haust system must be designed to fulfill these requirements. The regulations relate mainly
to the emission of exhaust gases and noise.

If internal engine measures do not fulfill the requirements on the exhaust gas emissions,
the exhaust gas must be treated, for example with the aid of exhaust catalytic converters.
The exhaust noise emissions are reduced through the installation of mufflers.

Every engine must be fitted with a fully independent exhaust system.

12.3 Exhaust systemGeneral planning notes

12.3.1 Exhaust systemService life

Assembly

• Lifting lugs must be provided on particularly large and heavy exhaust gas compo-
nents to facilitate lifting. It may also be useful to replace them later.

• When installing exhaust gas components such as mufflers and catalytic converter
housings, it is essential to ensure that the components are not overturned via the
feet. This would most likely damage the components. Mounted feet are only in-
tended for the installed load.

• The customer must state the installation situation of the components at the latest
when placing the order.

• If the components are not directly screw-fixed to the foundation or a steel frame,
they are equipped with a foot with a sleeve bearing. There must be sufficient lubri-
cant between the sliding plate and foot plate for assembly. Periodic checks should be
conducted to ensure that enough lubricant is always present during operation.

• Unauthorized tightening of floating bearings will generally cause exhaust system
components to be damaged or destroyed as a result of thermal expansion during
plant operation.
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Operation

If exhaust gas components for contact protection and to reduce heat loss are already iso-
lated, usually no additional protection against structure-borne noise is required. An ex-
ception to this is the fastening of the exhaust system:

• When fastening exhaust gas components, keep in mind that structure-borne noise
can be transmitted by the exhaust system when operating the plant and can cause
disruption. The use of vibration-decoupling elements on the feet of the mountings of
exhaust gas components can be useful

• In particular, when starting the plant, water can condense in the exhaust system.
Therefore, permanent condensation drains must be provided in points where con-
densation can accumulate in the system. Each individual condensate line can be di-
rected to a siphon, for example. The water columns shall safely counteract the ex-
haust back pressure every time in order to prevent hot exhaust gas from flowing
through the condensate lines

• When selecting the material for the exhaust pipe and the components in the exhaust
system, the exhaust temperatures in the partial load range must be taken into ac-
count and sufficient chemical resistance must be considered, as otherwise line breaks
with exhaust gas leakage may occur

Maintenance

• Regular checks should be conducted to ensure that the sleeve bearing is sufficiently
lubricated.

• There must be sufficient space available near maintenance openings and safe access
to these openings must be guaranteed. For example, if an exhaust heat exchanger is
used, make sure that sufficient space is available to be able to clean the exhaust
pipes if necessary.

12.3.2 Exhaust systemExhaust back pressure

Besides the exhaust mass flow and the exhaust temperature, the most important design
parameter determining the size of the exhaust system is the permissible exhaust back
pressure. Exceeding or undercutting the permissible exhaust back pressure has a signifi-
cant impact on power, fuel consumption and the thermal load of the engine. The exhaust
back pressure is measured at full load immediately behind the turbine of the exhaust tur-
bocharger. The permissible exhaust back pressure must not be exceeded or undercut.

Exhaust back pressure is generated, for example, by flow resistance in piping, expansion
joints, exhaust heat exchangers, catalytic converters, mufflers, deflection hoods and
stacks. All flow resistance must be taken into account when determining the exhaust back
pressure. The flow resistances in the exhaust piping and piping elbows can be determined
based on the exhaust volume flow with the diagram below. For the flow resistance of the
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components installed in the exhaust system, refer to the data sheets of these compo-
nents. The permissible exhaust back pressures for the single engine series are listed below
in the table.

Engine series Permissible exhaust back pressure in
mbar at 100 % engine load

TCG 3016 30 to 50

TCG 2020 K 30 to 50

TCG 3020 30 to 50

TCG 2032 30 to 50

Table 24: Exhaust back pressure

Higher exhaust back pressures may also be possible, depending on the engine configura-
tion.

In designing the exhaust system, the information contained in the data sheets for the in-
dividual engine series must be taken into account. A useful guide to the design of the ex-
haust system is the speed of the exhaust gas in the exhaust pipe. The speed should be in
the 20 to 35 m/s range.
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3759358987: Flow resistance for exhaust gas piping

1 EL: Substitute length for a 90° pipe
bend

2 Δp: Pressure loss per meter of
straight piping

3 VA: Exhaust volume flow TA Exhaust gas reference temperature

NW Nominal size of the exhaust pipe in
millimeters

R Radius of the bend

d Pipe diameter in millimeters

Example for illustration purposes

Specified Exhaust volume flow VA = 9000 m3/h

Straight piping: I = 10 m

3 bends 90° with R/d = 1

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Exhaust system 12

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 201

Wanted Dp of the piping

Solution NW 250 at approx. 44 m/s

Δp = 0.32 hPa/m straight pipe

Substitute length for a bend 4.95 m

Total pipe length (Lges) 10 + (3 × 4.95) = 24.85 m

Pressure loss (Δpges) 24.85 × 0.32 = 8 hPa (mbar)

12.3.3 Exhaust systemExhaust gas emissions

All CES gas engines operate according to the lean-burn principle. Due to the lean-burn
principle, the emission of pollutants in the exhaust gas is very low. Depending on local
specifications, the limit values for certain pollutants, such as nitrogen oxide and carbon
monoxide must be observed.

If the limit values cannot be undercut through engine settings, procedures must be intro-
duced to reduce pollutant emissions. The use of oxidation and SCR catalytic converters is
possible.

Exhaust emissions according to the 44th BImSchV in Germany

The 44th BImSchV replaced the TA-Luft in June 2019. According to the latest ordinance,
the following emission limit values, among others, are specified for lean-burn engines
with gaseous fuels in §16:

Gas type Exhaust gas
components

Limit value ac-
cording to TA-
Luft 2002

Limit value ac-
cording to the
44th BImSchV
§16

Valid for new
plants from

Sewage gas,
mine gas

NOx 500 500

CO 650 500 June 20, 2019

HCOH 60 20 January 01,
2020

Biogas NOx 500 100 January 01,
2023

CO 650 500 January 01,
2025

HCOH 60 20 January 01,
2020

Landfill gas NOx 500 500
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Gas type Exhaust gas
components

Limit value ac-
cording to TA-
Luft 2002

Limit value ac-
cording to the
44th BImSchV
§16

Valid for new
plants from

CO 650 650

HCOH 60 40 June 20, 2019

Natural gas NOx 500 100 January 01,
2025

CO 300 250 January 01,
2025

HCOH 60 20 January 01,
2020

NOx 500 500

CO 650 500 June 20, 2019

Table 25: Limit values for exhaust emissions

The validity of this ordinance is regulated differently for new plants and existing plants.
For example, the limit values of the ordinance apply to new plants with natural gas opera-
tion from 2025-01-01, and to plants with biogas operation from 2023-01-01. For existing
plants, the limit values only apply from 2029 and later. Existing plants are understood as
plants that went into operation before 2018-12-20 and for which a permit under the Fed-
eral Immission Control Act was already granted before 2017-12-19. New plants are under-
stood as plants that went into operation after 2018-12-20.

The old TA-Luft limit values can be complied with by using an oxidation catalytic con-
verter in the exhaust system. The reaction in the oxidation catalytic converter reduces car-
bon monoxide and formaldehyde accordingly. An appropriate engine setting ensures only
permissible nitrogen oxide emissions are released.

The nitrogen oxide emissions required by the new 44th BImSchV of BImSchV 100 mg/
Nm³ cannot be achieved with engine settings. SCR catalytic converters are therefore used
in the exhaust system. Selective catalytic reduction (SCR) converts the nitrogen oxides into
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nitrogen and water through the addition of a urea solution. As before, the reduction of
carbon monoxide and formaldehyde takes place in a downstream oxidation catalytic con-
verter.

Furthermore, in accordance with the 44th BImSchV, the emission of organic substances in
exhaust gas, indicated as total carbon, shall not exceed the limit value of 1300 mg/Nm3 in
any application.

Exhaust systems using selective catalytic reduction to reduce emissions must be adjusted
to ensure that the emission of ammonia is less than 30 mg/Nm3.

The 44th BImSchV is the implementation of the EU Directive (EU) 2015/2193 for Germany.
For plants outside of the EU, other provisions apply with regard to compliance with ex-
haust gas emission limit values.

The 44th BImSchV Section 24 (7) requires that operators of gas engine plants working un-
der the lean gas principle monitor and document the emissions of nitrogen oxides in the
exhaust gas of each engine as a daily mean value with suitable qualitative measuring
equipment. This can be calculated, for example, using NOx sensors. In order to implement
this requirement, all gas engine plants in operation within the scope of the 44th BImSchV
must be equipped with nitrogen oxide emission monitoring. It is irrelevant when which
limit values are valid. This applies equally to new plants and to existing plants. Compliance
with the currently valid limit value must be documented in accordance with the require-
ments of the 44th BImSchV.

Measuring position on the gas engine

The measurement of the exhaust emissions for gas engines with an exhaust turbocharger
takes place behind the exhaust turbocharger after an exhaust pipe length of at least
5 × exhaust pipe diameter.

The measurement of the exhaust gas emission for gas engines with multiple parallel ex-
haust turbochargers takes place behind the junction of the entire exhaust gas after an ex-
haust pipe length of at least 5 × exhaust pipe diameter.

In addition, the regional specifications for exhaust gas emission measurement must be
observed.

• Required information: Exhaust gauge connections [} 218]

Measurement of nitrogen oxide emissions

Depending on the engine control system used, Caterpillar Energy Solutions offers appro-
priate equipment for measuring nitrogen oxide emissions. For plants with the TEM sys-
tem, the recording, evaluation and storage of the measurement data takes place in the
EmiBox. Plants with the TPEM system are able to record, evaluate and store the measure-
ment data within the TPEM system itself. The components of which the measurement
data logging is made up (NOx sensor, measuring lance and connection accessories) are
the same for both versions.
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Measurement of nitrogen oxide emissions with EmiBox – Plants with TEM system

The following illustration shows the principle measuring configuration.

The EmiBox can be connected via PC or online. Its primary purpose is to record and store
the data required by the 44th BImSchV. These are the daily average values for nitrogen
oxide emissions based on an oxygen content of 5 % in the dry exhaust gas. Alongside the
nitrogen oxide emissions, the NOx sensor measures the oxygen content in the exhaust
gas. The EmiBox converts the daily average values for nitrogen oxide emissions based on
the reference oxygen content.

3759380875: Measurement of nitrogen oxide emissions with the EmiBox in the TEM system

1 EmiBox 2 Power supply

3 Signal line 4 Exhaust line

5 Temperature sensor 6 Measuring lance

7 Connection accessories 8 NOx sensor with control device

9 Terminal box

Measurement of nitrogen oxide emissions – Plants with TPEM system

For plants with the TPEM system, the role carried out by the EmiBox is taken over directly
by the TPEM system. For example, the peripheral components, i.e., NOx sensor, measuring
lance and connection parts, remain the same. TPEM CU or TPEM CB must be retrofitted in
order to connect the NOx sensor. The terminals, plugs and switches required for this are
part of the scope of delivery for NOx measurement. The following illustration shows the
principle measuring configuration.
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3759383563: Measurement of nitrogen oxide emissions with the TPEM system

1 TPEM Connection Box 2 TPEM CU

3 Example engine 4 TPEM Control Cabinet (TPEM CC)

5 Switchgear cabinet (e.g., HAS) with
TPEM I/O Controller (TPEM I/O)

6 Exhaust line

7 Temperature sensor 8 Measuring lance

9 Connection accessories 10 NOx sensor with control device

11 Terminal box

Notes on connecting NOx sensor to exhaust system

The NOx sensor is located outside the exhaust line. A measuring lance protrudes into the
exhaust line. The measuring lance consists of a tube into which a separating plate is in-
serted. This creates two flow channels for the constant supply and discharge of exhaust
gas at the sensor. At the open end of the lance, the separating plate is angled against the
direction of flow to form a spoon. For fault-free functioning of the probe, it is important
that the axis of the probe is perpendicular to the direction of flow of the exhaust gas. The
spoon must sit in the middle of the exhaust pipe and be aligned exactly against the direc-
tion of flow (see next illustration). The installation angle of the measuring lance may only
be selected so that it is above the horizontal to prevent condensate from flowing in.
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3759386251: Installation and alignment of the measuring lance in the exhaust pipe

1 To the NOx sensor 2 Measuring lance

3 Middle of the exhaust line 4 Insulation

5 Exhaust pipe 6 Exhaust gas flow

12.3.4 Exhaust systemExhaust piping

Because of the relatively high exhaust temperatures, heat expansion is quite considerable
(approx. 1 mm/m to 1.5 mm/m at 100 °C). To avoid unacceptably high stresses in the ex-
haust pipes, expansion joints must be fitted at suitable locations. The expansion joints
compensate for the heat expansion in the exhaust pipes and components.

Depending on how the exhaust line is laid, the supports should be fixed and movable.
They must not be supported on the exhaust turbocharger or the engine. The first fixed
point must be located directly after the expansion joint at the turbocharger outlet.

In particular, components integrated in the exhaust system must be protected against
stresses. Heat exchangers, catalytic converters, mufflers, etc., are protected against
stresses arising from the expansion of the exhaust pipes by fitting expansion joints on the
inlet and outlet sides of them. The exhaust expansion joints must be installed in accor-
dance with the manufacturer's directions. The permissible axial and lateral offset must be
complied with.

Required information

• Insulation [} 207]
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12.3.5 Exhaust systemInsulation

Because of the high operating temperatures, the exhaust system is permanently provided
with insulation. When installing pipes outside, a contact protection is only sufficient for
exhaust lines after exhaust heat exchangers. When designing the insulation of the exhaust
lines, the following point must be taken into account.

The insulation in the area of the flange connections and revision openings must be easy
to dismantle and reassemble. This is necessary because the screws on the flange connec-
tions and inspection openings must be inspected after the first 50 operating hours and
retightened if necessary. This also applies to continued operation if a leak occurs at a
flange connection or inspection opening.

12.3.6 Exhaust systemSulfur oxide in the exhaust gas

Some fuel gases, and in particular biogas, can contain small to large amounts of H2S. H2S
has the potential to cause damage to the engine and plant.

H2S in fuel gas is oxidized to SO2 and in small amounts to SO3 and water by burning in the
engine. If an oxidation catalytic converter is operated in the exhaust system, SO2 can oxi-
dize to SO3. SO2 can form sulfuric acid and SO3 with water. Sulfurous acid and sulfuric acid
can lie far above the dew point of the exhaust gas depending on their concentration. This
means that the presence of SO2 and SO3 in the exhaust gas can cause condensation of
sulfurous acid and sulfuric acid at high temperatures. The condensation of acids can take
place in particular in exhaust heat exchangers as well as when starting and shutting down
the engine.

These acids attack the exhaust system depending on their concentration. This can lead to
more or less severe corrosion or even the destruction of the component.

In particular with exhaust heat exchangers, in addition to the corrosive action of acids,
there is often a buildup of acids, reaction products of the acid attack and lube oil ash. This
often involves a clear increase in the pressure loss of the exhaust gas of the exhaust heat
exchanger and the outlet temperature of the exhaust gas.

With these problems, the water inlet temperature and the exhaust gas outlet temperature
of the exhaust heat exchanger play a decisive role. The water temperature has a strong in-
fluence on the temperature of the heat exchanger walls. If the water temperature is low,
there will be a correspondingly low wall temperature that lies only slightly above the wa-
ter temperature. The lower the water temperature is, the greater the risk is that the dew
point will be undercut. Therefore the following limits apply in relation to the exhaust gas
and water temperature of the exhaust heat exchanger for the indicated typical cases.

NOTE

All information about the limits of use for the exhaust heat exchanger and catalytic con-
verters only apply if more severe project-related limits were not indicated!
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Case 1

1. No oxidation catalytic converter is installed before the exhaust heat exchanger

2. H2S in the fuel gas: < 200 ppm (often H2S: < 10 ppm applies. This must be checked
for the specific project!)

• Design of the exhaust heat exchanger for an exhaust gas outlet temperature of
≥ 180 °C without area reserve

• The water inlet temperature in the exhaust heat exchanger must be ≥ 80 °C

Case 2

1. An oxidation catalytic converter is installed before the exhaust heat exchanger

2. H2S in the fuel gas: < 5 ppm1

Biogas

• Design of the exhaust heat exchanger for an exhaust gas outlet temperature of
≥ 180 °C without area reserve (≥ 100 °C rarely applies – this must be checked for the
specific project!)

• In this case, the water inlet temperature in the exhaust heat exchanger is ≥ 80 °C

Natural gas

• Design of the exhaust heat exchanger for an exhaust gas outlet temperature of
≥ 100 °C without area reserve

• In this case, the water inlet temperature in the exhaust heat exchanger is ≥ 80 °C

Case 3

1. An oxidation catalytic converter is installed before the exhaust heat exchanger

2. H2S in the fuel gas < 10 ppm

• Design of the exhaust heat exchanger for an exhaust gas outlet temperature of
≥ 180 °C without area reserve

• In this case, the water inlet temperature in the exhaust heat exchanger is ≥ 80 °C

The use of gross calorific value exhaust heat exchangers or exhaust heat exchangers un-
der operating conditions with low water and exhaust temperatures is possible in principle,
but must first be coordinated with the system manufacturer. Generally, it is safe to as-
sume that fuel gas must be technically free of H2S. The following then applies: At < 5 ppm
H2S in the fuel gas, the fuel gas is considered “technically free of H2S”. Peaks of H2S above
5 ppm are not allowed. Fuel gas desulfurization must be designed to be break-proof.

SO2 and SO3 do not have a harmful effect on the catalytically active materials of SCR and
oxidation catalytic converters.

To be able to estimate the SOx concentrations in the exhaust gas result from known H2S
concentrations in the fuel gas, in the case of lean-burn engines with an air ratio of 1.7 and
the ambient conditions of 20 °C and 60 % relative humidity, the following general state-
ments can be made.
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H2S in the fuel gas Sum from SO2 and SO3 in the
exhaust gas

ppm mg/Nm3 ppm mg/Nm3

Natural gas

80 – 100 % CH4

10 13.9 1.1 3.6

Biogas

50 % CH4

10 13.9 0.6 1.9

Table 26: Sulfur oxide in the exhaust gas

Without exhaust heat utiliza-
tion

With exhaust heat utilization
(exhaust heat exchanger)

No catalytic
converter

• Recommended with
< 200 ppm H2S in the fuel
gas.

• Above 200 ppm H2S in the
fuel gas, there can be consid-
erable condensation of sul-
furous acid, as a result of
which corrosion and forma-
tion of deposits in the ex-
haust system can be ex-
pected.

• With H2S contents far above
200 ppm, massive plant
faults and irreversible corro-
sion damage occur in a very
short period of time.

• Recommended with
< 200 ppm H2S in the fuel
gas.

• < 10 ppm H2S applies rarely
– this must be checked for
the specific project!

• Above 200 ppm H2S in the
fuel gas, there can be consid-
erable condensation of sul-
furous acid, as a result of
which corrosion and forma-
tion of deposits in the ex-
haust system can be ex-
pected.

• When using an exhaust heat
exchanger, increased corro-
sion and the formation of
deposits in the exhaust heat
exchanger and downstream
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Without exhaust heat utiliza-
tion

With exhaust heat utilization
(exhaust heat exchanger)

exhaust gas components can
be expected above 200 ppm
H2S.

• H2S contents above 200 ppm
lead to massive plant faults
and irreversible corrosion
damage within a short pe-
riod of time.

Oxidation cat-
alytic converter

• Recommended with
< 20 ppm H2S in the fuel gas.

• Above 20 ppm H2S in the
fuel gas, there can be con-
densation of sulfurous acid
and the formation of sulfuric
acid in the catalytic con-
verter, as a result of which
corrosion and formation of
deposits in the exhaust sys-
tem can be expected.

• With H2S contents far above
20 ppm, massive plant faults
and irreversible corrosion
damage occur in a very short
period of time.

• Brief H2S peaks in the fuel
gas between 20 and
1000 ppm do not lead to a
considerable increase in the
risk for damage to the plant
as long as they do not ex-
ceed a total of 100 h/a based
on 8000 operating hours per
year. If the gas engine plants
are operated with less than
8000 h/a, the 100 h/a must

• Mandatory at < 10 ppm H2S
in the fuel gas.

• Above 10 ppm H2S in the
fuel gas, there can be consid-
erable condensation of sul-
furous acid and the forma-
tion of sulfuric acid in the
catalytic converter, as a result
of which corrosion and for-
mation of deposits in the ex-
haust system can be ex-
pected. Irreversible corrosion
damage and the formation
of deposits can occur in par-
ticular in the exhaust heat
exchanger and downstream
exhaust gas components.

• Brief H2S peaks in the fuel
gas above 10 ppm are also
not permissible.

• H2S contents above 10 ppm
lead to massive plant faults
and irreversible corrosion
damage within a short pe-
riod of time.

• The harmful substance re-
duction performance in the
case of carbon monoxide
and formaldehyde is not re-
duced in the case of H2S
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Without exhaust heat utiliza-
tion

With exhaust heat utilization
(exhaust heat exchanger)

also be reduced proportion-
ally. A H2S peak is limited to
60 min.

• The harmful substance re-
duction performance in the
case of carbon monoxide
and formaldehyde is not re-
duced in the case of H2S
contents of up to 100 ppm.
Above 100 ppm this can
however be the case, so that
corresponding limit values
can no longer be complied
with.

contents of up to 100 ppm.
Above 100 ppm this can
however be the case, so that
corresponding limit values
can no longer be complied
with.

SCR catalytic
converter (with-
out oxidation
catalytic con-
verter)

• Recommended with
< 200 ppm H2S in the fuel
gas. The NOx reduction per-
formance of the catalytic
converter is not impaired.

• < 20 ppm H2S applies rarely
– this must be checked for
the specific project!

• Above 200 ppm H2S in the
fuel gas, there can be consid-
erable condensation of sul-
furous acid, as a result of
which corrosion and forma-
tion of deposits in the ex-
haust system can be ex-
pected.

• Recommended with
< 200 ppm H2S in the fuel
gas.

• < 10 ppm H2S applies rarely
– this must be checked for
the specific project!

• Above 200 ppm H2S in the
fuel gas, there can be consid-
erable condensation of sul-
furous acid, as a result of
which corrosion and forma-
tion of deposits in the ex-
haust system can be ex-
pected.

• When using an exhaust heat
exchanger, increased corro-
sion and the formation of
deposits in the exhaust heat
exchanger and downstream
exhaust gas components can
be expected above 200 ppm
H2S.
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Without exhaust heat utiliza-
tion

With exhaust heat utilization
(exhaust heat exchanger)

• With H2S contents far above
200 ppm, massive plant
faults and irreversible corro-
sion damage occur in a very
short period of time.

• Above 200 ppm H2S in the
fuel gas, the catalytic con-
verter can be damaged by
corrosion and the formation
of deposits.

• H2S contents above 200 ppm
lead to massive plant faults
and irreversible corrosion
damage within a short pe-
riod of time.

• Above 200 ppm H2S in the
fuel gas, the catalytic con-
verter can be damaged by
corrosion and the formation
of deposits.

SCR catalytic
converter with
oxidation cat-
alytic converter

• Recommended with
< 20 ppm H2S in the fuel gas.

• Above 20 ppm H2S in the
fuel gas, there can be con-
densation of sulfurous acid
and the formation of sulfuric
acid in the catalytic con-
verter, as a result of which
corrosion and formation of
deposits in the exhaust sys-
tem can be expected.

• With H2S contents far above
20 ppm, massive plant faults
and irreversible corrosion
damage occur in a very short
period of time.

• Brief H2S peaks in the fuel
gas between 20 and
1000 ppm do not lead to a
considerable increase in the
risk for damage to the plant
as long as they do not ex-
ceed a total of 100 h/a based
on 8000 operating hours per
year. If the gas engine plants
are operated with less than
8000 h/a, the 100 h/a must

• Mandatory at < 10 ppm H2S
in the fuel gas.

• Above 10 ppm H2S in the
fuel gas, there can be consid-
erable condensation of sul-
furous acid and the forma-
tion of sulfuric acid in the
catalytic converter, as a result
of which corrosion and for-
mation of deposits in the ex-
haust system can be ex-
pected. Irreversible corrosion
damage and the formation
of deposits can occur in par-
ticular in the exhaust heat
exchanger and downstream
exhaust gas components.

• Brief H2S peaks in the fuel
gas above 10 ppm are also
not permissible.

• H2S contents above 10 ppm
lead to massive plant faults
and irreversible corrosion
damage within a short pe-
riod of time.

• The harmful substance re-
duction performance in the
case of carbon monoxide
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Without exhaust heat utiliza-
tion

With exhaust heat utilization
(exhaust heat exchanger)

also be reduced proportion-
ally. A H2S peak is limited to
60 min.

• The harmful substance re-
duction performance in the
case of carbon monoxide
and formaldehyde is not re-
duced in the case of H2S
contents of up to 100 ppm.
Above 100 ppm this can
however be the case, so that
corresponding limit values
can no longer be complied
with.

• Above 200 ppm H2S in the
fuel gas, the catalytic con-
verter can be damaged by
corrosion and the formation
of deposits.

and formaldehyde is not re-
duced in the case of H2S
contents of up to 100 ppm.
Above 100 ppm this can
however be the case, so that
corresponding limit values
can no longer be complied
with.

• In case of an overdosage of
urea in combination with sul-
fur in the exhaust gas, am-
monium bisulfite can be
formed, which can deposit
on cold surfaces (such as the
exhaust heat exchanger) and
be corrosive.

Table 27: Influence of exhaust heat use on the sulfur oxide in the exhaust gas

12.3.7 Exhaust systemSilicon oxide in the exhaust gas

Organosilicon compounds are found mainly in landfill gases and sewage gases. Biogases
that were not generated only from native organic substrates can also contain these com-
pounds.

The organosilicon compounds are oxidized in the gas engine to SiO2 and cause damage
to the engine, mainly due to accelerated wear. Generally, the reduction performance of
the catalytic converter is reduced quickly, as its surface is coated with SiO2. There are no
known cleaning procedures that can restore the function of the catalytic converter.

If a fuel gas that contains organosilicon compounds is used as a fuel for gas engines, the
fuel must be cleaned using suitable procedures. If a catalytic converter is used, there shall
not be any measurable silicon in the fuel gas at any time. The operator shall ensure this by
providing measuring-technology proof on a regular and sufficiently frequent basis. Even
with silicon quantities below the validation limit, over time the smallest amounts of SiO2

can coat the surface of the catalytic converter and reduce its service life.O
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12.3.8 Exhaust systemDeflagration

All technically feasible prerequisites are created for gas engine gensets from Caterpil-
lar Energy Solutions in order to ensure the highest degree of safety against deflagrations
in the exhaust system. The following conditions can be viewed as the most critical for the
occurrence of deflagrations:

• The engine does not start and, as a result, gas-air mixture gets into the exhaust sys-
tem.

• The ignition fails because of a technical defect or the ignition is switched off in a fault
shutdown. In both cases the gas/air mixture flows into the exhaust system.

The components, functions and procedures that prevent the unrestricted transport of un-
burnt gas/air mixture into the system are described in the following.

Gas trains

All gas trains have two separate, electrically or electro-pneumatically operated, airtight
shut-off valves that are closed when the genset is at a standstill. An optional leakage
check before each genset start verifies whether the valves were secure whilst the genset
was at a standstill. During this time no fuel gas can get into the exhaust system. The shut-
off valves are controlled separately in a safety-oriented manner.

Start failure and start retry

In case of a start failure, e.g., fault in the plant's gas supply (bad gas or too low gas pres-
sure), an unburned gas-air mixture can enter the exhaust system. However, this mixture is
then outside of the ignition limit. However, the gas-air mixture can be considered non-
combustible, as even the enabled high-energy ignition system could not make it burn. In
this case, there is also no speed increase of the gas engine to the rated speed. No speed
increase means that the shut-off valves in the gas train close after the time specified in
the control system expires. The engine comes to a stop and conveys air into the mixture
system and exhaust system during this time. The ignition remains switched on until the
genset is at a standstill. If the start is repeated, more air is initially conveyed into the ex-
haust system through the flushing process described above. This continues to dilute the
non-combustible mixture from the previous start attempt.

It must be ensured that the zero pressure controller of the gas train is set correctly and
not incorrectly shifted. The regularly prescribed maintenance work on the gas-air mixer
must be carried out so that it does not lock. The TEM/TPEM control system issues a warn-
ing to show that maintenance of the gas-air mixer is required.

Only two repeats of the start-up can be carried out. If the gas engine does not start after
the second repeat of the start-up, a fault alert is triggered by the TEM/TPEM control sys-
tem. The gas engine genset can no longer start automatically. In order to manually start
again, the fault must be manually acknowledged. Before acknowledging, the cause of the
failure has to be eliminated. The temperature of the engine and exhaust system will con-
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tinue to be included in this consideration. If the gas engine and exhaust system are cold,
the temperature of the gas-air mixture is at a level similar to the ambient temperature. At
these temperatures the chance of a deflagration is excluded.

Therefore the probability of a deflagration of the unburnt gas/air mixture starts to be-
come greater if the gas engine is warm and the exhaust lines are hot.

Normal stop of the gas engine genset

For these shutdown processes, the shut-off valves of the gas train are firstly closed. The
ignition system remains in operation so that the unburnt mixture still in the system is
burnt inside the engine. The rotational energy of the rotating masses causes the speed to
decrease slowly and finally causes the gas engine genset to reach a standstill. The throttle
valve is left completely open during this phase. This ensures the best possible flushing of
the lines with air.

Ignition fault in operation

When the gas engine genset is operating, the function of each individual spark plug is
monitored. If a spark plug fails, the power of the gas engine genset is reduced and once
the generator switch is opened, the gas engine is stopped. During this time, unburnt gas/
air mixture gets into the exhaust system via the cylinder with the faulty ignition. This is
mixed with the exhaust gas from the other cylinders and diluted to the point that the
combustion air ratio is far outside the ignition limit. The carbon dioxide and water con-
tained in the exhaust gas pushes the ignition limit further up.

If the ignition system fails as a result of a technical fault, the genset is immediately shut
down by closing the gas valves in the gas train. In this case, the mixture lines on the gas
engine are still filled with the gas/air mixture. This mixture is then pushed into the exhaust
line as a “cold” lean mixture at a combustion air ratio of approx. 1.8. When the genset
continues to run until standstill, the mixture lines and exhaust lines are emptied.

Mixture quantities and air quantities

Cold engine start: Before starting the genset, i.e., before opening the gas valves, approx.
1.5 times the total swept volume of air is flushed through the genset. The engine does not
start if the control system detects a start failure and cancels the start. Until then 22 times
the total swept volume of the gas/air mixture is conveyed into the exhaust system. When
the genset runs until standstill, an additional total swept volume of air is flushed into the
exhaust system while the genset is cold.

Warm engine start: A warm engine has a higher starter speed and the air volume for
flushing before start up heats up on the hot exhaust lines. A flushing volume of approx.
3.5 times the total swept volume is flushed through the system. If the engine fails to start,
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approx. 60 times the total swept volume of the gas-air mixture is fed into the exhaust sys-
tem until the start procedure is aborted. When the warm genset comes to a stop, the ex-
haust system is flushed through with approx. 3 times the total swept volume of air.

Ignition fault at full load: Although the shut-off valves of the gas train are immediately
closed in the event of an ignition fault, the "cold" mixture present in the mixture lines gets
into the hot exhaust system with a combustion air ratio of approx. 1.8 and is heated up
there by the hot surfaces. The quantity of the mixture is approx. 40 times the total swept
volume. When the gas genset runs until standstill, the mixture and exhaust lines are
flushed with "cold" air, which also warms up on the hot surfaces of the exhaust system.
The quantity of air flushed through is approx. 100 times the total swept volume.

Exhaust temperatures

Gas engine gensets from Caterpillar Energy Solutions are operated with low exhaust tem-
peratures because of the high electrical efficiency. The exhaust temperatures reach ap-
prox. 400 °C at full load and approx. 470 °C at 50 % partial load when operated with natu-
ral gas. So the exhaust temperature does not pose any risk of deflagration in natural gas
operation.

Ignition sources in the exhaust system

In practice, there are two possible ignition sources in an exhaust system:

• Hot surfaces or a generally high exhaust line temperature.

• Ignition sparks in the exhaust system from electrostatic discharge

High temperature

If the exhaust temperature is at or above the ignition temperature of a mixture, the mix-
ture will ignite.

1. If the fuel gas is biogas or natural gas with an ignition temperature of approx. 700°C
(biogas) and approx. 600°C (natural gas), the ignition temperature will not be
reached. During partial load operation, the exhaust gas coming from the engine will
have a temperature of max. 580°C* when operated with biogas and 510°C* when op-
erated with natural gas. A temperature that is 90 K to 120 K below the ignition tem-
perature will be reliably maintained. *Temperatures during 50 % partial load opera-
tion + tolerance of 10 K.

2. If the fuel gas is CH4 with proportions of long-chain hydrocarbons and/or H2, the ig-
nition temperatures will be lower than for CH4. If there are correspondingly high pro-
portions of these highly flammable components in the mixture, the ignition tempera-
tures can therefore be significantly lower than 600°C. Associated petroleum gases,
coke oven gases and synthetic gases, in particular, can contain larger amounts of
long-chain hydrocarbons and can therefore cause deflagrations in the exhaust sys-
tem under normal operating conditions.
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Sum formula Designation Ignition tempera-
ture °C

Ignition limits in
air vol. %

CH4 Methane 595 4.4 – 16.5

C2H6 Ethane 515 2.7 – 15.5

C3H8 Propane 470 2.1 – 9.4

C4H10 n-butane 365 1.4 – 9.4

C5H12 n-pentane 260 1.8 – 8.7

… … … …

C8H18 n-octane 205 0.8 – 6.5

… … … …

H2 Hydrogen 585 4.0 – 75.6

Table 28: Overview of fuel gases and ignitability
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Electrostatic discharge

Differences in potential may arise between individual components of the exhaust system
or even between the pipes installed in the exhaust system because of electrostatic charge
and those differences may under some circumstances be discharged in a spark. If spark
discharge and the

gas/air mixture occur simultaneously in the exhaust system, there is an increased risk of a
deflagration.

On-site measures for reducing the risk of deflagrations

Despite all measures taken, events can generally rarely occur in which ignitable mixture
enters the exhaust line and ignites there, thus triggering a deflagration.

This can damage the exhaust line and the exhaust gas components. Insufficiently pres-
sure-resistant components, such as housings for mufflers, SCR catalytic converters as well
as catalytic converter blocks can be damaged or destroyed.

The following measures must be implemented on site to reduce the probability of a defla-
gration in the exhaust system or to further limit its possible effects.

• The protective equipotential bonding of the exhaust line and the components in the
exhaust system must always be designed according to TRGS 727 or other national
provisions.

• In addition, gas types with a significant amount of long-chain hydrocarbons, carbon
monoxide and / or hydrogen must be considered as having a reduced ignition tem-
perature in comparison to methane. As a result, the ignition of an unburnt mixture
must be expected even at normal exhaust temperatures. In this case, a technical re-
duction in pressure of the exhaust system must be implemented.

12.3.9 Exhaust systemExhaust gauge connections

The exhaust gauge connections offer the possibility to measure the exhaust gas emissions
and must be provided in the exhaust line in accordance with the requirements and speci-
fications. The following points provide an overview:

• The required nominal widths of the exhaust gauge connections, the mutual align-
ment of the exhaust gas connections and the respectively required straight inlet sec-
tion and outlet sections before and after the exhaust gauge connections must be ob-
served.

• When positioning, make sure that the exhaust gauge connections can be used in ac-
cordance with their intended purpose during later operation and that, for example,
no component hinders the introduction of measuring lances.
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• Access to the measuring points must be possible and safe for personnel. If exhaust
gauge connections are provided in the upper section of the exhaust stack, a station-
ary or mobile climbing aid is required. The version of the climbing aid must be clari-
fied with the person who performs the measurement.

• The installation of the exhaust gauge connections in the exhaust line must always
take place at a right angle to the exhaust line. Exhaust gauge connections must not
be facing down (below the horizontal) so that condensate cannot accumulate.

12.4 Exhaust systemComponents and parts

12.4.1 Exhaust systemOxidation catalytic converter

All gas engines operate on the lean-burn principle. Depending on the engine type and
emissions requirements, an oxidation catalytic converter is required for the carbon
monoxide and formaldehyde exhaust components.

Safety

If fuels with a hydrogen content of more than 1 vol.% are used, fuel mixture can enter the
exhaust system in the event of a failure of the ignition system. There, an unacceptable
temperature increase can occur in the oxidation catalytic converter as a result of hydro-
gen oxidation.

WARNING

Explosive combustion of fuel mixture in exhaust system in case of engine ignition failure
due to hydrogen oxidation

This can lead to severe injury or even death.

• Hydrogen oxidation already occurs at normal exhaust temperatures. If the exhaust
temperature reaches 590 °C, explosive ignition of the entire fuel system is possible.
To prevent this, suitable measures for explosion protection must be taken into ac-
count and implemented during planning

Storage

• If the catalytic converter is wet, it must be protected from the effects of freezing.

• The catalytic converter must be stored such that it is protected from dust.

Assembly

• The catalytic converter is usually the first component in the exhaust system after the
exhaust turbocharger.

• Anchor points or crane or crane rails can be helpful for the installation and removal
of catalytic converters.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Exhaust system

220
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

• The catalytic converter insulation must be designed in such a way that it can be easily
dismounted in order to clean or replace the catalytic converter.

• Always install catalytic converter housings free of tension if possible to prevent dam-
age to the catalytic converter. Expansion joints absorb the length changes in the ex-
haust line caused by heat and reduce axial and radial applications of force.

• The catalytic converter is installed before the muffler, in order to prevent obstruction
due to the detachment of absorbent wool.

– Note: Mineral wool occupies the inlet openings in the catalytic converter chan-
nels and leads to an increase in the exhaust back pressure and to reduced harm-
ful substance reduction performance. It is not easy to remove the mineral wool
from the ducts of the catalytic converter.

• Installation after a pure reflection muffler is permissible provided that exclusively
stainless steel parts are used in the exhaust path.

• In order to protect them against overheating, the catalytic converters should only be
installed in the exhaust system when the engine has been adjusted and is running
trouble free. This applies to both initial commissioning and subsequent maintenance
work.

Operation

• Misfiring must be avoided as non-combusted fuel in the catalytic converter can lead
to undesired after-burning with unduly high exhaust temperatures.

• Temperatures above approx. 600 °C may lead to premature aging and also to dam-
age to the catalytic converter as the temperature increases.

• The catalytic converter is usually destroyed above 700 °C.

• A temperature-monitoring device must be provided after the catalytic converter,
which will cut off the fuel supply if the exhaust temperature is too high.

– Note: In particular with fuel gases with a high content of long-chain hydrocar-
bons or carbon monoxide, this can lead to oxidation of the hydrocarbons at the
catalytic converter if combustion is incomplete in the engine. If there is no tem-
perature monitoring with shutdown of the fuel gas supply, this can lead to a
rapid rise in the temperature. Above 590 °C, the methane contained in the ex-
haust gas can oxidize at the catalytic converter and overheat to the point of its
destruction.

• Deflagration in the exhaust pipe can lead to the mechanical destruction of the cat-
alytic converter if the client has not provided explosion flaps.

– Required information: Deflagration [} 214]

• Low-ash, low-alloy engine oils must be used in order to minimize deposits of lube oil
ash in the catalytic converter. Blockages of the ducts caused by lube oil incineration
ash can significantly impair the functioning of the catalytic converter.
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• Moisture or solvents must be prevented from affecting the catalytic converter; pass-
ing through the dew point when starting up and shutting down the engine is an ex-
ception to this rule.

• Usually, the use of oxidation catalytic converters is only permissible if the fuel gas has
been finely desulfurized beforehand. When using exhaust heat exchangers after an
oxidation catalytic converter, desulfurization is especially important.

– Required information: Fuel gas system [} 159]

– Required information: Sulfur oxide in the exhaust gas [} 207]

• The use of oxidation catalytic converters is only possible if the exhaust gas is free of
organosilicon hydrocarbons.

– Required information: Silicon oxide in the exhaust gas [} 213]

• The following elements are harmful to the catalytic converter and must be avoided in
the fuel gas: silicon, sodium, calcium, lead, bismuth, mercury, manganese, potassium,
iron, arsenic, antimony, cadmium, zinc, phosphor, halogen.

Maintenance

• In larger engines, the catalytic converter housing weighs far more than 100 kg, so this
must be taken into account during planning. Anchor points or crane or crane rails can
be helpful for the installation and removal of catalytic converters.

• If the flange connections are opened to clean the catalytic converter or exchange the
catalytic converter, new seals must be fitted.

• The catalytic converter can be cleaned when a dust or fiber coating is the cause of
the lowered reduction performance

NOTE

Suitable and permissible cleaning procedures must be selected. When doing so, compli-
ance with health measures must be observed. Dust can be respirable. The dust layer must
not be blown off. Dust must only be extracted using a suitable industrial vacuum cleaner
with a fine dust filter.

12.4.2 Exhaust systemSCR catalytic converter with integrated oxidation catalytic converter

The required nitrogen oxide emissions cannot always be reached through engine settings.
With the aid of an SCR catalytic converter, nitrous oxides in the exhaust gas can be limited
below the required limit value. Usually, the reduction of carbon monoxide and formalde-
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hyde takes place in the oxidation catalytic converter installed after the SCR level. Further-
more, the reducing agent ammonia is made harmless in the case of overdosage of reduc-
tion agent in the oxidation catalytic converter due to oxidation.

The specifications for oxidation catalytic converters must be taken into account with re-
gard to storage, assembly, operation and maintenance.

• Required information: Oxidation catalytic converter [} 219]

In deviation from this, the following limits apply for the exhaust temperature:

• Temperatures above approx. 500 °C may lead to premature aging and also to dam-
age to the catalytic converter as the temperature increases.

• The catalytic converter is usually destroyed above 530 °C.

• Temperature monitoring before an SCR catalytic converter is required if it is techni-
cally possible to exceed 500 °C. A controlled shutdown is required when exceeding
500 °C to protect the catalytic converter.

The exhaust temperature limits specified above can deviate depending on the project and
depending on the catalytic converter manufacturer.

Design of an SCR catalytic converter with integrated oxidation catalytic converter

An SCR system essentially consists of the components shown:

3761766283: Example illustration

1 Catalytic converter housing with cat-
alytic converter blocks

2 Injection line
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3 Injection lance 4 Urea dosing unit

5 SCR control 6 Urea tank

7 Measuring lance with NOx sensor 8 Temperature sensors

Urea tank and metering technology

For the operation of an SCR catalytic converter, an aqueous urea solution is usually re-
quired as the reaction agent. This urea solution must be kept in reserve in sufficient quan-
tity and quality and injected into the exhaust line upstream of the SCR catalytic converter
by means of a urea metering device. The metering technology components must be posi-
tioned in such a way that the resulting hose line lengths and discharge heads do not ex-
ceed the permissible limits. The following illustrations show the basic layout and permissi-
ble hose lengths.

3761781771: Basic layout

1 Injection lance 2 3-way valve

3 Compressed air line 4 Dosing pump

5 Venting line 6 Suction line

7 Urea tank 8 Foot valve
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3881223563: Hose lengths and discharge heads

1 Steadily rising

or horizontal < 10 m

2 < 2 m

3 > 0 m 4 < 30 m

5 < 10 m 6 < 10 m

7 < 10 m

A urea tank must be provided for reserves. This must at least be equipped with level mon-
itoring and, if necessary, heating if there is a risk of frost. The urea solution must be pro-
tected from direct sunlight and high temperatures, as urea decomposes at high tempera-
tures and when exposed to sunlight.

The urea metering device, which is always included in the scope of delivery of the SCR
catalytic converter, must be installed according to the specifications in the following over-
view to enable reliable operation of the SCR catalytic converter. If the limits of hose
lengths and/or discharge heads cannot be complied with for specific orders, individual
solutions must be implemented in consultation with CES.

12.4.3 Exhaust systemSCR catalytic converter without integrated oxidation catalytic converter

The use of SCR catalytic converters without an oxidation catalytic converter is possible,
but rare. It only serves to reduce the NOx content in the exhaust gas.

• Required information: The general descriptions in chapter SCR catalytic converter
with integrated oxidation catalytic converter [} 221]
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The specifications for oxidation catalytic converters must be taken into account with re-
gard to storage, assembly, operation and maintenance.

• Required information: Oxidation catalytic converter [} 219]

In deviation from this, the following limits apply for the exhaust temperature and sulfur
dioxide in the exhaust gas:

• Temperatures above approx. 505 °C may lead to premature aging and also to dam-
age to the catalytic converter as the temperature increases.

• The catalytic converter is usually destroyed above 530 °C.

• Temperature monitoring before an SCR catalytic converter is required if it is techni-
cally possible to exceed 500 °C. A controlled shutdown is required if a temperature of
500 °C is exceeded in order to protect the catalytic converter.

• Special catalytic converters that withstand higher temperatures can be used with ex-
haust temperatures above 500 °C.

• In the case of an SCR catalytic converter without an oxidation catalytic converter,
slightly higher values of sulfur dioxide can be tolerated in the exhaust gas

– For more information: Sulfur oxide in the exhaust gas [} 207]

The exhaust temperature limits specified above can deviate depending on the project and
depending on the catalytic converter manufacturer.

12.4.4 Exhaust systemExhaust muffler

The task of an exhaust muffler is to dampen the exhaust noise to a required level. The
mufflers used take the form of reflection mufflers, absorption mufflers, or combination
mufflers. Reflection mufflers achieve their maximum damping in the lower 125 Hz to
500 Hz frequency range. Absorption mufflers reach their maximum damping effect in the
frequency range of 250 Hz to 1000 Hz.

In the case of combination mufflers, the first part is designed as a reflection muffler and
the second as an absorption muffler. The combination muffler brings together the charac-
teristics of both muffler types and thereby achieves a significant silencing effect over a
broad frequency range.

If the required damping of the exhaust gas noise cannot be reached with a muffler, then
usually an additional muffler must be installed in series. An expansion joint must be in-
stalled between the mufflers to reduce structure-borne noise.

• For more information: General [} 292]

Operation

• The exhaust mufflers expand at operating temperature. Floating bearings and expan-
sion joints must be provided accordingly.
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12.4.5 Exhaust systemExhaust flaps

In most applications, the exhaust systems are designed separately for each engine. In
these systems, exhaust flaps are used for bypassing exhaust components.

With exhaust systems where multiple engines must be connected to one common ex-
haust line, exhaust flaps are used to disconnect the individual engine from the common
exhaust line. This is, for example, the case if the exhaust gas of several engines is com-
bined for the operation of a common absorption chiller.

Exhaust flaps are not completely tight in the fully closed position, there is always a small
amount of leakage flow. The requirements concerning the tightness of exhaust flaps have
to be considered with the individual application demands.

By-passing components in the exhaust system

For by-passing exhaust components, such as exhaust heat exchangers and/or steam gen-
erators, exhaust flaps are used. They are driven by an electric or pneumatic actuating
drive. A manual drive is also possible. They simply have an open/close function and no
control function. Preferably, butterfly valves combinations are used, for which two butter-
fly valves are opened and closed in the opposite direction via a coupling rod.

Multi-engine plants with common exhaust line

For multi-engine plants with a common exhaust manifold, exhaust gas must be prevented
from uncontrolled backflow. Uncontrolled backflow of exhaust gas to an engine currently
not in operation causes corrosion. There are different options to avoid backflow of ex-
haust gas by a corresponding arrangement of exhaust flaps. They are described in the fol-
lowing.

Exhaust flap arrangement with separate exhaust pipe

With this version of the exhaust system, an exhaust flap is arranged behind the engine in
the line. Using a bypass flap combination, the exhaust gas is either led to the common ex-
haust manifold or into the open air via a separate exhaust pipe (see next illustration).
When the engine is at standstill, the exhaust flap behind the engine (butterfly valve 1) and
the butterfly valve to the common exhaust manifold (butterfly valve 2) are closed. The
butterfly valve in the line to the outlet to the open air (butterfly valve 3) is open. The com-
mon exhaust manifold is overpressurized when the other engines are running. There is a
slight leakage flow via exhaust flap 2 into the space between. As the leakage flow is com-
parably small and free cross section of the exhaust line to the open air comparably large
(butterfly valve 3 open), the leaking gas flows to the open air. The engine is protected by
closed butterfly valve 1. Before starting the engine, exhaust flap 1 behind the engine is
opened. The exhaust gas first flows through the open exhaust flap 3 into the open air.
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When the engine is started up, the exhaust path to the open air is closed by switching the
exhaust bypass flap combination. At the same time, the path to the common exhaust pipe
is opened. This structure has the following advantages:

• Each engine can be operated individually, i.e., it is independent of the conditions in
the common system.

• Each engine can be started without exhaust back pressure.

With power-driven operation, the exhaust heat can be adjusted to the active demand by
switching the bypass to the open air. This arrangement is highly recommended with sev-
eral engines connected to one common exhaust system.

3761792267: Common exhaust system with bypass to the open air

1 Exhaust flap 1 2 Exhaust flap 2

3 Exhaust flap 3 4 Bypass to open air

5 Exhaust manifold 6 Gas engine

Exhaust flap arrangement with air lock

With this system, there are two shut-off flaps in the exhaust line to the common exhaust
pipe. The flaps can be opened and closed simultaneously via an actuating drive. The seal-
ing air line is connected in the space between both butterfly valves. Sealing air is supplied
via a fan with a downstream shut-off flap (see next illustration). When the engine is at a
standstill, both exhaust flaps (butterfly valves 1 and 2) are closed. Sealing air is blown into
the space between the butterfly valves. The pressure of the locking air must be higher
than the maximum exhaust back pressure in the exhaust manifold. The volume flow of the
sealing air must be greater than the leaking rate of the exhaust flaps. There is no possibil-
ity of exhaust backflow from the exhaust manifold to the engine when the engine is not
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running. Before starting the engine, both exhaust flaps are opened, shut-off flap 3 after
the fan is closed and the sealing air fan is switched off. The engine has to start at the in-
creased exhaust back pressure present in the exhaust manifold.

Advantage: No additional line to the open air is necessary.

3762870155: Common exhaust system with air lock

1 Exhaust flap 1 2 Exhaust flap 2

3 Air flap 4 Exhaust manifold

5 Gas engine

Exhaust flap arrangement with intermediate venting

Also with this system, there are two shut-off flaps in the exhaust line to the common ex-
haust pipe. The flaps can be opened and closed simultaneously via an actuating drive. The
venting line is connected in the space between both butterfly valves. The leakage gas in
the space between the exhaust flaps is extracted by an extractor fan with an upstream
shut-off flap and routed into the open air (see next illustration). When the engine is at a
standstill, both exhaust flaps (butterfly valves 1 and 2) are closed. A slight negative pres-
sure is maintained in the space between the butterfly valves by the extractor fan. The
leakage gas flowing via the exhaust flaps is routed to the open air via the extractor fan.
Leakage gas flowing into the engine when not running is avoided. Before starting the en-
gine, both exhaust flaps are opened, shut-off flap 3 before the fan is closed and the ex-
tractor is switched off. The engine has to start at the increased exhaust back pressure
present in the exhaust manifold.

Disadvantage: A separate line to the open air must be provided, but the cross section is
comparably small in relation to an exhaust line as shown in the illustration below.
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3762872843: Exhaust flap arrangement with intermediate venting

12.4.6 Exhaust systemExhaust stack

Especially in the vicinity of residential areas, it is necessary to avoid impermissible engine
exhaust gas emissions. Exhaust stacks are used to transport the exhaust gas up to a high
level in the atmosphere.

The exhaust stacks must be insulated to avoid condensation in the exhaust system. If the
exhaust stack is not or not completely isolated, this can lead to undercutting the dew
point and therefore the formation of condensation during operation. This can cause con-
siderable corrosion.

The speed of the exhaust gas in the exhaust stack should be between 15 m/s and 20 m/s.
Above 20 m/s, there is a risk of resonance vibrations with undesired noise emission. A
high outlet speed leads to a dynamic increase in effective stack height and improves the
dispersal of the gases, but it also increases the flow noise.

The draft effect of the exhaust (depending on the stack height) decreases the back pres-
sure in the exhaust system. However, installing deflector hoods at the mouth of the ex-
haust stack can partially or even entirely offset the exhaust stack draft. In unfavorable
cases a back pressure should also be expected in the exhaust stack.

Exhaust stacks must be equipped with a continuous condensate drain valve and rainwater
runoff. The amount of rain, ice and snow that enters must be minimized.

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Exhaust system

230
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Compressed air system 13

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 231

13 Compressed air systemCompressed air system
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13.1 Compressed air systemSystem overview
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3619792523: Simplified example illustration

A Starting system (high pressure) B Low pressure system (option)

1 Compressed air container 2 Compressed air compressor

3 Condensate drain 4 High-pressure shut-off valve

5 Compressed air control line and com-
pressed air starter on the genset

6 Connection fittings

7 Outflow for low pressure system (op-
tion)

8 Gas train with compressed air con-
nection (only for certain fuel gases)

13.2 Compressed air systemStructure and function

13.2.1 Compressed air systemStarting system

Compressed air starter

Some engine models start with compressed air. The start is carried out with a compressed
air starter via a gear ring on the flywheel. The table below shows the starting systems
used for the various series.
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Engine series Compressed air starter Electric starter

TCG 3016 X

TCG 2020 X X (Default)

TCG 3020 X

TCG 2032 X

Table 29: Series and starting systems

3881224075: Starting air system for an engine with compressed air starter

1 Compressor 2 Oil separator

3 Pressure gauge 4 Non-return valve

5 Compressed air container 6 Condensate drain valve

7 High-pressure shut-off valve 8 Dirt trap

9 Pressure controller 10 Safety valve

11 Starting valve 12 Starter

13 Control valve 14 Pressure switch for compressor ON/
OFF
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15 Pressure sensor for display and evalu-
ation in the TEM system and TPEM
system

As shown in the illustration, the compressor (1) fills the compressed air container (5) via
the non-return valve (4) and the oil separator (2). The compressed air container (5) is
equipped with a water separator (6). The filling pressure of the container is read from the
pressure gauge (3). Compressed air gets to the starter valve (11) via the high-pressure
shut-off valve (7) and the dirt trap (8). When the start command is initiated, the control
valve (13) opens the starter valve and the starter (12) is pressurized with compressed air.
The engine starts.

Low-pressure air system

In the gas train of TCG 2032 series engines, the pneumatic shut-off valves are supplied
with compressed air at max. 10 bar. The starter group is equipped by default with a low-
pressure connection for supplying a gas train with pneumatic valves. If gas trains with so-
lenoid valves are used, the low-pressure connection is not used.

13.3 Compressed air systemRequirements and guide values

Compressed air quality

The compressed air must be free from dust and oil. The compressors and air filtration
must be designed accordingly.

13.4 Compressed air systemCompressed air system components

13.4.1 Compressed air systemCompressors

Redundant diesel or electric compressors are provided with the appropriate equipment
for pressure released starting. Compression generally takes place in two stages with inter-
mediate cooling. The compression pressure is 30 bar. The design must be matched to the
total volume of the connected compressed air containers.

13.4.2 Compressed air systemCompressed air container

Compressed air containers are designed as either vertically or horizontally installed con-
tainers. The container volume depends on the number and types of the connected en-
gines. Other factors include the required number of starts to be achieved without refilling
the air containers. Compressed air containers must be drained regularly. A drain facility
must be fitted at the lowest point of the compressed air containers. Horizontal containers
must be installed with a slope towards the base of the container, so that they can be
properly drained through the base. Generally automatic drainage facilities must be pro-
vided. These must always be arranged beneath the container; the condensate line from
the container to the drain must always be laid with a continuous slope.
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13.4.3 Compressed air systemCompressed air pipes

An oil and water separator must be installed in the filling pipe between the compressor
and the compressed air container if this is not provided on the compressor.

The starting line between the compressed air container (head of container) and the main
starter valve of the engine must be as short as possible and must have as few elbows as
possible. Dependent on how the pipes are laid, an automatic drain facility must be fitted
at the lowest points. It is recommended that a dirt trap with drain-off valve be installed in
the starter line. When fitting the dirt trap, pay attention to the orientation (sieve always to
be removed from below) and the direction of flow. The dirt trap is a component of the
start system for gensets with a compressed air starter.

In the case of multi-engine plants, a ring circuit may increase the starting availability of
the system.

Welding deposits and any other contamination must be avoided in the compressed air
line. The starting air lines must always be stainless steel pipes.

Required information

• Material for piping [} 333]

13.5 Compressed air systemSafety notes
When carrying out work on the engine, it is essential to shut off the compressed air sup-
ply to the engine to prevent the engine from being started unintentionally.
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14 Control systems and switchgearControl systems and switchgear
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14.1 Control systems and switchgearSystem overview

14.1.1 Control systems and switchgearControl systems

The genset and auxiliary systems are controlled by the TEM system or the TPEM system,
depending on the series. Both control systems have a very different structure and func-
tion.

The following illustrations show a selection of typical control components for a genset
with a TEM system or TPEM system as examples. They serve as an overview of the most
important differences in the arrangement of components and operation between TEM
and TPEM systems.

14.1.2 Control systems and switchgearTEM system

Important components for genset control

3597238155: Simplified example illustration

1 Genset control (AGS), short connec-
tion line (positioned close to the
genset or switchgear room if a short
distance away)

2 Genset with actuators and sensors

3 Auxiliary cabinet (HAS) 4 Operating computer as the central
HMI for installation in a switchgear
cabinet
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5 Multi Function Relay (TEM MFR) with
operating elements as the interface
to the power input for installation in a
switchgear cabinet

6 Grid Demand Interface (GDI) for grid
code applications

7 TEM I/O Controller as the interface to
various auxiliary systems for installa-
tion in a switchgear cabinet

TEM system with switchgear

3703325451: Simplified example illustration

1 Genset control (AGS) 2 Auxiliary cabinet (HAS)

3 Generator circuit breaker cabinet
(GLF) for low-voltage power output

4 Master control cabinet (ZAS) as the
superior switchgear cabinet for multi-
module plants
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14.1.3 Control systems and switchgearTPEM system

Important components for genset control

3671902859: Simplified example illustration

1 TPEM Control Cabinet (TPEM CC) with
TPEM Touch Panel as the central HMI,
long connection line possible (posi-
tioning in switchgear room recom-
mended)

2 Genset with actuators, sensors, and
one or more controllers (TPEM CU),
depending on the genset series

3 TPEM Connection Box for assembly-
friendly connection to the TPEM CC

4 Controller for engine control
(TPEM CU)

5 Auxiliary cabinet (HAS) 6 TPEM I/O Controller as the interface
to various auxiliary systems for instal-
lation in the auxiliary cabinet (HAS)

7 TPEM Grid Code I/O Controller for
grid code applications
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TPEM system with switchgear

3703324939: Simplified example illustration

1 TPEM Control Cabinet (TPEM CC) 2 Auxiliary cabinet (HAS) for TPEM sys-
tem

3 Generator circuit breaker cabinet
(GLF) for low-voltage power output

4 Master control cabinet (ZAS) as the
superior switchgear cabinet for multi-
module plants

14.2 Control systems and switchgearStructure and function of the TEM system

14.2.1 Control systems and switchgearStructure and function

Components

The TEM-EVO system comprises the following components:

• Genset control cabinet (AGS) complete with connected cables to the genset; contains
the genset control and the safety chain. The length of cable between the gas engine
and genset control cabinet (AGS) is 8 m (optionally 15 m).

• I/O Controller for installation in the auxiliary cabinet (HAS), with max. 250 m distance
from the genset control cabinet (AGS); data transfer via a fail-safe CAN bus connec-
tion
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• Grid Demand Interface (GDI) for installation in the auxiliary cabinet (HAS) for the im-
plementation of specific requirements of the grid code that applies at the operating
site

• Operating computer with touch screen for installation in the auxiliary cabinet (HAS)
or external control cabinet. Max. 100 m distance from genset control cabinet; cabling
to comprise shielded 3-core line.

• Multi Function Relay (TEM MFR) for installation in the auxiliary cabinet (HAS) for com-
munication with the generator controller and the generator circuit breaker (GCB)

This layout minimizes the time it takes for cabling in the plant. The genset control cabinet
(AGS) is mounted in immediate proximity to the genset. Together with the factory-tested
engine cabling, the cables fitted and tested on the genset control cabinet (AGS) and con-
nected to the genset (with plug connections on the genset end) ensure smooth commis-
sioning and a high level of operational reliability.

Signals relating to the power part are exchanged with the TEM-EVO system directly in the
auxiliary cabinet (HAS) via the I/O Controller. Data is transferred to the genset control via
a fail-safe CAN bus connection.

The operating computer can be located on the plant as desired, if required in the auxiliary
cabinet (HAS) or in the control room. The max. distance to the genset control cabinet
(AGS) is 100 m.

Function

The TEM system is the brain of the entire gas engine module. The TEM system contains:

• Control functions, regulation functions and monitoring functions for the genset gas
engine and generator

• Optional control functions, regulation functions and monitoring functions for com-
patible auxiliary equipment (e.g., dump cooling, heating circuit control)

• HMI for operation and monitoring by the operator

The TEM system regulates and optimizes the combustion of gas in the cylinders. Through
its monitoring functions, it protects the genset against impermissible boundary conditions
and guarantees long service life. Thanks to the integrated regulatory functions, it ensures
optimum, reproducible engine status values in all operating conditions.

The integral short-term history and long-term history store the relevant measured values
on retentive data storage media and provide a transparent view of its own procedures.

The functions described in the following chapters are integrated in modular form in the
TEM-EVO system. In addition, thanks to a wide range of options, the TEM-EVO system can
optionally be adapted to specific application cases. For example, the anti-knock control
(AKC), genset room ventilation, open-loop control and closed-loop control of the radia-
tors in the heating circuit, engine circuit, dump cooling circuit and mixture cooling circuit
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can be adapted. Further adjustments are possible by using parameterizable measured val-
ues, counter values and control loops, CH4 value guided operation, etc. Simple operation,
a high level of operational reliability and optimized economic efficiency is the result.

14.2.2 Control systems and switchgearOperation log and history

The recording functions of the electronic operation log kept by the TEM-EVO system take
the place of a manual operation log. All operating messages and operationally relevant
switching actions as well as all parameter changes are recorded with a precise time stamp
(date and time).

As a whole, the TEM-EVO system can monitor and distinguish between over 600 different
events. The TEM-EVO system makes it possible to provide fast and detailed analyses of
genset operation, including TEM-EVO-controlled auxiliary functions.

The history function records up to 84 measured values. Up to 20 measured value curves
can be jointly illustrated in one graph. The user can compile the measured value curves
themselves. TEM-EVO records histories at three speed stages.

History Speed stages

Operating cycle history Records actual values in each operating cycle

(1 operating cycle = 2 crankshaft revolutions)

6 min. history Records current values at one second intervals

40 h history Records 6 min. measured values

Table 30: History function

14.2.3 Control systems and switchgearDiagnostics and service functions

In addition to the history and operation log, the basic TEM-EVO system also includes fur-
ther diagnostic functions and service functions. Diagnostic functions and service functions
aid the early detection of abnormalities and make it possible to optimize plant operation.
Error situations can be remedied faster. Commissioning becomes easier and faster using
these functions. This contributes decisively towards the overall economic efficiency of the
gas engine set.

The following service and diagnostic functions are available:

• Auxiliary genset test mode

• Digital speed governor

• Electronic ignition system

• Parameterization

• Oil change

• Electronic operating hour meter
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• Selection of language and selection of printer

• System setup (software versions, serial numbers, color settings, screen saver, etc.)

• Other diagnostic masks and service masks for some options (e.g., anti-knock control,
dual gas operation)

The service masks and diagnostic masks, like all other masks, can also be transmitted op-
tionally by analog modem, radio modem, or IP modem (internet). In this way, remote di-
agnostics and remote repair can be provided with very short response times via our Cus-
tomer Service or the operator's own on-call staff. It is possible to operate several TEM-
EVO systems via a central operating computer, if one is available.

14.2.4 Control systems and switchgearTechnical data (AGS)

Genset control cabinet

Cable inlets from below

Standard dimensions (H x W x D) 1200 × 800 × 300 mm

Degree of protection IP54

Permissible operating temperature 5 °C to 45 °C

Table 31: Technical data for the genset control cabinet

I/O Controller

Dimensions (H x D) 112 × 114.5 mm

Width depending on number of options

Degree of protection IP20

Permissible operating temperature 5 °C to 45 °C

Table 32: Technical data for the I/O Controller

Operating computer

Dimensions (H x W x D) including front plate 311 × 483 × 101 mm

Installation depth 95 mm

Mounting cutout (H x W) 282 × 454 mm

Degree of protection (front-side) IP 65

Permissible operating temperature 5 °C to 40 °C

Table 33: Technical data for the operating computer
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14.2.5 Control systems and switchgearInstallation notes for the I/O Controller

The I/O Controller must be installed in a horizontal 35 mm top-hat rail (DIN EN 60715) in
a switchgear cabinet. The modules must be installed vertically (see next illustration), so
that sufficient ventilation is guaranteed. The distance between two cable ducts should be
200 mm (at least 160 mm). Along with the IO module, space is provided for possible
retrofitting of other IO modules. This space must not be blocked by other components
when installing the controller in the switchgear cabinet.

3693538443: I/O Controller

1 red: bus coupler module COS 2 black: power module PM1S and
PM2S, PM2S shown

3 blue: I/O module DIM8 4 blue: spare parts module DIM8

5 green: I/O module DOM8 6 green: spare parts module DOM8

7 yellow: I/O module AIM2 8 yellow: spare parts module AIM2

9 gray: I/O module AOM2 10 gray: spare parts module AOM2
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3695392395: Installation of the I/O Controller in the switchgear cabinet

14.2.6 Control systems and switchgearAdvantages for the user

TEM-EVO offers the user the following advantages:

• Compact structure and integration of numerous additional peripheral functions such
as heat recovery, etc.

• High engine efficiency by controlled operation at optimum operating point.

• Permanently low exhaust emissions.

• High level of plant reliability thanks to automatic plausibility checks.

• Rapid elimination of faults thanks to the display of measured values and warning
messages and fault messages.

• Fast, cost-effective service thanks to extended diagnostics options backed up by
short-term history and long-term history.

• Effective remote operation and remote diagnostics via the central control room or
other external computers by telephone modem or radio modem (option).

• Additional remote diagnostics options from the Service via telephone modem (op-
tion).
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14.3 Control systems and switchgearStructure and function of the TPEM system

14.3.1 Control systems and switchgearStructure and function

Structure

4815731595: Structure of the TPEM system using a TCG 3016 as an example
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* Optional

1 TPEM USB token and TPEM USB stor-
age

2 TPEM Remote Client Desktop
(TPEM RC DT)

3 TPEM Rendezvous Server (TPEM RVS) 4 Remote Asset Monitoring (RAM) with
optional monitoring services

5 External control, e.g., the operator’s
superior energy supply plant (EZA)
control

6 Communication line to the grid oper-
ator

7 Auxiliary cabinet (HAS) 8 Connected auxiliary systems, actua-
tors and sensors

9 TPEM Connection Box (TPEM CB) 10 TPEM Control Unit (TPEM CU)

11 TPEM Control Cabinet (TPEM CC)

The TPEM system is the newly developed control system and regulation system for oper-
ating an energy generation plant with gas engine gensets. TPEM is the abbreviation for
“Total Plant & Energy Management”. Comprehensive monitoring functions protect the
gas engine genset and the plant components associated with it from exceeding imper-
missible limits. The monitoring functions thus guarantee ready availability and long ser-
vice lives. The TPEM system is structured in modules and can be flexibly adjusted to the
local conditions.

The system is initially available for the TCG 3016 and TCG 3020 series.

The TPEM system comprises the following main components:

• TPEM Control Unit (TPEM CU)

– The TPEM Control Unit includes the components of the TPEM system that are
mounted on the gas engine genset. The interface to the TPEM control system
forms the TPEM Connection Box mounted on the genset. The maximum possible
distance between the TPEM Connection Box and the TPEM control system is
100 meters. The cable bundle between TPEM CC and TPEM CU can be ordered
from CES or must be performed by the customer according to the cable specifi-
cation provided by CES.

• TPEM Control Cabinet (TPEM CC)

– The TPEM Control Cabinet is the control cabinet with hard-wired 15" touch panel
for operation. The TPEM Control Cabinet controls and regulates the gas engine,
the generator and the auxiliary drives as well as the generator circuit breaker and
mains circuit breaker. The interfaces for it are the TPEM I/O Controller and the
TPEM Multi Function Relay. The TPEM Control Cabinet still includes the TPEM
Remote Plant Gateway for remote access and the safety chain certified by TÜV.

• TPEM I/O Controller (TPEM I/O)
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– The TPEM I/O Controller creates the interface between the TPEM system and the
auxiliary drives. The I/O Controller is installed in the auxiliary cabinet (HAS). The
signals for controlling the auxiliary drives are supplied, the power supply for the
auxiliary drives is to be provided separately. The distance between the TPEM
Control Cabinet and TPEM I/O Controller must not exceed 100 meters.

• TPEM Rendezvous Server (TPEM RVS)

– The TPEM Rendezvous Server enables access to the TPEM system with a TPEM
Remote Client via the internet.

• TPEM Remote Client (TPEM RC)

– The TPEM Remote Client is the piece of software used for visualization of the
TPEM system on a computer. It differentiates between two access modes:

– a) for the Caterpillar Energy Solutions service: remote diagnostics and remote
maintenance of the plant

– b) for the operator: remote operation and remote monitoring of the plant

• TPEM USB token

– The TPEM USB token regulates authentication for local access and remote access
to the TPEM system.

• TPEM PLE

– The TPEM PLE permits the integration of the TPEM system into the technologies
and services of Remote Asset Monitoring (RAM).

Function

The TPEM system comprises all functions that are required to ensure a reliable, comfort-
able regulation and control of the gas engine genset and the plant associated with it.
These functions are:

• Control of the actuators and signal analysis of the sensors on the TPEM I/O Controller
in the auxiliary cabinet (HAS); data transfer to and from the TPEM Control Cabinet
(TPEM CC).

• Test mode for verification of connected actuators, sensors and auxiliary drives.

• Recording of measured values (history) for checking and diagnostic purposes.

• Integrated data processing and monitoring of the sensors and actuators for electrical
faults such as cable break and short-circuit.

• Recording of alarms, warnings, operating messages and parameter changes with
their dates and times of occurrence. The recordings are used for detailed monitoring
of the operation.O
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• Possibility for the connection of a service laptop to a service PC interface directly on
the TPEM Control Cabinet.

• Operator access to the TPEM control via Rendezvous Server and TPEM Remote Plant
Gateway e.g., for remote diagnostics, remote maintenance and connection to a local
network.

Depending on plant-specific features, the TPEM system can be expanded and flexibly ad-
justed with special functions.

14.3.2 Control systems and switchgearTPEM Control Cabinet (TPEM CC)

The following illustration shows the TPEM CC. All the necessary terminal strips for con-
necting the TPEM CC are in the bottom of the switchgear cabinet (see area marked red in
the illustration).

Furthermore, the TPEM CC allows for cables to the connection terminal to enter from
above. A pre-punched perforated plate is fitted in the ceiling of the switchgear cabinet
(see upper gray arrow in the illustration). The cables connected from above are guided to
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the connection terminals in the lower part of the switchgear cabinet via the cable ducts
installed on the side walls (see lower markings in the illustration). The relevant cable spec-
ification must be taken into account for the wiring from the TPEM CC to the TPEM CB.

3693569163: TPEM Control Cabinet (TPEM CC)

TPEM MFR

The MFR (Multi Function Relay) contained in the TPEM Control Cabinet controls the gen-
erator circuit breaker and, when necessary, the mains circuit breaker. Except in island op-
eration and island-parallel operation, information on the status of the mains circuit
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breaker must be available for the MFR. Furthermore, the MFR supports the following gen-
erator protection functions and mains protection functions in accordance with the ANSI
standard.

Generator protection function

Number as per ANSI/IEE C37-2 Function

81O/U Overfrequency and underfrequency

59/27 Overvoltage and undervoltage

51 V Time-dependent overcurrent

50 Present overcurrent

46/47 Unbalanced load (not permissible in Germany)

32/32 R Overload and reverse power

25 Synchronization check

Table 34: Generator protection function

Mains protection function

Number as per ANSI/IEE C37-2 Function

81O/U Overfrequency and underfrequency

59/27 Overvoltage and undervoltage

78 Time-dependent overcurrent

25 Synchronization check

Table 35: Mains protection function

Notes on TPEM Control Cabinet

• The base of the TPEM Control Cabinet can be split up to reduce its height. This can
produce base heights of 100 mm and 200 mm (see illustration above).

• It is recommended that the TPEM Control Cabinet be set up in an air-conditioned
switchgear room.

• The maximum distance from the gas engine genset (TPEM Connection Box) is
100 meters.

• Pre-assembled cables with lengths of 25, 50, 75 and 100 meters are available as order
options for connecting the TPEM Connection Box and the TPEM Control Cabinet. If
necessary, a further adjustment of the length of the cables can be carried out. The ca-
ble specification is provided by Caterpillar Energy Solutions.
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14.3.3 Control systems and switchgearInstallation notes for the TPEM I/O Controller

The I/O Controller must be installed in a horizontal 35 mm top-hat rail (DIN EN 60715) in
a switchgear cabinet. The modules must be installed vertically (see next illustration). In or-
der to guarantee sufficient ventilation, the distances shown in the following illustration
must be observed.

3693639819: TPEM I/O Controller - Installation dimensions

1 Clear space above I/O modules 2 Distance from side panel

3 Clear space below I/O modules 4 Distance from side panel

14.3.4 Control systems and switchgearTechnical data

TPEM Control Cabinet (TPEM CC)

Dimensions (H x W × D) 2200/2100 × 800 × 600 mm

Degree of protection IP45

Permissible operating temperature 5 °C to 45 °C

Cable inlet alternatively from the bottom or from the top

Table 36: TPEM system technical data
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TPEM I/O Controller

Dimensions without grid code (W × H × D) 340 × 100 × 70 mm

Dimensions with grid code (W × H × D) 500 × 100 × 70 mm

Degree of protection IP20

Permissible operating temperature 5 °C to 45 °C

14.3.5 Control systems and switchgearOperation of the TPEM system

Easy operation of the TPEM system is ensured by an intelligent operating computer with a
15" touch panel that can be used intuitively to access all functions. The operator can use
the navigation bar to quickly and directly change the mask displayed to operate the
genset. Each operating mask informs the operator of the current status of the connected
genset. All regulation functions, service functions, control functions, and monitoring func-
tions can be operated conveniently without a lengthy training period. Communication
with the user can take place in English, German, and over 20 other system languages. The
language can be changed at any time by pressing a button. Service work may be tempo-
rarily performed in a different language to that used by the site staff.

14.3.6 Control systems and switchgearLogbook

The operating logbook of the TPEM system ensures transparent operation of the gas en-
gine genset, its peripheral components and the mains connection. All operating messages
and operationally-relevant switching actions as well as all parameter changes are
recorded with a clear time stamp (date and time). As a whole, the TPEM system is able to
monitor and distinguish between over 600 different events. This makes it possible to pro-
vide a fast and detailed analysis of the genset operation, including the TPEM-controlled
auxiliary functions.

14.3.7 Control systems and switchgearHistory

The History function records all measured values. These can be displayed together in a
single diagram when needed. The user can compile the measured value curves them-
selves.
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14.3.8 Control systems and switchgearDiagnostic functions and service functions

In addition to the history and operating messages, the TPEM system contains additional
diagnostic functions and service functions that contribute significantly to the high avail-
ability of the gas-engine module. Commissioning also becomes easier and faster using
these functions.

Masks for service and diagnostics are available for:

• Auxiliaries test mode

• Electronic ignition system

• Parameterization

• Oil change

• Operating hour counter

14.4 Control systems and switchgearSwitchgear cabinets and modules

14.4.1 Control systems and switchgearAuxiliary drives control and supply - Auxiliary cabinet (HAS)

In addition to the TEM system and TPEM system, a typical plant includes one cabinet for
auxiliary drives, synchronization and generator protection for each genset, as well as the
appropriate charging equipment. Auxiliary drives include all power supplies for pumps,
control valves, butterfly valves, fans, radiators etc. The synchronization function ensures
synchronous connection to the mains by precision balancing. Control of engine speed is
balanced to the mains frequency under consideration of voltage and phase relation. Gen-
erator protection covers all necessary and recommended monitoring facilities for genera-
tors as per ISO 8528-4.

Multi Function Relay

For TEM systems, the TEM MFR is located in the auxiliary cabinet (HAS). The TEM MFR
corresponds to the TPEM MFR in TPEM plants.

• For more information: TPEM Control Cabinet (TPEM CC) [} 250]

Buffer battery

A separate voltage supply with 24 V must be ensured via a buffer battery. Among other
things, this serves to keep the plant sensor system and plant control system active even in
the event of a power failure. Furthermore, it ensures that the ignition can still be active in
the event of a power failure. This is usually necessary when the genset runs down so that
residual amounts of ignitable mixture in the engine are completely burned off and no ig-
nitable mixture enters the exhaust pipe.
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14.4.2 Control systems and switchgearPower part - Generator circuit breaker cabinet (GLF)

GLF for voltages in the low voltage range

The power part includes the generator circuit breaker (GCB). The current transducers are
also located in the power part. In the case of voltages < 1 kV, the voltage is tapped di-
rectly from the rail.

In accordance with the control technology monitoring concept, an undervoltage coil
opens the GCB in response to the situation.

GLF for MV voltage plants in the medium voltage range

The power part includes the generator circuit breaker and the corresponding transformers
to protect the generator. The current and voltage transducers are likewise located in the
power part.

14.4.3 Control systems and switchgearCentral plant control - Master control cabinet (ZAS)

The ZAS is used for central control of several gensets. The functionality depends on the
project engineering. The ZAS includes:

• Integrated PLC (Programmable Logic Controller)

• Local operating level via touch panel

Functions of the ZAS for the individual gensets:

• Automatic or manual selection and deselection

• Genset power demand

• Specification of the operation mode (grid-parallel operation, island operation, back-
up power mode)

• Mains consumption control

• Load share

Possible additional functions of the ZAS:

• Controlling the different operation modes

• Gas type selection

• Mains failure monitoring

• Controlling and monitoring the lube oil supply and waste oil disposal (lube oil service
tank, waste oil tank)

• Controlling and supplying central pumps

• Controlling and supplying central dump cooling facilities

• Monitoring and controlling a heat storage tank

• Gas tank level-dependent operation

• Controlling and supplying the ventilation system
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• Controlling and supplying the gas warning system

• Controlling and supplying fire safety facilities, etc.

In addition, a manual operating level must also be provided to allow local control of the
plant in the event of a failure of the process management system.

14.4.4 Control systems and switchgearGrid Demand Interface (GDI) module and TPEM Grid Code I/O Controller

The Grid Demand Interface (GDI) PLC module implements the control functions stipulated
in the grid code regarding active power, reactive power and connection in TEM systems
and TPEM systems at the energy supply unit level. It provides the required interfaces to
the genset, operator of the energy supply plant and grid operator. Control of the entire
energy supply plant (EZA controller) by the GDI is not provided. It is a closed system
whose functionality may not be modified or extended by anyone outside Caterpillar En-
ergy Solutions.

The functions for fulfilling the grid connection regulations include, for example:

• Checking the connection conditions for voltage and frequency in the normal state

• Checking the connection conditions for voltage and frequency after mains decou-
pling

• Active power limitation by grid operator via digital and analog specifications (as part
of the grid safety management)

• Frequency-dependent active power adjustment at overfrequency and underfre-
quency (Limited frequency sensitive mode - underfrequency and over frequency,
LFSM-U and -O)

• Selection of required active power ramps at various grid conditions (normal opera-
tion, setpoint value specification by third party (direct sales), active power limitation
by grid operator, LFSM, connection after mains decoupling of the energy supply unit)
operating modes for the provision of reactive power, such as:

– Cos(f) specification

– Q(U) characteristic curve

– Q(P) characteristic curve

– Reactive power specification with voltage limitation

• Parameterizable switchover of the reactive power mode or relevant setpoint as reac-
tion upon failure of the telecontrol connection to the grid operator
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14.5 Control systems and switchgearNotes for planning and implementation
When equipping and installing switchgear systems, in addition to the generally acknowl-
edged rules of engineering, particular attention should be paid to the following regula-
tions:

• Low Voltage Directive 2014/35/EU

• EMC Directive 2014/30/EU

• DIN EN 50156-1:2016-03

• DIN VDE 0100 Part 0410 (IEC 60364-4-41)

• VDE 0660-600-2 (DIN EN 61439-2, IEC 61493-2)

• If applicable DIN EN 602014-1 and DIN EN 60204-1

• DGUV regulation 3, Electrical installations and equipment

• UL 508, CSA 22.2

When working in control cabinets and switchgear cabinets with electric assemblies,
DIN EN 61340-5-1 (IEC 61340-5-1) must be observed. Handling electrostatically sensitive
components (e.g., circuit boards) is set out in the service bulletin (explicit reference is
made here to DIN EN 61340-5-1).

The switchgear systems must be designed for ambient temperatures of 0 °C to 40 °C and
for a relative humidity of 5 % to 70 %. An exception to this is the TEM control cabinets. In
these, the internal temperature of the switchgear cabinet may rise to 45 °C.

If necessary, the lost heat of the switching device combinations must be dissipated by
means of thermostatic controlled ventilators in order to avoid exceeding the permissible
internal temperatures. Switchgear rooms must always be air-conditioned. The air condi-
tioning keeps the temperature and relative humidity at a constant level. Direct sunlight
contact on the cabinets is to be avoided by means of an appropriate arrangement. Con-
densation in the switchgear cabinet must be prevented by taking appropriate measures.
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15 Power grids and genset connectionPower grids and genset connection
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15.1 Power grids and genset connectionGrid-parallel operation

15.1.1 Power grids and genset connectionSystem overview

The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3620530571: Simplified example illustration of a typical energy supply plant with grid-parallel con-
nection

A Power grid of a mains operator B Energy supply plant (EZA) of a plant
operator with grid-parallel connec-
tion to the power grid

C Closed-loop control or open-loop
control of the entire energy supply
plant and communication with grid
operator

D Complete energy supply unit (EZE)
from CES

1 Switchgear with generator circuit
breaker (GCB), auxiliary cabinet (HAS)
and TPEM Control Cabinet (TPEM CC)
or genset control cabinet (TEM-AGS),
depending on the control system

2 Genset for generating power and
heat
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15.1.2 Power grids and genset connectionStructure and function

The participation of central large power stations, decentralized energy supply plants (EZA)
and many consumers is characteristic of an interconnected grid (e.g., a medium-voltage
network). All power generators are connected in parallel (grid-parallel operation) and
generate their AC voltage in the interconnected grid synchronously to the phase position
and frequency.

An energy supply plant consists of one or more energy supply units and a superior con-
trol. The open-loop and closed-loop control is subdivided according to functionality into:

• Switchgear components for open-loop and closed-loop control of the energy supply
unit (EZE) which ensure the desired quality of the voltage for the demanded electrical
power

• Switchgear components for energy distribution or energy infeed of the superior en-
ergy supply plant (EZA) into an interconnected grid

In order to connect an energy supply plant (EZA) with its energy supply units (EZE) electri-
cally to an interconnected grid, comprehensive specifications from the grid operator and
higher-level authorities must be complied with. Specific proof of conformity is required
for a grid connection authorization. The type of proof differs from region to region, and
should be coordinated with the manufacturer of the energy supply unit during the project
planning phase.

15.1.3 Power grids and genset connectionGrid code requirements

15.1.3.1 Power grids and genset connectionGeneral

Grid codes regulate, among other things, the behavior of power generation plants on the
public power grid and, in some cases, on island grids under certain operating conditions.
The relevant grid operator specifies the grid code according to the demands of the mains
in consideration. For this, the grid operator takes into account regulations coordinated
and laid out in associations, as well as national, European, or international committees.

15.1.3.2 Power grids and genset connectionGrid code in Germany: Energy supply plants' connection to and parallel operation with
the medium-voltage network and high-voltage network

Power grids and genset connectionGeneral

Photovoltaic plants, wind power plants, hydroelectric plants and plants with gas engine
gensets are becoming increasingly important. The increasing significance is based on the
progressive decentralization of power generation through these plants within the mains
power supply. The connection requirements of power generators in the medium-voltage
network or high-voltage network in Germany are specified in the following directives:

• Energy supply units in the medium-voltage network: VDE-AR-N 4110

• Energy supply units connected to the high-voltage network: VDE-AR-N 4120

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Power grids and genset connection

262
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

According to this new directive, gas engine gensets shall also engage in the static and dy-
namic grid support alongside photovoltaic plants, wind farms and hydroelectric power
plants. Further requirements for active power output, mains feedback, protection settings
and connection conditions, for example, must be complied with. In this context, gensets
from Caterpillar Energy Solutions are counted as type 1 energy supply units (EZE) due to
their synchronous generators being directly coupled to the grid.

Power grids and genset connectionStatic voltage stability

Static voltage stability refers to voltage stability in the medium-voltage network or high-
voltage network for normal instances of operation. Slow voltage changes in the distribu-
tion grid are kept within tolerable limits.

Power grids and genset connectionDynamic grid support

In the medium-voltage network or high-voltage network, dynamic grid support refers to
voltage maintenance in the event of short-term voltage dips and voltage rises. Voltage
stability prevents large feeder lines from disconnecting and the network from collapsing.

Power grids and genset connectionRequirements for the gas engine genset

With the technical conditions described above, the requirements for the gas engine
genset have changed. Static and dynamic grid support requires a change in the operation
of the plant.

In accordance with the new medium-voltage directive/high-voltage directive, other re-
quirements have to be taken into account:

• Increased voltage range and frequency range

• Power change over frequency

• Power limitation by grid operator

• Variable cos(φ), variable reactive power and reactive power curves

• Dynamic grid support

• Decoupling protection on the energy supply unit

• Connection conditions in normal operation and after mains decoupling

Fault Ride Through (FRT) capability

During a sudden change in voltage, the Fault Ride Through (FRT) capability of an energy
supply plant or an energy supply unit maintains the grid connection for a certain time and
backs up the grid during this time by feeding in reactive power.

The borderlines in the following illustrations describe this type of dynamic grid support.
Outside the limit curves, immediate disconnection from the mains is permitted.
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3691240587: Borderline for the voltage profile at the grid connection point (in the event of FRT) for
a type 1 energy supply plant (medium-voltage network)

A Upper FRT limit curve B Lower FRT limit curve for triple
pole errors (type 1)

C Lower FRT limit curve for double
pole errors (type 1)

D According to ability (dashed line)

t Time in seconds UNAP/UC Ratio of actual mains voltage to
agreed supply voltage
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3691242251: Borderline for the voltage profile at the mains connection point (in the event of an
FRT) for a type 1 energy supply plant (high-voltage network)

A Upper FRT limit curve B Lower FRT limit curve for triple
pole errors (type 1)

C Lower FRT limit curve for double
pole errors (type 1)

D According to ability (dashed line)

t Time in seconds UNAP/UN Ratio of actual mains voltage to
mains rated voltage

In many cases, the agreed supply voltage UC is equal to the rated voltage UN of the grid,
but a different supply voltage can also be defined by the grid operator.

The dynamic grid support lays down high technical requirements for the gas engine
genset. The genset control and the components (e.g., moment of inertia of the generator)
must be adapted for safe operation in the event of an FRT. It is important to ensure that
auxiliaries installed in the energy supply plant comply with the requirements.

For a complete overview of the applicable requirements, please refer to the above-men-
tioned guidelines. During the planning, construction and commissioning of the energy
supply plant (EZA), it is important to ensure that all requirements are implemented. This
concerns requirements for the individual EZE as well as for the entire EZA.

In each individual project, it is necessary to check which directives must be complied with
by the main operator's subscriber at the designated installation site of the gensets, which
requirements thus apply to the genset as an EZE controller and which must be imple-
mented on a higher level, e.g., by an EZA controller, a central control system or higher-
level decoupling protection. Accordingly, it is necessary to check to what extent the scope
of delivery of Caterpillar Energy Solutions can comply with the requirements imposed on
it, as this can vary on a project-specific basis between a pure energy supply unit and an
energy supply plant within the meaning of the grid connection rules.
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Power grids and genset connectionCertification of the gas engine gensets

The suitability of the energy supply plant (EZA) for operation in the medium-voltage net-
work or high-voltage network must be validated and confirmed with a certificate by a cer-
tification body accredited according to DIN EN ISO/IEC 17065.

The certifier issues a type-specific EZE certificate for the energy supply unit (EZE), in which
the relevant technical properties of the EZE are described and evaluated and instructions
are given for the integration of the EZE in an EZA and for the EZA certification. These must
be complied with. If the properties of the relevant safeguards are not identified in the EZE
certificate, the conformity validation is fulfilled by a component certificate of the relevant
manufacturer. However, this is only the case if all framework conditions are fulfilled.

Following completion of the complete EZA, the certifier issues an EZA certificate. In a final
EU declaration of conformity, the certifier checks the correspondence between the prop-
erties of the plant actually installed and the properties of the plant specified in the EZA
certificate after commissioning and the associated commissioning declaration.

A calculation model carries out validation of the capacity for dynamic grid support of the
gensets. The calculation model is created in commercial grid calculation software as part
of the EZE certification and validated by the certification body using measurement data.
The measuring results for selected gensets are recorded in a type test: A test device de-
signed for this causes voltage changes according to the illustrations in chapter Require-
ments for the gas engine genset [} 262] with a defined residual voltage and a specified
duration. The test device records representative electrical and mechanical variables occur-
ring before, during and after the fault. These variables are thus available for comparison
with the results of a simulation of these tests. Finally, stability investigations follow with a
worst-case variation of the simulation parameters in order to investigate the most critical
cases that can occur in reality.

Further details on the verification process and the IBN, including forms, can be found in
the aforementioned guidelines. The EZE certificate is part of the customer documentation.
The associated evaluation report, other attached documents and the calculation model
are made available by Caterpillar Energy Solutions to the certification body entrusted with
EZA certification directly after conclusion of a non-disclosure agreement.

15.1.3.3 Power grids and genset connectionInternational grid code

In addition to Germany, there are country-specific regulations in other countries, both
within and outside the EU, which specify requirements for energy supply plants of differ-
ent power classes with connection to certain grid levels. In view of the increase in decen-
tralized power input and supply with renewable energy, more and more countries are re-
vising or have already revised these regulations.

In Europe, a comprehensive set of regulations for electricity grids has been drawn up by
the European Network of Transmission System Operators for Electricity ENTSO-E. The reg-
ulation “Network Code Requirements for Generators (NC RfG)” defines the framework
conditions and limits for requirements for energy supply plants as an EU directive. Coun-
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try-specific directives and regulations define the connection of energy supply plants to
the public grid in accordance with the NC RfG. Since the adoption of the NC RfG, this pro-
vision has to be taken into account in the country-specific directive of the grid code.

A standard for the grid code applicable in Europe was prepared by CENELEC (European
Committee for Electrotechnical Standardization). EN 50549 formulates requirements for
the connection of energy supply plants to the low and medium voltage distribution grid.
An associated standards section, which describes the tests on energy supply units that are
necessary for the verification procedure is also available.

Both the requirements for energy supply units and plants and the respective verification
process differ, in some cases considerably, from country to country. Therefore, it is impor-
tant to check in each individual case which guidelines must be complied with at the des-
ignated installation site of the gensets by the grid operator's subscriber, which require-
ments thereby apply to the genset as an EZE and which must be implemented on a higher
level, e.g., by an EZA controller, a central control system or higher-level decoupling pro-
tection. Accordingly, it is necessary to check to what extent the scope of delivery of Cater-
pillar Energy Solutions can comply with the requirements imposed on it, as this can vary
on a project-specific basis between a pure energy supply unit and an energy supply plant
within the meaning of the grid connection rules.

Available guideline-specific disclaimers or manufacturer's declarations from Caterpillar
Energy Solutions must be observed.

15.2 Power grids and genset connectionIsland operation and island-parallel operation

15.2.1 Power grids and genset connectionSystem overviews

15.2.1.1 Power grids and genset connectionIsland operation

The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.
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3903076875: Simplified example illustration of a typical energy supply plant with island operation

A Island grid with equipment for energy
distribution and load control

B Energy supply plant (EZA)

C Closed-loop control or open-loop
control of the entire energy supply
plant and communication with the is-
land grid

D Energy supply unit (EZE) from CES
with gensets and switchgear

1 Switchgear with generator circuit
breaker (GCB), auxiliary cabinet (HAS)
and TPEM Control Cabinet (TPEM CC)
or genset control cabinet (TEM AGS),
depending on the control system

2 Genset for generating power and
heat

15.2.1.2 Power grids and genset connectionIsland-parallel operation

The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.
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3903077387: Simplified example illustration of a typical energy supply plant with island-parallel op-
eration

A Island grid with equipment for energy
distribution and load control

B Closed-loop control or open-loop
control of the entire energy supply
plant and communication with the is-
land grid

C Modular energy supply units (EZE)
from CES with gensets and
switchgear

1 Island connection point with trans-
formers, etc.

2 Mains circuit breaker (MCB) for the is-
land connection with measurement
devices, etc.

3 Generator circuit breaker cabinet
(GLF) for every energy supply unit

4 Switchgear with auxiliary cabinet
(HAS) and TPEM Control Cabinet
(TPEM CC) or genset control cabinet
(TEM AGS), depending on the control
system

5 Gensets for generating power and
heat

6 Master control cabinet (ZAS) for con-
trolling the gensets O
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15.2.1.3 Power grids and genset connectionIsland-parallel operation with grid connection

The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is just an exam-
ple.

3903078283: Simplified example illustration of a typical energy supply plant with island-parallel op-
eration and grid connection

A Island grid with equipment for energy
distribution and load control

B Power grid of a mains operator

C Closed-loop control or open-loop
control of the entire energy supply
plant and communication with grid
operator and island grid

D Modular energy supply units (EZE)
from CES with gensets and
switchgear

1 Mains and island connection points
with transformers, etc.

2 Mains circuit breaker (MCB) for the
grid connection and island connec-
tion with measurement devices, etc.

3 Generator circuit breaker cabinet
(GLF) for every energy supply unit

4 Switchgear with auxiliary cabinet
(HAS) and TPEM Control Cabinet
(TPEM CC) or genset control cabinet
(AGS), depending on the control sys-
tem

5 Gensets for generating power and
heat

6 Master control cabinet (ZAS) for con-
trolling the gensets
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15.2.2 Power grids and genset connectionStructure and function

15.2.2.1 Power grids and genset connectionGeneral

On the electrical side, there are different possibilities for operating gas engines. In the
majority of cases, the engines run parallel to the public mains. The public mains is viewed
as a large system with very high inertia. Load acceptance and load rejections of individual
consumers do not cause any drop or increase in the level of voltage or frequency. Gas en-
gines were developed and designed for grid-parallel operation with optimized efficiency.
However, in some cases, the customer has no or no continuous public mains access avail-
able. For this reason, island operation or island-parallel operation is available as an op-
tional feature.

Two possibilities of island operation are classified:

• Island operation or island-parallel operation after a switchover from grid-parallel op-
eration

• Island operation without public mains access

15.2.2.2 Power grids and genset connectionIsland operation

In island operation with a gas genset, it is not possible to control the power of the gas
genset via the TEM system or the TPEM system. In this case, the power controller is deac-
tivated and the speed control maintains a constant frequency. In island operation, the
TEM system or the TPEM system on its own can have no effect on the load of the genset.
For this reason, the boundary conditions such as inlet air temperature and engine cooling
water inlet must be followed. Therefore, the load acceptance to any gas genset and the
load rejection – especially for the highly turbocharged gas gensets (TCG 3016, TCG 2020,
TCG 3020, TCG 2032) – must be controlled by the customer's load management system.
For this case, maximum permissible load steps for each gas genset have been defined.

Required information

• Transient performance capability (island operation) [} 55]

15.2.2.3 Power grids and genset connectionIsland-parallel operation

For island-parallel operation with gas gensets, the whole plant concept must be planned
in detail from the beginning of the planning process. Therefore, the single line diagram
and the knowledge of the customer's consumers (real starting power and start-up charac-
teristic) are required in order to achieve a good project status. This applies especially to
the starting power and start-up characteristic of large consumers like pumps and ventila-
tors. Another important measure is to analyze the grounding concept for the whole plant.
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For island-parallel operation a digital or analog (recommended) load share is required. It
is strongly recommended that these are also ordered through Caterpillar Energy Solu-
tions Mannheim. Plants with the TPEM system, load share is possible via the internal
TPEM MFR CAN bus. A start-up and shutdown of the gensets must be implemented
higher-level in the ZAS or in the customer control room.

15.2.2.4 Power grids and genset connectionIsland-parallel operation after a switchover from grid-parallel operation

In normal operation, the gas gensets run parallel to the public mains. The gensets are
controlled by the power controller of the TPEM system. The frequency and voltage level
of the gensets is set by the public mains. The single line diagram in the illustration below
shows a typical layout for an emergency power supply.

In the event of a mains failure, the mains circuit breaker is immediately opened. In the
best-case scenario, the gas gensets will continue to supply the consumers of the cus-
tomer plant without interruption, otherwise there is a risk of a shutdown with total power
failure for the entire system:

• If there is a mains failure, the mains circuit breaker is opened and the gas genset will
supply the consumers on the plant.

• The gas engine auxiliary drives are supplied by an auxiliary drive transformer (voltage
supply provided by the operator).

• Normally, this transition from grid-parallel operation to island operation causes rapid
load changing.

• If this load changing exceeds the relevant load steps, the exhaust turbocharger of the
gas engine starts to pump and, in extreme cases, the gas engine is switched off.

To solve this problem, various solutions are available which will be coordinated according
to the requirements of the whole plant during project planning. It is important to analyze
the behavior of the gas engines together with the consumers to create an suitable con-
cept.
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3691467403: Island-parallel operation and grid-parallel operation (TPEM system)
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3691469067: Island-parallel operation and grid-parallel operation (TPEM system)

1 Auxiliary cabinet (HAS) for genset 1 2 Master control cabinet (ZAS)

3 Auxiliary cabinet (HAS) for genset 2 4 Generator power field (GLF) genset 1

5 Generator power field (GLF) genset 2 6 Mains circuit breaker (MCB) public
access

7 Power supply with internal grid 8 Power supply with public mains ac-
cess

9 TPEM Control Cabinet (TPEM CC) for
genset 1

10 Genset 1

11 Genset 2 12 TPEM Control Cabinet (TPEM CC) for
genset 2

15.2.2.5 Power grids and genset connectionIsland-parallel operation without a public mains

In island operation, it is important to analyze the start procedure and the load acceptance
as well as the load rejection. In some cases, it is necessary to provide an emergency diesel
or an uninterruptible power supply system (UPS system) to supply the auxiliary drives for
prelubrication and aftercooling.

Further information

• Transient performance capability (island operation) [} 55]
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The single line diagram in the illustration below shows a typical layout for this island-par-
allel operation. The functionality is as follows:

• An emergency diesel distribution is connected to the 400 V distribution, which is
started first to supply the auxiliary drives

• Then the first gas genset starts and supplies the customer's consumers and the auxil-
iary drives via the auxiliary transformer. The load share and load-dependent starting
and stopping is implemented via the ZAS

• Now the diesel genset can be stopped. If the operator wants to stop the whole plant,
all gas gensets except one are stopped one after another. The stopped gas engines
are cooled down

• The diesel genset is now started and synchronized with the auxiliary busbar

• After this, the switch of the auxiliary drive transformer can be opened

• The last gas genset can then be stopped and also cooled down. The heat discharge
after the genset is switched off is primarily to prevent the exhaust turbocharger from
overheating

• When the after-cooling period has elapsed, the TEM system or TPEM system will stop
the genset auxiliary drives and the diesel genset can be stopped as well

The switchover of the power supply for the auxiliary drives can be obtained via an ATS
(Automatic Transfer Switch).
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3693384843: Island-parallel operation without a public mains
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3693386507: Island-parallel operation without a public mains

1 Auxiliary cabinet (HAS) for genset 1 2 Master control cabinet (ZAS)

3 Auxiliary cabinet (HAS) for genset 2 4 Generator power field (GLF) genset 1

5 Generator power field (GLF) genset 2 6 Mains circuit breaker (MCB) public
access

7 Power supply with internal grid 8 TPEM Control Cabinet (TPEM CC) for
genset 1

9 Genset 1 10 Genset 2

11 TPEM Control Cabinet (TPEM CC) for
genset 2
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15.2.3 Power grids and genset connectionNotes for planning and operation

15.2.3.1 Power grids and genset connectionFundamentals of project planning for island operation

To design fault-free island operation, the design of the whole plant and the associated
customer requirements must be known during the project planning stage.

With the following customer specifications, the necessary requirements can be defined in
accordance with the gas engine requirements (load steps, for example) and coordinated
with the customer:

• Single line diagram of the whole plant

• Actual starting power and starting conditions of large consumers

• Operating mode of the plant
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16 Buildings and installationsBuildings and installations
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16.1 Buildings and installationsOverview of buildings and installations
The schematic illustration shows and lists typical components and interfaces to help you
get started. Proportions are therefore not to scale and the arrangement is arbitrary.

For clarity, one structure is shown as the machine enclosure. The arrangement is similar in
the compact containerized power stations, but the access points to the genset are more
restricted.

4064822027: Simplified example illustration

1 Air conditioning equipment 2 Transport opening for the genset

3 Foundation block for the genset 4 Fuel gas expansion joint or gas hose

5 Rubber expansion joint 6 Exhaust expansion joint

7 Machine enclosure (as a structure or
container)

16.2 Buildings and installationsRequirements for genset installation

16.2.1 Buildings and installationsGenset room

16.2.1.1 Buildings and installationsGeneral

Having carefully selected and established the power of the genset, there are a series of
preconditions which must be fulfilled by the client. This will achieve a safe, low-mainte-
nance, and fault-free operation.
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The most important questions must therefore be clarified at the time when buildings in-
tended to house the energy generation gensets are being planned. In particular these are
questions associated with the setup and installation of the genset. Alterations and special
solutions introduced at a later date are generally expensive and often unsatisfactory.

Right from the start, consideration should be given to possible future expansion.

16.2.1.2 Buildings and installationsRequirements for the genset room

The genset room should be of adequate size. Spatial design requirements for operation
and maintenance must be observed.

For the TCG 3016, TCG 2020 and TCG 3020, a clear space of approx. 1 m in width should
be available all around the genset, increasing to approx. 2 m in width for bigger engines
(TCG 2032). Care must be taken to ensure that the starter batteries are installed as close
as possible to the electric starter. For the TCG 2032, an open area (pre-assembly area for
the cylinder units) of 2 m x 5 m suitable for cranes is required. Ideally this area is located
close to the engine. This means that the pre-assembly area and the genset can be lifted
using the same crane. Along with the genset, the other components arranged in the
genset room determine the required size of the genset room. Other components include
heat utilization unit, switchgear, gas train, fuel tank, oil tank, starter battery, exhaust line
and mufflers. The mufflers for the supply air and outlet air also require a considerable
amount of space. It is essential to design large enough openings for installing the genset
and for venting the plant.

• Required information: Machine room ventilation [} 109]

Either permanently installed lifting equipment must be available, or defined lifting points
or slide rails must be provided for supporting the lifting equipment. Supporting installa-
tions and equipment for lifting processes must be designed and selected at least for the
heaviest individual component to be lifted. The maximum permissible load must be
clearly indicated on all load-bearing installations. Depending on the engine type, it must
be guaranteed that, when carrying out maintenance work, e.g., pistons, con-rods, cylinder
heads or even a complete engine can be lifted. Both assembly and subsequent mainte-
nance can then be performed more quickly and more practically.

The genset room must be of sufficient height to allow pistons and connecting rods to be
withdrawn upwards, taking the lifting equipment into account. The length and width of
the genset room must be of adequate size to allow unimpeded work on all points of the
genset. Space for putting down individual genset parts and spare parts must also be
available.

For TCG 2032 series engines, maintenance platforms must be provided on both sides for
reaching the cylinder units and other engine components during maintenance work. Mo-
bile work platforms are also suitable provided they are designed in such a way that all
planned work can be carried out safely.
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Together with the planning of the genset room, the anti-vibration mounting and the de-
sign of the foundation block must be clarified. Furthermore the laying of piping and cable
ducts requires careful planning. The implementation of any special noise protection and
anti-vibration isolation measures must also be considered in the early stages.

Generally for smaller genset outputs, the genset and the switchgear can be set up in one
room. For larger plants, it may be more practical to set up the switchgear in a separate,
sound-proofed operating room.

When planning the genset room, consideration must also be given to the transport route,
so that, if necessary, an engine or generator can be removed and reinstalled. In particular,
the load bearing capacity of the floor must be adequate and there must be sufficient
space available.

The following illustration shows a practical and proven genset installation.

If access to the genset and its components is heavily restricted, e.g., due to the genset
room not being designed large enough, additional costs may be incurred when working
on the genset. For work involving commissioning, maintenance or modifications, addi-
tional expenditure and high costs may be incurred because of poor accessibility. There is
no flat-rate cover for these additional costs and they must therefore be borne by the con-
tracting party.

When operating and when performing maintenance work on the genset, lube oil and/or
coolant can enter the genset room under certain circumstances. Retention devices must
be provided in the genset room drainage system to reliably prevent environmental dam-
age from these substances.

As a rule, the entire room in which systems with water-hazardous liquids are located
should be designed as a water-resistant and oil-resistant sump. This sump should always
be able to contain the largest possible leaks.

3720786827: Installation example
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16.2.1.3 Buildings and installationsSite

The planning process begins with the selection of the setup site for the genset. In order to
minimize losses in the transmission of energy to the consumer, it makes practical sense to
arrange the genset in the vicinity of the consumer. The fuel gas supply, connection to the
mains, noise requirements and exhaust emissions are some important aspects that are of
great importance for determining the location and must therefore be considered.

Where a building is designed solely for supplying energy, the problems of ventilation, vi-
bration damping, fuel supplies and storage, and also of installation and accessibility are
generally easier to resolve than for existing buildings that were previously used for differ-
ent purposes.

In the case of large buildings such as department stores, hospitals and administration
buildings, genset rooms must be located as near as possible to an outside wall. This al-
lows the cooling air and ventilation air to be supplied and discharged without any difficul-
ties. The genset room can be designed at ground level, below ground, or in the case of
smaller gensets, even on one of the upper floors.

The choice of building materials must take account of the need for sound and vibration
damping.

16.2.2 Buildings and installationsMaintenance area

16.2.2.1 Buildings and installationsGeneral

A maintenance area must be provided around the genset in the machine enclosure. The
following specifications provide orientation for the planning of the size, setup and statics
of the machine enclosure and its rooms.

In order to design the genset so that the necessary maintenance work can be performed
safely, professionally and properly, at least the following is required:

• Sufficient free space to be able to safely and properly move and put down compo-
nents

• The possibility to work safely and properly with load handling equipment

In addition, there are the customary energy supply, lighting, steps, protective devices, etc.,
which will not be further described.

16.2.2.2 Buildings and installationsSpatial design

NOTE

It must be possible to safely access the maintenance points on the genset. In addition, a
minimum free space must be provided to ensure safe working.

Various specifications apply depending on the region, for example for safe access to the
maintenance points or the ergonomic design of the workstation. These can deviate from
the specified values and must then be complied with.
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Free space around the genset

The specified dimensions apply for machine enclosures realized as a building. The free
spaces consider the dimensions of the components and the required routes for the re-
moval and installation and the possibility to perform work quickly. They apply only for sin-
gle components (e.g., flywheel) or assembled components (e.g., cylinder units) in accor-
dance with the procedure specified by the manufacturer for maintenance work.

The following free spaces shown in the illustration below must be provided during plan-
ning:

• A freely accessible, open and walkable area with a width L4 must be provided on
both longitudinal sides of the genset. For the TCG 2032 series, permanently installed
maintenance platforms must be provided on both sides in this area

• On the free end of the genset (gas engine), an accessible area with width L1 for the
dismantling and servicing of components installed on the genset

– Depending on the situation, components that supply the genset must be ar-
ranged in this area (for example, circulating pumps, filters, mixing coolers). In this
case, sufficient interspace for hands and tools must be provided on the free end
to make work easier. In the case of extensive maintenance work (for example re-
moval of vibration dampers, camshafts), it must be possible to quickly disassem-
ble the components located in the free space.

• A freely accessible, open and walkable area with width L5 must be provided on the
free end of the genset (generator)

• A freely accessible, open space with height L2 over the genset

• A freely accessible open space with length L3 in the extension of the cylinder axes

• Lengths L2 and L3 are the minimum distances from the top side of the component to
be lifted to the bottom edge of the anchor point. The resulting height of the room
depends on the type of anchor points, their structure and fastening as well as the
general specifications for the room heights
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3720791051: Simplified example illustration

Item TCG 3016 TCG 2020, TCG 3020 TCG 2032

L1 500 mm 500 mm 500 mm

L2 1200 mm 1200 mm 2200 mm

L3 1200 mm 1200 mm 2500 mm

L4 1000 mm 1000 mm 2000 mm

L5 1000 mm 1000 mm 1000 mm

Table 37: Genset free spaces

Exceptions

Compact machine enclosures (containerized, for example) do not always offer enough
space to comply with the specifications listed here. Smaller free spaces are possible to a
limit extent, but they can lead to greater maintenance effort and longer work times.

The following applies for the passage widths:

• Wider than 600 mm, preferably 800 mm

If this passage width cannot be complied with in narrow points, the following applies:

• A documented risk assessment indicates the reason and determines the safe passage
width for each narrow point

• The passage width in narrow points is wider than 500 mm

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Buildings and installations 16

Installation directive
Plant 3020; 3016; 2032; 2020; 2016 287

16.2.2.3 Buildings and installationsPossibility to move components

NOTE

The specified loads are minimum values for the selection of lifting equipment. They apply
only for single components (e.g., flywheel) or assembled components (e.g., cylinder units)
in accordance with the procedure specified by the manufacturer for maintenance work.

The loads are determined for a vertical and static load of the anchor point. If it is not pos-
sible to transport the components with the transport equipment in the lateral free space,
the component must be fastened in both anchor points and moved such that the load an-
gle deviates as little as possible from the vertical. Larger deviations must be considered
during the design phase.

Depending on the region, different safety margins apply for the load in order to deter-
mine the maximum permissible load of the load handling equipment.

For gas engine TCG 3016

The following illustration shows a schematic representation of the main arrangement of
the fastening possibilities above the free area. The actual position depends on the con-
crete order. A drawing with the genset measurements is available from the manufacturer.

3720795275: Simplified example illustration TCG 3016

Item Location Loads (minimum) Type

1 - 2 Above the free space on
cylinder side B

250 kg Minimum single anchor
points in the structure,
for example on the ceil-
ing. The lateral anchor
points lie aligned and

3 Above the exhaust tur-
bocharger
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Item Location Loads (minimum) Type

4 Above the gas-air mixer perpendicular to the an-
chor points above the
genset.

Alternatively, the single
anchor points 1 – 2, 3 –
 6 and 7 – 8 can be re-
placed with profile rails
for mobile lifting equip-
ment.

5 Above the mixture
cooler

6 Above the flywheel

7 - 8 Above the free space on
cylinder side A

Table 38: Loads TCG 3016

For gas engine TCG 2020, TCG 3020

The following illustration shows a schematic representation of the main arrangement of
the fastening possibilities above the free area. The actual position depends on the con-
crete order. A drawing with the genset measurements is available from the manufacturer.

3720810763: Simplified example illustration TCG 2020, TCG 3020

Item Location Loads (minimum) Type

1 - 2 Above the free space on
cylinder side B

250 kg Minimum single anchor
points in the structure,
for example on the ceil-
ing. The lateral anchor
points lie aligned and

3 500 kg

4 Above the exhaust tur-
bocharger

250 kg

5 Above the gas-air mixer 250 kg
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Item Location Loads (minimum) Type

6 - 7 Above the mixture
cooler

250 kg perpendicular to the an-
chor points above the
genset.

Alternatively the single
anchor points 1 – 3, 4 –
 5 and 8 as well as 9 –
 10 can be replaced with
profile rails for mobile
lifting equipment.

8 Above the flywheel 500 kg

9 - 10 Above the free space on
cylinder side A

250 kg

11 500 kg

A – B Above the cylinder units 250 kg Minimum profile rails
for mobile lifting equip-
ment.

Table 39: Loads TCG 2020, TCG 3020

NOTE

Type and source of the danger

A crane system is recommended with an electrically driven traverse and electric chain
hoist. The lifting capacity should be at least 250 kg. In this case, only the positions with a
higher lifting capacity remain as stationary anchor points.

For gas engine TCG 2032

The following illustration shows a schematic representation of the main arrangement of
the fastening possibilities above the free area. The actual position depends on the con-
crete order. A drawing with the genset measurements is available from the manufacturer.
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3720813451: Simplified example illustration TCG 2032

Item Location and route Loads (minimum) Type

A Above the genset and
the free space around
the genset

1000 kg Crane system with elec-
trically driven traverse
and electric chain hoist.

Table 40: Loads TCG 2032

16.2.3 Buildings and installationsFoundation and vibration damping

16.2.3.1 Buildings and installationsGeneral

In the case of gensets with piston engines, gravity forces and moments of inertia are not,
in all cases, completely balanced. The transmission to the foundation of the vibration and
noise thus created can be significantly reduced by the use of anti-vibration mountings.
When installing gensets, an anti-vibration genset mounting shall always be provided be-
tween the base frame and the foundation block.

The exception to this is gensets of the TCG 3016 series. These gensets are equipped with
an anti-vibration mounting between the coupled unit comprised of the engine and gener-
ator and the base frame. The genset is installed without any additional mounting ele-
ments on the foundation block. Only rubber mats are applied on the contact surfaces for
decoupling between the base frame and foundation block.

16.2.3.2 Buildings and installationsFoundation block

The base of the foundation must be implemented with special care. It is recommended
for planning that a soil investigation be carried out by a specialist company. The costs for
this bear no relation to the expense involved in the subsequent work. That may be the
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case, e.g., if there is transmission of structure-borne noise to neighboring residential
properties. Occasionally a satisfactory result can only be achieved through costly addi-
tional measures on the anti-vibration mounting of the genset and plant components.

Groundwater veins beneath or in the vicinity of the foundation block can transmit the vi-
brations over very long distances. Soil with a high ground water level transmits vibrations
more efficiently than dry soil. Depending on local conditions, the foundation block may
have to be set on a sole plate or pilework.

Sinking and basing the foundation are in any case the responsibility of the construction
company or architect. The construction company or the architect must assess the load-
bearing capacity of the ground. The solidity of the foundation block must be determined
by specifying the required concrete mix and reinforcement to suit the local conditions.

For calculation purposes, clients will be provided with the data on the foundation load im-
posed by the genset and the natural frequencies of the anti-vibration mountings.

The implemented foundation block must not have any contact with base walls of the
building or the floor for the above reasons. The gap between the foundation block and
the floor can be sealed with an elastic material. To accommodate the anti-vibration
mounting elements, the surface of the foundation must be horizontal and smoothed
(possible surface quality following professional use of a float) without being steel-trow-
eled. The foundation surface must be flat to a tolerance of maximum 2 mm. It is not per-
missible to mount the genset on tiles, pavement or any similar surface.

16.2.3.3 Buildings and installationsAnti-vibration mounting

Steel spring mounting elements are used to insulate the genset as much as possible from
the vibrations and oscillations of the foundation. These mounting elements have the ef-
fect of reducing the transmission of dynamic forces to the foundation. It is very important
to insulate low frequencies in buildings. This is achieved using a soft steel spring mount.
Structure-borne noise insulation is guaranteed by means of reflection from the base plate
of the bearing, thanks to the insulation effect of the steel plates or rubber plate arrange-
ment.

The anti-vibration mounting must be recalculated for each application. The natural fre-
quency of the system constituted by the genset with anti-vibration mounting must be
sufficiently far below the operating speed of the genset.

Insulation levels of approx. 88-98 % are achieved with the bearing elements used.

The spring elements used in the gensets TCG 2020, TCG 3020 and TCG 2032 can be ad-
justed in height over a certain range. The spring elements have to be properly adjusted,
meaning the load on each element has to be equal. A wrong setting of the spring ele-
ments leads to their destruction on a long term basis and the oscillations cannot be insu-
lated anymore. Spring elements can compensate unevenness of the foundation only to
some extent. Due to an uneven load, too great an unevenness of the foundation and in-
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correctly adjusted spring elements lead to the deformation of the genset's base frame.
The result is that the alignment between the generator and the engine is no longer effi-
cient. This can result in an incalculable destruction of the components.

In the TCG 3016 series gensets, the engine and generator are connected rigidly via a
flange housing. The unit of engine and generator is elastically mounted on the base frame
with rubber elements.

16.2.3.4 Buildings and installationsUneven foundation surfaces and foundation inclines

As mentioned in the previous paragraph, it is absolutely essential to attain the desired vi-
bration insulation that all spring elements are equally loaded or have the same deflection.

Before installing the genset, it is absolutely essential that you check the foundation even-
ness and, if necessary, place filler plates under the spring elements before lowering the
genset into place. The thickness of the plates must be adapted to the required height
compensation at the relevant spring element. Caterpillar Energy Solutions (CES) provides
suitable plates in the thicknesses 1.2 mm and 5 mm for the relevant bearing types. The
height adjustment of the bearings themselves is only utilized for the fine alignment of the
genset.

The procedure for ascertaining the foundation evenness and determining the washers
that might be required is a component of the customer documentation.

16.2.3.5 Buildings and installationsMechanical vibrations

Every genset variant is checked for mechanical vibrations at the factory.

16.2.4 Buildings and installationsNoise emissions

16.2.4.1 Buildings and installationsGeneral

The acoustic requirements for the installation of gensets with combustion engines are de-
fined by various laws and standards. Below is some information on the contexts and pos-
sible solutions in case of noise problems.

Noise sources mainly include the combustion noise of the engine. Other noise sources are
mechanical engine noises, air intake noises and exhaust noises from the engine. The ven-
tilators, pumps and other auxiliary drives also contribute to noise emissions.

Air speeds that are too high can also cause noises.

There is little that effective resources themselves can do to reduce the source of noise.
Thus most measures to mitigate noise are directed towards reducing the transmission of
noise outside of the genset room.

Further information

• Notes on ventilation system planning and operation [} 119]
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16.2.4.2 Buildings and installationsAcoustic dependencies

Noise consists of pressure waves of varying frequencies. All measurements of noise are
thus frequency dependent pressure measurements. Lower-frequency noises are more
easily tolerated by human beings than those of higher frequencies. Sound waves with fre-
quencies above 16 000 Hz to 20 000 Hz, on the other hand, are generally beyond detec-
tion by the human ear.

The need to compare the loudness of sound events at different locations has led to the
development of objective measurement methods. Assessments are conducted in accor-
dance with specific frequency curves, as defined in DIN EN 61672-1 and DIN EN 61672-2.
This involves analysis curves A, B, C and D (see next table). The assessment curves repli-
cate in a somewhat simplified manner the frequency response of the ear to narrow-band
noises. Curve A applies to the low-volume range, Curves B and C cover the range of loud
and very loud noises. D applies to aircraft noises.

Frequency in Hz Assessment curve in dB

A B C D

31.5 -39.4 -17.1 -3.0 -16.5

63 -26.2 -9.3 -0.8 -11.0

125 -16.1 -4.2 -0.2 -6.0

250 -8.6 -1.3 0.0 -2.0

500 -3.2 -0.3 0.0 0.0

1000 0.0 0.0 0.0 0.0

2000 1.2 -0.1 -0.2 8.0

4000 1.0 -0.7 -0.8 11.0

8000 -1.1 -2.9 -3.0 6.0

Table 41: Assessment curves for the human ear

Engine noises are normally assessed in dB(A).

A value measured at 125 Hz is, for example, perceived as 16.1 dB quieter than the same
value at 1000 Hz.

The strength of the noise is dependent on the range at which it is measured and on the
installation site. When measured a short distance from the source, the sound pressure
level is higher, and at long distance it is lower. This reduction in sound level is referred to
as dispersion damping.

For point sources, the following applies:
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3720819211: Sound pressure level formula

L(r1) = sound pressure level 1

L(r2) = sound pressure level 2

r1 = distance 1

r2 = distance 2

Example

3720834699: Example sound pressure level

L(r1) = 70 dB

r1 = 10 m

r2 = 20 m

If the distance doubles, the sound pressure level falls by 6 dB.

For plants with several gensets, the total noise level may be determined according to the
laws of acoustics:

3720837387: Total noise level formula

LΣ = total level

Li = individual level
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Example

3720840075: Example

L1 = 70.5 dB

L2 = 71.5 dB

L3 = 72.5 dB

L4 = 75.5 dB

L5 = 77.0 dB

In simplified terms, when adding n equal levels L, the following applies:

3720842763: Simplified total noise level formula

When two equal sound levels are added, the level rises by 3 dB.

Where a genset is erected in a closed room, the noise level is greater as a result of the im-
peded dispersal of the noise. A higher noise level is recorded than when measuring in the
free field. In small rooms with no acoustic material, the noise distribution is equal almost
everywhere.

Large rooms with sound-absorbent walls offer acoustic benefits; tiles or similar construc-
tion materials should be avoided.

16.2.4.3 Buildings and installationsPossible means of mitigating noise

Normal wall thicknesses of 24 cm or 36 cm already dampen the noise coming from within
by 40 to 50 dB. Muffler sections of 2 m to 3 m in length must be provided for the air inlet
ducts and exhaust ducts. These soundproofing baffles dampen the noise by approx.
40 dB. Taking into account the volume of cooling air, the air speed in the muffler section
should not exceed approx. 8 m/s on the delivery side and approx. 6 m/s on the extraction
side.

• For more information: Machine room ventilation [} 109]
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If acoustic materials such as sound insulating panels are installed in the genset room, the
noise level can be reduced by approx. 3 dB. A noise level reduction of approx. 10 dB can
be achieved with thicker sound insulation. Particular care must be taken to control the ex-
haust noise. Reductions in noise levels of up to approx. 60 dB can be achieved with suit-
able mufflers.

Questions of sound insulation can only be solved on an individual basis, as they are highly
dependent on local circumstances. By way of assistance, the manufacturer provides one-
third octave spectra or octave spectra of exhaust gas noises and engine noises.

Sound insulation measures must be designed in collaboration with specialist firms.

Such measures might, for example, include:

• Exhaust silencing with the aid of reflection mufflers, absorption mufflers, active sound
deadening

• Installing the genset so as to insulate against structure-borne noise

• Arrangement of absorption baffles for the genset room air inlet openings and air
outlet openings

• Housing the genset inside a sound-insulating enclosure

• Fitting the genset room with sound insulation and installing a floating floor (tasks for
specialist firms)

No fiber materials (e.g., Heraklit) must be used to clad the interior of the space. Vibrations
in the air cause particles to be released which then block the air cleaners and can even
destroy the engine.

When sound-proofing the building, it is necessary to consider not only the walls but also
the windows, doors etc.

Technical sound-proofing considerations should also extend to additional sound sources
such as auxiliary drives or radiators which are located outside of the genset room. Noise
sources also include gas trains, pre-pressure gas trains or zero pressure gas trains, which
are installed outside the genset room or outside a sound capsule. These additional noise
sources must be considered in the technical sound design.
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16.2.4.4 Buildings and installationsSound data in genset data sheets

The genset data sheets indicate the sound values for airborne sound and exhaust gas
sound as sound power levels. For airborne noise there are one-third octave spectra; for
exhaust noise there are one-third octave spectra and in some cases octave spectra. The
specified levels in the one-third octave bands and octave bands are linear levels, meaning
that no correction was made according to one of the assessment curves A, B, C or D.

The overall noise levels are specified as total levels with an A assessment of the individual
levels.

Noise data for a TCG 2020 V12

Frequency band Airborne sound emis-
sion4)

Exhaust sound 5)

f in Hz LW,Terz in dB(lin) LW,Octave in dB(lin)

25 94

31.5 95

40 98

50 100 128

63 106 128

80 109 128

100 108 135

125 109 135

160 106 135

200 115 134

250 115 134

315 115 134

400 109 131

500 110 131

630 109 131

800 109 123

1000 109 123

1250 108 123
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Frequency band Airborne sound emis-
sion4)

Exhaust sound 5)

1600 108 122

2000 108 122

2500 107 122

3150 109 120

4000 103 120

5000 102 120

6300 114 119

8000 107 119

10000 101 119

12500 104 121

16000 98 114

LWA/dB(A) 121 132

S/m2 114 15.5

4) DIN EN ISO 3746
5) DIN 45635-11 Appendix A (±3 dB)

LW = sound power level

S= measuring area at the distance x from the sound source with S0 = 1 m2

Table 42: Noise data

Correction values for the individual levels according to the assessments A, B, C,
and D

Frequency in Hz Assessment curve in dB

A B C D

25 -44.7 -20.4 -4.4 -18.5

31.5 -39.4 -17.1 -3.0 -16.5

40 -34.6 -14.2 -2.0 -14.5

50 -30.2 -11.6 -1.3 -12.5
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Frequency in Hz Assessment curve in dB

63 -26.2 -9.3 -0.8 -11.0

80 -22.5 -7.4 -0.5 -9.0

100 -19.1 -5.6 -0.3 -7.5

125 -16.1 -4.2 -0.2 -6.0

160 -13.4 -3.0 -0.1 -4.5

200 -10.9 -2.0 0.0 -3.0

250 -8.6 -1.3 0.0 -2.0

315 -6.6 -0.8 0.0 -1.0

400 -4.8 -0.5 0.0 -0.5

500 -3.2 -0.3 0.0 0.0

630 -1.9 -0.1 0.0 0.0

800 -0.8 0.0 0.0 0.0

1000 0.0 0.0 0.0 0.0

1250 +0.6 0.0 0.0 +2.0

1600 +1.0 0.0 -0.1 +5.5

2000 +1.2 -0.1 -0.2 +8.0

2500 +1.3 -0.2 -0.3 +10.0

3150 +1.2 -0.4 -0.5 +11.0

4000 +1.0 -0.7 -0.8 +11.0

5000 +0.5 -1.2 -1.3 +10.0

6300 -0.1 -1.9 -2.0 +8.5

8000 -1.1 -2.9 -3.0 +6.0

10000 -2.5 -4.3 -4.4 +3.0

Table 43: Correction values for the individual levels
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Conversion of sound power levels into sound pressure levels

The sound power is a variable that is independent of the distance and room and is suit-
able as a starting point for all technical sound calculations. The sound power is not di-
rectly measurable, but instead is established via specified measurement methods.

The sound power level LW is the identifying technical sound variable for a sound source. In
contrast to the sound pressure level Lp, the sound power level LW is fully independent of
the sound field. This means it is independent of the size of the room and the distance
from the source. The emitted sound power of a noise source is determined by measuring
the sound pressure in several points of a closed measuring area S. The sound power of a
source is calculated with the sound pressures measured on the defined enveloping sur-
face. The ascertained sound power can be used to calculate the sound pressure levels at
any distance from the sound source.

The following correlation applies to the sound pressure level at a distance of x from the
sound source:

3720860299: Formula for the sound pressure level without assessment

The following results from specification with A-assessed levels:

3720862987: Formula for the sound pressure level with assessment

The following apply here:

Lp = sound pressure level, linear (without assessment)

LpA = sound pressure level, assessment according to curve A

LW = sound power level, linear (without assessment)

LWA = sound power level, assessment according to curve A

S = measuring area at the distance x from the sound source

S0 = reference area, always 1 m2
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Measuring areas for the genset

When determining the sound power level for the genset, a cuboid measuring area at a
distance of one meter from the genset is implied (see next illustration). The measuring
surface is divided into a grid with a measuring point in the center of each individual grid
surface. This procedure corresponds to DIN EN ISO 3476.

3720865675: Cuboid measuring area for the genset

Measuring areas for the exhaust sound

With exhaust sound, a spherical measuring area at a distance of one meter from the outer
edge of the exhaust pipe is implied. The measuring area is calculated with the equation:

3720868363: Measuring area formula

The following apply here:

S in m2 = measuring area

D in m = diameter of the exhaust pipe

d = measurement distance in 1 m
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3720871051: Spherical measuring area for the exhaust gas

1 Exhaust pipe 2 Measuring area S

Examples of conversion sound power level - sound pressure level

Example 1

How high is the sound pressure level for a TCG 2020 V12 genset at a distance of 1 meter
and 10 meters?

• The sound power level of the genset is specified in the data sheet as 121 dB(A)

• The measuring area S at a distance of 1 meter is specified in the data sheet as 114 m2

• The basic dimensions of a TCG 2020 V12 genset are:

– Length l = 5.7 m

– Width w = 2.1 m

– Height h = 2.5 m

An equivalent cuboid at a distance of 10 meters has the dimensions:

• Length l = 5.7 m + 2 x 10 m

• Width b = 2.1 m + 2 x 10 m

• Height h = 2.5 m + 10 m

This results in a measuring surface S of approx. 1763 m2 at a distance of 10 meters. The
following calculations are obtained with the equation mentioned above:

• Sound pressure level at a distance of 1 meter:

– LpA = LWA - 10 × log (S / S0)

– LpA = 121 - 10 × log (114 / 1)

– LpA = 121 - 10 × log 114 = 121 - 10 × 2.06

– LpA = 100.4 dB(A) O
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• Sound pressure level at a distance of 10 meters:

– LpA = LWA - 10 × log (S / S0)

– LpA = 121 - 10 × log (1763 / 1)

– LpA = 121 - 10 × log 1763 = 121 - 10 × 3.25

– LpA = 88.6 dB(A)

Example 2

How high is the exhaust gas sound pressure level for a TCG 2020 V12 genset at a distance
of 1 meter and 10 meters from the exhaust outlet?

• The sound power level for the exhaust gas is specified in the data sheet as 132 dB(A).

• The reference area S for a spherical surface with a radius of 1 m is specified in the
data sheet as 15.5 m2

The surface area S of a sphere with a radius of 10 meters is 1257 m2. The following calcu-
lations are obtained with the equation mentioned above:

• Sound pressure level at a distance of 1 meter from the pipe outer wall:

• LpA = LWA - 10 × log (S / S0)

• LpA = 132 - 10 × log (15.5 / 1)

• LpA = 132 - 10 × log 15.5 = 132 - 10 × 1.19

• LpA = 120.1 dB(A)

Sound pressure level at a distance of 10 meters:

• LpA = LWA - 10 × log (S / S0)

• LpA = 132 - 10 × log (1257 / 1)

• LpA = 132 - 10 × log 1257 = 132 - 10 × 3.1

• LpA = 101 dB(A)

16.3 Buildings and installationsRubber expansion joints

16.3.1 Buildings and installationsFunction

Rubber expansion joints are used in the plant to elastically decouple connection pipes
carrying fluids from the elastically mounted genset. They reduce structure-borne noise
that would otherwise be transferred unhindered into the building through the connected
piping and compensate for the heat expansion.

Additional expansion joints may also be required in the piping in the plant.
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16.3.2 Buildings and installationsNotes for planning

Installation position

The installation position must be planned in such a way that it is accessible and can be
monitored even after assembly.

Types of expansion joints, bellows material and their markings

Only DIN welding neck flanges or VG flared flanges must be used as counter flanges. No
additional seals are required for these as the rubber lip is sufficient. Other flange designs
are not permissible owing to the risk of damage to the rubber lip.

3726746379: Expansion joint with rubber lip and flange with smooth sealing surface through to in-
ternal diameter
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Expansion joints with the bellows material EPDM (Ethylene Propylene Diene Rubber) are
used for installation in the cooling water systems. In these types the bellows are provided
with an orange/blue marking. When this bellows material is used, only oil-free cooling
water additives may be used.

When used in lube oil systems, expansion joints with the bellows material NBR (nitrile bu-
tadiene rubber) are used, with this only applying to the TCG 2032 series. In these types,
the bellows have a red-and-blue marking.

Specific values for rubber expansion joints with flanges in accordance with
EN 1092-1

3726969739: Expansion joints with flanges according to EN 1092-1

1 Flange dimensions as per
DIN 1092-1*

2 Bellows

3 Movement absorption (without over-
lay)

4 Expansion joint

5 Nominal diameter 6 Pipe as per DIN 2448

7 - 8 Sealing surface

9 Shaft diameter (depressurized) 10 Suppression

11 Extension 12 Lateral

13 Angular 14 Weight
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* Counter flanges as per E 1092-1-PN 16 with screws and self-locking nuts as per DIN 985,
but without any seals. For DN 200, counter flanges as per EN 1092-1-PN10. Assembly
notes No.: 6.000.9.000.242 sheet 1-4

Pressure stages

Temperature load up to °C +60 +100 +110

Max. permissible operating pressure* bar 16 10 6

Test pressure at +20 °C bar 23 23 23

Burst pressure bar ≥ 48 ≥ 48 ≥ 48

Vacuum at installation length ≤ BL Special measures are necessary in
this connection and must be asked
for.

* In case of loads produced by jerks, the max. operating pressure must be set 30 %
lower

Table 44: Pressure stages for expansion joints

Bellows material Operating medium

EPDM Cooling water with oil-free additives for frost protection and
corrosion protection

NBR Lube oil

Table 45: Bellows material for certain operating media
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3726737931: Expansion joint

1 Rating plate orange/blue (EPDM),
red/blue (NBR)

2 Surfaces machined by cutting

Specific values for rubber expansion joints with flanges in accordance with
VG 85356

3726976779: Expansion joints with flanges according to VG 85356

1 Flange dimensions as per VG 85356
Part 1

2 Bellows

3 Movement absorption (without over-
lay)

4 Expansion joint

5 Nominal diameter 6 Pipe diameter, external

7 - 8 Sealing surface

9 Shaft diameter (depressurized) 10 Suppression
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11 Extension 12 Lateral

13 Angular 14 Weight

Pressure stages

Temperature load up to °C +60 +100 +110

Max. permissible operating pressure* bar 16 10 6

Test pressure at +20 °C bar 23 23 23

Burst pressure bar ≥ 48 ≥ 48 ≥ 48

Vacuum at installation length ≤ BL Special measures are necessary in
this connection and must be asked
for.

* In case of loads produced by jerks, the max. operating pressure must be set 30 %
lower

Table 46: Pressure stages for expansion joints

Bellows material Operating medium

EPDM Cooling water with oil-free additives for frost protection and
corrosion protection

NBR Lube oil

Table 47: Bellows material for certain operating media
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3726742155: Expansion joint

1 Rating plate orange/blue (EPDM),
red/blue (NBR)

2 Surfaces machined by cutting

Number

The number of expansion joints depends on the piping routing itself and the heat expan-
sion caused by the temperature of the media inside the pipe.

The following applies to the installation location:

• The installation position of an expansion joint must be accessible and must facilitate
monitoring.

• The expansion joint should preferably be compressed.

• The installation gap for the expansion joint must be defined so as to guarantee the
correct installation length.
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Installation gap at the installation position

The values for permissible suppression, stretch, and lateral and angular movement ab-
sorption specified above are all maximum specifications for non-overlaid deflections.

When installing the expansion joints on the gas engine genset, the values specified in the
illustration “Installation of expansion joints” must be observed. Adhering to these installa-
tion dimensions guarantees that the genset deflections can be absorbed both during op-
eration and during start procedures and stop procedures without overstraining the ex-
pansion joints.

3726815755: Installation of expansion joints

1 Maximum 3 x DN 2 Fixed point

Maximum permissible installation dimensions I1 I2

Nominal diameter DN 32 to DN 65 125 ± 5 mm 3 mm

Nominal diameter DN 80 to DN 175 150 ± 5 mm 3 mm

Nominal diameter DN 200 175 ± 5 mm 3 mm

Table 48: Rubber expansion joint installation dimensions
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Load types

Overlaid movements

In the case of overlaid movements, the values specified above must be requested from
the manufacturer.

Negative pressure

If an expansion joint is to be subjected to negative pressure (vacuum), it must under no
circumstances be stretched when it is installed. It is better to compress the expansion
joint slightly, making it more vacuum-resistant. However, special measures will be called
for here, which must be queried separately. The assembly instructions of the expansion
joint manufacturer must be complied with here.

Pipe brackets

When arranging expansion joints, always provide pipe brackets or pipe guides before and
after the expansion joint. For expansion joints that are only installed for the decoupling of
vibrations (e.g., expansion joints of an elastically mounted genset), apply fixing points be-
fore and after the expansion joint. Expansion joints installed for the compensation of heat
expansions in the piping generally have a pipe bracket as a fixing point on one side and a
pipe guide as a free-running point on the other side. The distance between the fixed or
free-running point and the expansion joint should not exceed 3 × DN.

• Required information: Assembly, insulation and surface treatment of pipes [} 336],
Pipe brackets and supports

Equipotential bonding

Since the rubber bellows is not electrically conductive, a suitable elastic bridge is required.

• Required information: Technical documentation on the relevant rubber expansion
joint

16.3.3 Buildings and installationsStorage

Store rubber expansion joint in a clean and dry condition, protect from all damage, do not
roll using the bellows. In the case of storage and installation in the open air, protect
against intense sunlight, such as through the use of a covering sheet.

16.3.4 Buildings and installationsChecks

Before the expansion joint is installed, it must be checked in its consistency and, with re-
gard to the state of the rubber bellows, if for example a strong embrittlement caused by
the high temperature during storage has occurred.

The higher the operating temperature on the expansion joint, the faster the elastomer will
age and embrittle (in other words, harden) and the rubber bellows will tend to form
cracks. If a strong crack formation has occurred on the surface, the expansion joint should
be replaced for safety reasons.
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16.3.5 Buildings and installationsAssembly

This is a general description. The assembly notes provided by the expansion joint manu-
facturer and the planning notes must be observed.

Generally

• Before welding on the counter flanges, disassemble rubber expansion joints that are
already installed.

• Always check the effect of external heat radiation!

• The bellows must remain clean during assembly and even afterwards!

• Never paint the bellows!

• The expansion joint should preferably be compressed during assembly and when in-
stalled.

• Noting the maximum permissible amount of movement which may be accommo-
dated (and which must not be exceeded in operating state), install the expansion
joint free of torsional stress (without rotation) in the installation gap.

• The boreholes in the connection flanges must line up and the sealing faces must be
parallel to each other.

• Only use DIN welding neck flanges or VG flared flanges as counter flanges.

• Do not use any additional seals as the rubber lip seals the expansion joint.

• Use normal hexagon screws and self-locking hexagon nuts as per DIN 985 for secur-
ing the expansion joint and connection flange.

• To avoid damaging the bellows with tools, only turn the wrench on the counter
flange side and counter the wrench away from the bellows on the bellows side. Do
not crush the bellows!

• Use installation type 1 for the screw connection. If this is not possible, installation
type 2 with screws is permissible as an exception, where the distance is less than the
safety distance X of 15 mm.
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3726813067: Installation types

1 Nuts on the outside of the counter flange, screw heads inside the expansion joint
flange

2 Screw heads on the outside of the counter flange, nuts inside the expansion joint
flange

X Safety distance between end of screws and bellows

A Overall length. The installation length (BL) depends on the planned and permissi-
ble movement of the expansion joint

Tightening specification for flanges

In order not to destroy the rubber seal by overtightening the flanges, the tightening
torques indicated in the next table, for example, must be observed.

Tightening specification

Nominal diameter DN 40 90 Nm

Nominal diameter DN 50 90 Nm

Nominal diameter DN 65 90 Nm

Nominal diameter DN 80 90 Nm

Nominal diameter DN 100 90 Nm

Nominal diameter DN 125 90 Nm

Nominal diameter DN 150 145 Nm

Table 49: Tightening specifications for rubber expansion joints

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Buildings and installations

314
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

The tightening torques listed apply to new expansion joints. The values can be exceeded
by 30 % if necessary.

Genset

Before assembly, the genset must be aligned on the foundation in accordance with the
specifications.

The external piping is connected without filling the engine previously with water and lube
oil. After filling with water and lube oil, the genset moves down only an additional 1 to
2 mm on the engine side. If necessary, the height-adjustable anti-vibration mounting ele-
ments can be readjusted.

• For more information: Anti-vibration mounting [} 107]

Procedure

• Install the pipe brackets (without expansion joint) at the installation position in such a
way that the specifications for the installation gap are complied with (free-running
and fixed points, flanges are aligned and parallel, compensating movements). Ob-
serve the distance of max. 3 × DN for fixed points

• Measure the installation gap as per the requirements determined during planning
and adjust pipe brackets if necessary. The required movement of the expansion joint
when heated during operation and when cooled down after switching off the genset
must be ensured!

• Fit the expansion joint free of torsional stress and with the correct installation length
by compressing it and screw in fastening screws (screw head on the bellows side).
Loosely install nuts on the counter flange

• Close the pipe brackets in such a way that the pipe is fixed at the fixed point and the
pipe can slide at the free-running point

• Tighten nuts evenly several times crosswise only slightly until the expansion joint
flanges are touching the connection flanges. Then tighten according to the specified
tightening torque. Excessive tightening can crush the rubber lip!

• Since the connection will settle during initial commissioning or after 24 hours of op-
eration, check the connection point, check the tightening torque of the screw con-
nection and re-tighten if necessary

Protective measures after assembly

After assembly, the expansion joints must be covered as protection against welding heat
(e.g., weld spatter, beads) and external damage.
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16.4 Buildings and installationsExhaust expansion joints

16.4.1 Buildings and installationsFunction

Axial expansion joints and axial double expansion joints are used in the plant to elastically
decouple connection pipes carrying exhaust gas from the elastically mounted genset.
They reduce structure-borne noise that would otherwise be transferred unhindered into
the building through the connected piping and also compensate for the heat expansion.

Additional expansion joints may also be required in the piping in the plant.
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16.4.2 Buildings and installationsNotes for planning

Installation position

The installation position must be planned in such a way that it is accessible and can be
monitored even after assembly.

Specific values for exhaust expansion joints

Dimensions and connection sizes are shown in the next two illustrations.

3726926987: Movement of bellows

A Axial movement of bellows B Lateral movement of bellows
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3726929675: Expansion joint, dimensions and design

1 Technical data - axial expansion joint 2 Flanges DIN EN 1092 PN 6

3 Nominal size 4 Nominal accommodated movement
over 1000 load cycles

5 Overall length, unstressed [L0] 6 Corrugated length [l]

7 Diameter 8 Screws

9 Weight 10 Axial [2dN]

11 Lateral [2lN] 12 Axial/Radial [â]

13 Outer diameter [DA] 14 Bolt circle [LK]

15 Bore [B] 16 Flared tube end [BÖ]

17 Sheet thickness [b] 18 Quantity [N]

19 Thread
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The specified values apply at room temperature; in operating state, lower values are to be
expected. At temperatures of up to 300 °C, deviations may be disregarded for practical
purposes.

For correction values KΔϑ for higher temperatures, see the next table "Temperature influ-
ence on the available movement of exhaust expansion joints".

The sum of all relative stresses must not exceed 100 % of the temperature factor KΔϑ.

Where heat expansion and vibration coincide, the travel element and amplitude element
must each be considered separately. As per the following formula:

3726932363: Travel element and amplitude element formula

2×δaxial,Design axial movement, design

2×δaxial,Nominal axial movement, rated value

2×λlateral,Design lateral movement, design

2×λlateral,Nominal lateral movement, rated value

âDesign all-round movement, design

âNominal all-round movement, rated value

KΔϑ Correction value

Nominal: Rated value (nominal) from the table in the illustration above "Expansion joint,
dimensions and design"

Design: Maximum movement during operation.

An expansion joint comprising multi-wall bellows 1.4541 (X6 CrNiTi 18 9) and flared
flange RST 37-2 may be used at operating temperatures of up to 550 °C.

The expansion joint only fully undertakes one of the indicated movements. The operating
pressure may be up to 1 bar (PN1).

The installation length (overall length + pre-tension) depends on the total system-side
expansion. The overall length Lo refers to the neutral position.

Temperature influence on the available movement*

Material KDJ ϑ

1.4541 1 100 °C

0.9 200 °C

0.85 300 °C
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Temperature influence on the available movement*

0.8 400 °C

0.75 500 °C

0.7 600 °C

* Witzenmann, “Kompensatoren” (Expansion joints) page 99, edition 1990

Table 50: Temperature influence on the available movement of exhaust expansion joints

Installation gap at the installation position

For assembly, the installation gap for the expansion joint must be defined so as to guar-
antee the correct installation length. Connection pipes must be perfectly aligned.

Noting the maximum permissible amount of movement which may be accommodated
(and which must not be exceeded in operating state), the expansion joint must be in-
stalled so that it is not subjected to torsional stresses either during installation or during
operation due to adverse pipe tension.

When specifying the length of the expansion joints, please note these different terms.

The overall length is the length of the expansion joints as generally supplied by the man-
ufacturer (delivered length). The overall length is indicated on the rating plate of the ex-
pansion joint. The installation length comprises the overall length with pre-tension
(stretch “+” or compression “-”) as shown in the next two illustrations.

3726895371: Expansion joint, installation length > overall length

A Overall length B Extension

C Installation length
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3726898059: Expansion joint, installation length < overall length

A Overall length B Extension

D Compression

In a cold condition, the expansion joint should be installed half pre-tensioned (stretched
“+” or compressed “-”), depending on how the expansion joint is to be used. This is rec-
ommended even if the axial movement of the expansion joint is not to be fully utilized.

Exhaust piping requires the use of an expansion joint that can expand by 30 mm during
operation, for example. The expansion joint used in the example allows a max. expansion
of 66 mm. In terms of the expansion joint's service life, it is better to preload the expan-
sion joint to ± 15 mm expansion or compression than just to 30 mm expansion.

Installation situation on the gas engine (exhaust turbocharger)

Alignment is necessary when connecting the exhaust pipes on the plant side to the ex-
haust expansion joint on the engine side after the exhaust turbine. A poor alignment of
the engine-side exhaust expansion joint leads to impermissible forces acting on the hous-
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ing of the exhaust turbocharger. Assembly instructions for the relevant exhaust expansion
joints are supplied in the documentation with each order under the chapter Assembly
note.

If possible, expansion joints should be installed without lateral offset. Expansion joint tor-
sion must be avoided at all costs. The first exhaust line bearing point on the engine after
the expansion joint must be designed as a fixed point and should be as close as possible
to the exhaust expansion joint (see next illustration).

3726900747: Arrangement of the fixed point after the engine in the exhaust line

1 Fixed point 2 Axial expansion joint

3 Exhaust turbocharger 4 Genset on anti-vibration mountings

5 Free-running point (pipe guide)

It is not always possible to have the fixed point immediately after the expansion joint in
the exhaust line, as in the above illustration. The assembly notes specify the maximum
possible distances from the expansion joint to the fixed point for each genset. The ex-
haust pipe expands during genset operation due to the high exhaust temperatures. This
thermal expansion, which has a determining influence on the expansion joints on the en-
gine, depends on the distance of the expansion joint to the fixed point. Other parameters
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that influence thermal expansion of the exhaust pipe include respective exhaust tempera-
tures and exhaust pipe material. In these cases, the expansion joint must be installed with
pre-tension (see next illustration).

3726916235: Length change of the exhaust line (principle diagram)

The following installation length-expansion joint correlation applies:

3726918923: Installation length of expansion joint

AL Length of the exhaust line from ex-
pansion joint to fixed point [mm]

EL Installation length of expansion joint
[mm]

FL Free length of the compensator in
unloaded state [mm]

WD Thermal expansion of the exhaust
pipe [mm]

The expansion joint is slightly compressed during genset operation. Compliance with
these specifications ensures that the stress on the turbine housing of the turbocharger is
kept low due to the restoring forces of the expansion joint. This applies to both the cold
state when the genset is at a standstill and to the warm state when the genset is in opera-
tion.

Installation situation in the pipeline section of the exhaust system

To determine heat expansion in piping, the following rule of thumb applies:

• For mild steel approx. 1 mm heat expansion per meter of pipe and per 100 °C.

• For stainless steel approx. 2 mm heat expansion per meter of pipe and per 100 °C.

That means that, for example, for a 1 meter section of pipe at 500 °C, the heat expansion
is approx. 5 mm for mild steel and 10 mm for stainless steel.
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Normally, axial expansion joints are fitted in exhaust piping to accommodate the heat ex-
pansion. The arrangement of the expansion joints will be shown on the installation plan
for the respective order, whereby the installation directives laid down by the manufacturer
must be observed. It will generally be adequate to continue the exhaust line as shown in
the next illustration.

3726921611: Fixed supports, loose supports and expansion joints in an exhaust line

1 Free-running point or pipe guide 2 Muffler

3 Expansion joint 4 Fixed point

5 Fixed point after engine 6 Expansion joint after engine

7 Engine
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Pipe brackets

When arranging expansion joints, pipe brackets shall always be provided before and after
the expansion joint, otherwise the pipeline may bend out sideways. Depending on the in-
stallation situation, the pipe brackets can be arranged as fixed and/or free-running points.
The distance between the fixed point and the expansion joint must not exceed 3 × DN of
the piping. Free-running points provide secure support for the piping system, allow flexi-
ble but controlled linear expansion of the piping in response to temperature changes, and
thus prevent jamming or undesirable shifts in forces. Fixed points keep the entire system
stable by introducing the forces and events that occur into the structure. Shifting, twisting
or kinking of the piping cannot occur if fixed and free-running points are installed cor-
rectly. Depending on the weight and size of the pipe, it may be necessary to fit extra pipe
brackets.

Insulation

Because of the considerable heat radiation, it may under circumstances be advisable to
insulate an expansion joint particularly inside the engine house. For this purpose, a sliding
pipe or sheet-metal sleeve should be laid around and at some short distance from the ex-
pansion joint, to prevent the insulation material from resting directly on the expansion
joint (see next illustration). Otherwise there is a risk that the insulation material will jam
between the sides of the bellows corrugations. For the insulation, it is recommended to
use asbestos-free plaited insulation strands or matting; glass wool or diatomite should
not be used because of glass wool's and diatomite's tendency to produce dust.

3726935051: Insulation, expansion joint

16.4.3 Buildings and installationsStorage

Axial expansion joints must be stored in a clean and dry condition, protected from all
damage, and must not be rolled using the bellows. Always lift expansion joints for trans-
portation.
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16.4.4 Buildings and installationsAssembly

This is a general description. The assembly notes provided by the expansion joint manu-
facturer and the planning notes must be observed.

Generally

• Before welding on the counter flanges, disassemble expansion joints that are already
installed

• The bellows must remain clean during assembly and even afterwards!

• Never paint the bellows!

• Noting the maximum permissible amount of movement which may be accommo-
dated (and which must not be exceeded in operating state), install the expansion
joint free of torsional stress (without rotation) in the installation gap.

• The boreholes in the connection flanges must line up and the sealing faces must be
parallel to each other.

• Check that the bellows corrugations are free of foreign bodies (dust, cement, insula-
tion material), first inside before assembly and then outside after assembly.

• Use normal hexagon screws and self-locking hexagon nuts as per DIN 985 for secur-
ing the expansion joint and connection flange.

• To avoid damaging the bellows with tools, only turn the wrench on the counter
flange side and counter the wrench away from the bellows on the bellows side. Do
not crush the bellows!

Installation and tightening specifications for flanges

The expansion joints are fitted using normal hexagon screws and nuts. Smooth flanges or
flared flanges are used as counter flanges. The nuts must be fitted on the counter flange
side (see next illustration).

3726924299: Expansion joints, overall length

A Overall length
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Genset

Before assembly, the genset must be aligned on the foundation in accordance with the
specifications.

The external piping is connected without filling the engine previously with water and lube
oil. After filling with water and lube oil, the genset moves down only an additional 1 to
2 mm on the engine side. If necessary, the height-adjustable anti-vibration mounting ele-
ments can be readjusted.

• For more information: Anti-vibration mounting [} 107]

Procedure

• Install the pipe brackets (without expansion joint) at the installation position in such a
way that the specifications for the installation gap are complied with (free-running
and fixed points, flanges are aligned and parallel, compensating movements). Ob-
serve the distance of max. 3 × DN for fixed points

• Measure the installation gap as per the requirements determined during planning
and adjust pipe brackets if necessary. The required movement of the expansion joint
when heated during operation and when cooled down after switching off the genset
must be ensured!

• Fit the expansion joint free of torsional stress with the installation length determined
during planning and screw in fastening screws (screw head on the bellows side).
Loosely install nuts on the counter flange

• Close the pipe brackets in such a way that the pipe is fixed at the fixed point and the
pipe can slide at the free-running point

• Tighten nuts evenly several times crosswise in accordance with the manufacturer’s
specifications.

• Since the connection will settle during initial commissioning or after 24 hours of op-
eration, check the connection point, check the tightening torque of the screw con-
nection and re-tighten if necessary

Protective measures after assembly

After assembly, the expansion joints must be covered as protection against welding heat
(e.g., weld spatter, beads) and external damage.

16.5 Buildings and installationsHose lines

16.5.1 Buildings and installationsFunction

Rubber hose lines allow the flexible connection of lines carrying fluids and fittings on the
genset.
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16.5.2 Buildings and installationsNotes for planning

Installation position

The installation position must be planned in such a way that it is accessible and can be
monitored even after assembly.

Materials and requirements

Hose lines must be flame resistant (flame-proof) and must meet the requirements of all
classification organizations (Approval test). The following specifications apply to rubber
hose lines DN 8 to DN 40.

Bending radius

The smallest bending radii specified in the following illustration refer to rigidly laid hose
lines.

If the movement in the hose line (where the bending radius is tight) is repeated very often
(continuous operation), it is recommended that an attempt be made to increase the
bending radius (if necessary, by using turning knuckles). This will prevent the hose from
kinking and extend its service life.

3726869387: Hose line overview

1 Operating medium 2 Pipe diameter

3 Nominal pressure 4 Test pressure

5 Temperature max. 6 Hose designation
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7 Normal 8 Upon acceptance

9 Short-term 10 Diesel fuel

11 Diesel fuel, water and lube oil 12 Sea water

13 Lube oil, compressed air and water 14 Diesel

15 Water 16 Lube oil

17 Compressed air

*1 Smallest bending radius

The diagram in the following illustration shows – depending on the bending angle of the
hose line – the bending factor by which the minimum bending radius must be multiplied
to determine the permissible bending radius for continuous operation.

3726874763: Bending factor

A Bending angle B Bending factor

Installation situation

Hose lines shall not come into contact with one another or with other objects during op-
eration. The permissible bending radius should not be undershot. It is not permissible to
overbend or stretch the hoses.
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3726822923: Arrangement and installation

1 Incorrect 2 Correct

A Installation length too short B Installation length satisfactory

Install hose without tension. Axial compression is not permissible. The braiding detaches
itself from the hose and pressure resistance is no longer guaranteed.

3726864011: Axial compression

Hose lines shall not be bent at sharp angles or buckled, i.e., the hose shall not be kinked.
No movement stresses or bending stresses must act directly on connections (screw con-
nections). The so-called neutral part of the hose ends must be of adequate size.

If necessary, standard commercially available elbows, manifolds or ring-type screw con-
nections must be provided at the connection ends. When selecting the connecting parts,
the stress from pressure, temperature, and type of media must be observed. In the event
of movement, the hose line must be mounted so that its axis lies in the same plane as the
direction of movement in order to prevent torsion.
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3726866699: Soldered connector

1 Connection pipe 2 Soldered connector

3 Union nut 4 Braze

5 Hose line

The So Ms 59 F 50Z (special brass) soldered connectors on the hose line screw connec-
tions can be removed from the screw connections and connected by means of hard-sol-
dering to the respective pipe end. After determining the gap in which to install the joint
between the pipes to be connected, first solder the connector in place on one side, then
check the possible bending radius for the hose line before soldering the connector on the
other side. The ends of the connection pipes must be cut off precisely at right-angles to
the axis of the pipe. The permitted bending radii must be observed.

Pipe brackets

When arranging hose lines, fixed points shall always be provided upstream and down-
stream of the hose line. The distance between the fixed point and the hose line should
not exceed 3 x DN.

16.5.3 Buildings and installationsStorage

Store hoses in a clean and dry condition and protect against all external damage. Do not
drag the container along the ground or over sharp edges. Uncross hose by unwinding the
hose ring. Pulling on one end of the hose ring will bend the hose beyond its minimum
permissible bending radius and subject it to an impermissible torsional stress.
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3726820235: Storage of hose lines

1 Optimum storage = straight

16.5.4 Buildings and installationsAssembly

This is a general description. The assembly notes provided by the hose line manufacturer
and the planning notes must be observed.

Generally

• The hose line must remain clean during assembly and even afterwards!

• Do not paint the hose line!

• When installing the hose line, tighten the connection on one side only. To begin with,
leave the connection at the other side loosely fixed.

• Move the empty hose 2 or 3 times in the desired direction to allow it to align itself
without twisting, then tighten it also on this side.

• Noting the required freedom of movement (which must also be observed in operat-
ing state), install the hose line so that it is not subjected to torsional stresses (with-
out rotation), with no tension and no axial compression.

• For hose lines with screw connections, use a second wrench to counter the connec-
tion (see next illustration).

3726890251: Screw fittings
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Procedure

• Connect the hose line without tension

– Use a second wrench to counter rotating threaded connections.

– Comply with permissible bending radii

Protective measure after assembly

After assembly, the hose lines must be covered as protection against welding heat (e.g.,
welding spatter, brazing beads) and external damage.

16.6 Buildings and installationsFuel gas expansion joints and gas hoses
The requirements for the installation of fuel gas expansion joints and flexible gas hoses
on the gas-air mixer of the genset must be observed.

• Required information: Section “Notes on installing gas trains“ in Gas trains [} 169]

The general instructions for expansion joints specified above also apply to fuel gas expan-
sion joints and gas metal corrugated hoses.

• Required information: Rubber expansion joints [} 303] and Exhaust expansion joints
[} 315]

16.7 Buildings and installationsPiping

16.7.1 Buildings and installationsGeneral assembly notes

• Piping must be manufactured in accordance with nationally applicable regulations.

• After manufacturing the piping and at the latest before assembly of the plant, thor-
oughly clean all piping (inside) from dirt, scale and chips. No foreign bodies are al-
lowed to enter the pumps, valves, heat exchangers, sensor systems or combustion
engine etc.

• Preserve piping depending on the storage period.

• Where pipe diameters do not match the connections to components (pumps, com-
pressors, mixing coolers, etc.), adapt by fitting reducers or reducer connectors. For
the location and size of the connections to this apparatus, please refer to the individ-
ual component drawings.

• When installing measuring instruments (e.g., heat meter, gas meter, etc.), the guide-
lines specified by the manufacturer must be observed. This applies in particular to the
installation location and the inlet section and outlet section.

• In systems which are to be filled with fluids, make connections for draining and filling
at the lowest points. At the low points, install taps with end caps and hose connec-
tions for filling and draining. At all high points, air vents must be provided. At the
high points, attach bleeding taps or automatic vents.
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• In the case of pipes carrying gaseous media, fit condensate collectors with drain
cocks at the lowest points. Lay pipes with a slope to the condensate collector.

• Copper piping is permissible for fresh oil filling lines. Solder pipe connections using
silver solder. As an alternative, use unsheathed “ERMETO” steel piping for the lines.
Generally assemble pipe connections using special screw connections, do not weld!
After being laid, thoroughly purge the fresh oil lines with new oil.

• Compress fresh oil lines made of copper or steel with oil-resistant fittings. Since the
sealing material is not oil-resistant, it is not permissible to use standard fittings for
the sanitary area.

• Pickle and passivate stainless steel lines after production. Tarnish must be removed.
Chromate burnout must be prevented by forming.

16.7.2 Buildings and installationsMaterial for piping

The following table shows an overview of the piping materials for the different media:

Operating medium Subdivision Pipe material

Natural gas, mine gas (for
gas quality High according
to TR 3017)

Steel, galvanized steel, be-
tween gas train and engine.
Steel lines or stainless steel
lines; these lines must be
absolutely “clean”.

Biogas, sewage gas, landfill
gas, associated petroleum
gas

Standard stainless steel

Water Engine circuit, mixture cool-
ing circuit, charge air cir-
cuit, heating circuit, dump
cooling circuit, raw water
circuit

Standard steel: depending
on the water quality,
higher-quality materials
may have to be used, e.g.,
seawater in the dump cool-
ing circuit or raw water cir-
cuit.

Lube oil. Hot lube oil by-
pass lines

Stainless steel

Fresh oil filling lines and
waste oil lines

Steel, copper, stainless steel

Compressed air Starter pipes Stainless steel

Filling pipes Steel

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Buildings and installations

334
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

Operating medium Subdivision Pipe material

Control air pipes (low pres-
sure)

Steel, copper

Exhaust gas Operation with natural gas,
mine gas

Before EHE and interior in-
stallation: heat-resistant
steel (e.g., 15 Mo 3)

After EHE and outdoor in-
stallation: stainless steel

Operation with biogas,
sewage gas, landfill gas, as-
sociated petroleum gas

Stainless steel (e.g., 1.4571)

Upstream of catalytic con-
verter

Always stainless steel (e.g.,
1.4571)

Condensate With content of acid com-
ponents

Stainless steel

Residual Steel, copper, galvanized
steel

Table 51: Overview of piping materials and operating media

When using materials other than those specified in the table, always consult Caterpillar
Energy Solutions GmbH (CES).
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16.7.3 Buildings and installationsNotes on welding piping

Welded connections guarantee absolute impermeability during operation. Welded con-
nections form a homogeneous part of the piping. A welded pipe connection is the most
economical connection method and its use is therefore preferred. The quality of the weld
joint is dependent on how the pipes are fitted together, the ends being perfectly cen-
tered, the edges being properly prepared for welding and the chosen welding method.

Risk of destruction of components

Risk of destruction of components

Components can be damaged by heat, flying sparks, etc., as well as by the welding cur-
rent in the case of electric welding

• When performing welding work in the pipe system, disconnect all electrically conduc-
tive connections to the genset.

• Remove the steel expansion joints on the genset when welding.

• In the case of E welds, place the electrode mass close to the welding point. Ensure a
good ground connection.

• When welding, weld sparks can damage the rubber expansion joints and steel expan-
sion joints. Cover rubber expansion joints and steel expansion joints (see Chapter
Protecting the genset [} 107]).

Welding steel pipes

The following points should be noted here:

• Roughness of the cut-offs according to the applied WPQR / WPS

• Approved welding processes shielded metal arc welding, metal inert gas welding or
tungsten inert gas welding according to DIN EN ISO 15607 to 15614

• Weld seam preparation as per DIN EN 9692-1

• Directive on assessment categories for irregularities DIN EN ISO 5817, evaluation
group C

• Welding spatter must be removed completely

• Filler metals according to applied WPQR / WPS

16.7.4 Buildings and installationsReleasable piping connections

Flange connections

Flange connections are notable for their ease of assembly and are generally used for the
piping connections at engines, pumps, heat exchangers, tanks, etc. Preference shall be
given to flanges which comply with DIN EN 1092, PN10 or PN16; for high-pressure media
(e.g., compressed air), they should have a correspondingly higher nominal pressure.
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When servicing or maintaining engines or plant components, it is often necessary to dis-
mantle piping to improve accessibility. In such cases, it is particularly recommended that
flange connections be installed at suitable locations.

The materials used to seal between the flanges should be selected to suit the load im-
posed by the operating media itself as well as the pressure and temperature of the media.
In order to avoid leaks, flange connections need to be monitored. Therefore, as far as
possible, flange connections should be accessible in order to replace the seals or
retighten the screws. The facility to check the connections visually must, under all circum-
stances, be guaranteed.

Screw connections with sealed thread

Preferably use Whitworth pipe threads as per DIN EN 10226 for connections to threaded
pipe. Use pipe threads with cylindrical, internal threaded connections on mountings, fit-
tings, etc. and with tapered external threads. Before fitting, pack the threads with sealant
to increase the sealing tightness.

Screw pipe connections

Establish the sealing tightness with a progressive ring for the screw pipe connection. The
screw pipe connection is a positive-fit, leak-proof pipe connection. For these lines, use ex-
clusively precision steel pipes, preferably with external diameters of between 6 mm to
38 mm. Depending on the wall thickness and external diameter, use reinforcing sleeves.
Take care in tightening the progressive ring.

16.7.5 Buildings and installationsAssembly, insulation and surface treatment of pipes

Pipe brackets and supports

Fasten pipes to consoles or walls with clamps, round steel clips, etc. In the case of pipes
running horizontally, select the mounting span according to the pipe diameter. In the
case of pipes subject to expansion because of the high temperature of the operating me-
dia they carry, adjust the bearings to the conditions. Implement bearings as fixed mounts
and free-running mounts. Where appropriate, consider the possibility of structure-borne
noise.

Insulating pipes

Depending on the temperature of the operating media they carry, fit pipes with heat insu-
lation to provide contact protection. Select the insulation thicknesses to avoid the surface
temperature of the insulation exceeding 60 °C. Alternatively, achieve contact protection
by other means, for example by fitting perforated metal sheeting or wire mesh at an ap-
propriate distance from the object. O
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Surface treatment, coloring

Always paint all piping, with the exception of stainless steel pipes. Thoroughly clean pipes.
Provide piping with a primer and top coat, for the required corrosion protection class and
protection duration.

Coat pipes provided with heat insulation in primer only.

Provide high-heat resistant coatings for steel exhaust pipes.

Insofar as no particular colors are otherwise specified, select the colors in accordance with
DIN 2403. This standard lays down the requisite colors for pipes dependent on the media
they carry.

Leak tightness

Check piping for leaks during filling and commissioning.

16.8 Buildings and installationsMeasuring devices, monitoring devices, and limiting devices

16.8.1 Buildings and installationsGeneral specifications

16.8.1.1 Buildings and installationsBasic principles

The measuring devices, monitoring devices, and limiting devices are used to protect and
control the CHPS module. Moreover, they are needed to fulfill the safety requirements for
heat generators.

An EU declaration of conformity and CE marking are necessary for measuring devices,
monitoring devices and limiting devices. The EU declaration of conformity confirms fulfill-
ment of the Low Voltage Directive 2014/35/EU and the Electromagnetic Compatibility Di-
rective 2014/30/EU.

When installing the measuring devices, monitoring devices, and limiting devices, the man-
uals for operation, , use, and maintenance must be taken into account. When installing, it
is essential to take account of the following:

• Permissible ambient temperature

• Permissible operating media

• Permissible operating media temperature

• Permissible operating pressure

• Permitted position for installation

• Permissible flow speed

• Required minimum immersion depth

• Selection of cables according to chapter Overview of cabling [} 340]
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16.8.1.2 Buildings and installationsMonitoring as per DIN EN 12828

In order to limit temperature, pressure, flow and low water level, the devices must fulfill
the following requirements:

• Temperature monitors and limiters must be tested according to DIN EN 14597 (lim-
iters with reactivation lock)

• Pressure limiters must be component-tested according to VdTÜV Technical Leaflet
“Pressure 100/1” with reactivation lock

• Flow limiters must be component-tested according to VdTÜV Technical Leaflet
“Flow 100”

• Fill level limiters must be component-tested according to VdTÜV Technical Leaflet
“Fill level 100/2”

16.8.2 Buildings and installationsComponents and parts

16.8.2.1 Buildings and installationsTemperature measurement

Water circuit temperatures are recorded with temperature sensors and exhaust gas tem-
peratures are recorded with thermocouples. The temperature-dependent changes in re-
sistance and thermoelectric voltage are converted via transmitters in the sensor head into
a standardized 4 – 20 mA signal.

Installation notes for temperature sensor

Fast measuring of dynamic temperature changes is an absolute requirement for a good
control system. The installation position has a great influence on the response times and
measuring errors.

The following illustration shows good and bad examples of installation in piping. The
length of the immersion sleeves has to be adapted to the piping so that the sensor tip
measures the temperature in the core of the flow. The sensor has to be connected to the
immersion sleeve thermally by a conductive medium. Temperature-proof oils and heat-
conductive pastes are suitable for this. Insulating air gaps between the immersion sleeve
and sensor have to be avoided in all cases.

Example:

bad (sensor not in the core of the flow)

Example:

good (sensor in the core of the flow)
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3694933771: Installation of the temperature sensor

1 Pt100 sensor 2 4 to 20 mA transmitter

3 Immersion sleeve with air gap 4 Gap filled with thermally conductive
medium

16.8.2.2 Buildings and installationsExhaust back pressure monitoring

A gas pressure monitor specially designed according to VdTÜV Technical Leaflet “Pressure
100/1” is used to monitor the exhaust back pressure. The measuring line must always
slope upwards towards the sensor.

16.8.2.3 Buildings and installationsDifferential pressure monitoring

Differential pressure switches are used to monitor differential pressures.
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16.9 Buildings and installationsCabling

16.9.1 Buildings and installationsOverview of cabling

The cabling for a CHPS plant comprises power cables, supply lines for auxiliary drives,
control cables and signal lines.

The power cables must be laid separately from the control cables and signal lines. It is es-
sential to use flexible, oil-resistant, fine-wire gas trains (e.g., H05VV5-F).

Analog signals shall also be shielded (shielding to be composed of tinned copper braid
with a minimum of 85 % coverage such as H05VVC4V5-K, not aluminum foil).

For the supply lines to the auxiliary drives, flexible, oil-resistant, fine-wire engine connec-
tion lines must be laid (e.g., H05VV5-F).

Cables for outside installation need to be suitable for installation in open air (weather-
proof, UV-resistant, e.g., ÖLFLEX classic).

The supply lines for frequency controlled drives need additional shielding (e.g., TOPFLEX
EMV-UV-2YSLCYK-J). For frequency controlled drives, the total length of 100 m for the
pipeline may not be exceeded.

Flexible single-core cables made of copper with rubber sheathing, e.g., NSGAFÖU, should
be used for connecting starter batteries to the electric starters.

For the generator power cables, flexible multi-wire power cables (25 mm2 and upwards)
made of copper must be used (e.g., NSGAFÖU for low voltage and NTMCWOEU for
medium voltage).

As protection against overload and short circuit, the lines must be fitted with miniature
circuit breakers as per DIN VDE 0641 and/or DIN EN 60898; circuit breakers as per
DIN EN 60947-2 (IEC 60947-2) must be provided for the engines. The layout of the ca-
bling should always be based on the currently applicable version of DIN VDE 0100. The
cables must be routed through appropriate installation ducts and cable support systems.
The cables must be laid in such a way as to prevent damage to the cable sheathing. This is
of particular importance where cables are laid on a cable support system. That is, ade-
quate edge protection must be provided. As a matter of principle, cables must be fixed or
secured in such a manner as to prevent tension on the terminals (strain relief).

When laying cables, attention must be paid to the measures designed to safeguard elec-
tromagnetic compatibility.

• Required information: General [} 345]
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Cable glands with integral strain relief must be used. The size must be selected to suit the
external diameters of the cables.

Power cables must be laid short circuit-proof and must be selected according to
bundling, type of laying and ambient influences.

When choosing and laying lines, the following points must be considered:

• Avoid possible mechanical or electrical interference between neighboring circuits.

• Consider the heat given off by lines or the chemical and physical effects of the line
materials on adjacent materials such as structural materials or decorative materials,
insulating conduits, fastenings.

• Consideration of the effect of the current heat on the materials used for conductors,
connections, and couplings.

16.9.2 Buildings and installationsSafety requirements for cables and lines

16.9.2.1 Buildings and installationsBoundary conditions for the safe use of cables and lines

Operating conditions

The lines selected must be suitable for the operating conditions and the respective pro-
tection class of the equipment concerned.

The operating conditions include, among others:

• Voltage

• Current

• Protective precautions

• Bundling of lines

• Type of laying

• Accessibility

The lines selected have to be suitable to withstand all external influences which may arise.

These external influences include, among others:

• Ambient temperature

• Rain

• Water vapor or accumulated water

• Chemicals and operating media (e.g., lube oil)

• Mechanical stresses (e.g., fluctuations and vibrations)

• Animals (e.g., rodents)

• Radiation (e.g., sunlight)
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Voltage

The rated voltage of a line is the voltage for which the line is designed and which is used
as a definition for electrical tests. The rated voltage is specified in Volts using two values
Uo / U:

• Uo is the r.m.s. value of the voltage between an external conductor and ground
(metal sleeves of the line or surrounding medium).

• U is the r.m.s. value of the voltage between two external conductors of a multi-core
line or a system of single-core lines.

• In an AC voltage system, the rated voltage of a line must at least correspond to the
Uo and U values of the system.

Current carrying capacity

The nominal cross-section of a conductor should be selected so that its current carrying
capacity is not less than the maximum continuous current flowing through the conductor
under normal conditions. The limit temperatures to which the current carrying capacity
relates must not be exceeded either for the insulating sleeve or sheathing of the respec-
tive line type. Among the defined conditions is also the manner in which the line is laid.
Attention should be paid here to the specified permissible current loads.

The conditions to be taken into account include, among others:

• Ambient temperature

• Bundling of lines

• Type of overcurrent protection

• Heat insulation

• Rolled or coiled lines (should be avoided)

• Frequency

• Effects of harmonics.

The conductor cross-section shall not be selected simply in accordance with the requisite
current carrying capacity (DIN VDE 0298-4). Rather, the requirements for protection
against hazardous shock currents, overload currents, short-circuit currents, and voltage
drop should be considered. Where lines are to be operated for extended periods at tem-
peratures higher than those specified, they may suffer serious damage. This damage can
lead to premature failure, to a significant impairment of their characteristics and life
threatening situations.

Thermal influences

Lines should be selected, laid and installed so as to ensure that the anticipated release of
current-induced heat is not obstructed and there is no risk of adjacent materials catching
fire. The limit temperatures for the individual line types are specified by the manufacturer.
The specified values must, under no circumstances, be exceeded due to the interaction
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between internal current-induced heat and ambient conditions. The typical temperature
range for permanently laid standard cables is from -40 °C to +80 °C. If higher tempera-
tures occur, cables with greater heat resistance must be used.

Mechanical influences

When assessing the risks of mechanical damage to the lines, consideration must be given
to all mechanical stresses which might arise.

Tensile load

The strain values specified for the cables must not be exceeded. Typical values are 50 N/
mm² for permanently installed lines and 15 N/mm² for flexible lines. In cases in which the
above-mentioned values are exceeded, a separate strain relief element or similar should
be fitted. Such strain relief elements should be connected to the line in such a way that
they do not damage the line.

Bending stresses

The minimum bending radius must always be checked and complied with for the particu-
lar lines and cables used.

The specified bending radii apply at ambient temperatures of 20 °C (±10 K). For other
ambient temperatures, account must be taken of the manufacturer's specifications. Bends
should be avoided in the immediate vicinity of external or internal fixing points.

Pressure load

Lines should not be subjected to such pressure as might damage them. For example, lines
must not be driven over or subjected to other loads.

Torsional stresses

Flexible lines are not intended to support torsional stresses. Where such torsional stresses
are unavoidable, this must be clarified on a case-by-case basis with the cable manufac-
turer.

Types of use and stress

Electrical lines may be divided between the following types of use:

• Cables for use in interior rooms, e.g., CHPS room

• Cables for use in the open air, e.g., supply line for radiators
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16.9.2.2 Buildings and installationsSafety requirements for the safe use of cables and lines

Fundamental requirements

When used in the manner intended, cables and lines should be regarded as safe. Cables
and lines present no unacceptable risk to life or property.

General Requirements

Lines should be chosen such that they can withstand the occurring voltages and currents.
This applies to all operating states, to which lines are exposed in an operating medium,
plant or parts of a plant. The lines must be structured, laid, protected, deployed, and
maintained in such a way as to avoid hazards as far as possible.

Power cables must be laid short circuit-proof and must be selected according to
bundling, type of laying and ambient influences.

Cable design for normal operation

The conductor cross-section must be selected to ensure that, at the current load specified
for the conductor, the permissible operating temperature is not exceeded at any time or
at any point. The heating or the current carrying capacity of a cable or line is dependent
on its structure, material characteristics and operating conditions.

The additional heating effect of heating ducts, solar radiation, etc. on bundled cables or
lines should be considered and avoided. Where covers are used, it is important to ensure
uninterrupted air circulation.

Operation mode

Continuous operation represents constant current operation, the duration of which is at
least sufficient for the operating equipment to reach thermal steady-state, but is not oth-
erwise limited in time. The design values for cables and lines are based on continuous op-
eration, whereby the permissible operating temperature of the conductor is reached.

Ambient conditions

Ambient conditions are marked by, among other things, the ambient temperature, heat
loss and heat radiation. The ambient temperature is the temperature of the ambient air
when the cable or line concerned is not under load. The reference temperature is +30 °C.
The operating conditions for cables and lines may vary both in the case of heat loss, for
example in closed rooms, underfloor cable ducts, etc., and under the influence of radiated
heat, e.g., the effects of the sun.

Conditions and requirements for permanently laid lines

Requirements for lines which are to be permanently laid are as follows:

• Lines must not come into contact with nor be laid in immediate proximity to hot sur-
faces, unless they are suitable for it.

• Lines must not be laid directly in the soil.
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• Lines must be secured in an appropriate manner. When selecting the distance be-
tween fixings, the weight of the line must be considered.

• The line must not be damaged by the mechanical means of fixing employed.

• Lines which have been in use for some time can be damaged if changes are made to
the manner in which they are laid. This is due to the natural effect of aging on the
physical characteristics of the materials used for insulating sleeves and sheathing.
This process is accelerated by higher temperatures.

Requirements for flexible lines

• The length of connecting lines must be selected so as to be certain that the short-cir-
cuit protection devices will respond.

• The lines should not be subjected to excessive stresses due to strain, pressure, fric-
tion, twisting or kinking.

• Strain relief devices and connections must not be damaged.

• The lines must not be laid beneath covers or other operating equipment. There is a
risk that they may suffer damage due to excessive heat build-up or mechanical dam-
age due to being walked on.

• The lines shall not come into contact with nor be laid in the immediate proximity of
hot surfaces.

• Observe the permissible bending radii.

16.9.3 Buildings and installationsMeasures to safeguard EMC

16.9.3.1 Buildings and installationsGeneral

The line arrangement contributes to an essential part of the EMC of a plant. The lines are
graded in four groups:

Group I Very interference-susceptible (analog signals, measuring lines)

Group II Interference-susceptible (digital signals, sensor cables, 24 VDC switch
signals)

Group III Fault source (control cables for inductive loads, unswitched power ca-
bles)

Group IV Strong fault source (output cables of frequency converters, switched
power cables)

Table 52: EMC and line routing

Crossing should be avoided when arranging the cables. If there are unavoidable crossings,
the lines of the different groups must cross at right angles.
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16.9.3.2 Buildings and installationsEMC instructions for use of frequency converters

Depending on the EMC requirement (environmental class 1 or environmental class 2) and
type of frequency converter, EMC filters are required. Attention must be paid to the ca-
bling instructions and EMC instructions in the operating manual.

16.9.3.3 Buildings and installationsCable ducts

• Metallic cable ducts must be included in the grounding concept and connected con-
tinuously

• Reduction of the magnetic field through distance of the cable troughs (see next illus-
tration)

• Lines are installed in various cable ducts

• Power cables and control cables are separated by a metallic separator

3698873867: Cable troughs

The recommended minimum distance between cable troughs is 0.15 m. The troughs
should be electrically connected to the vertical carriers. The cable duct for the signal
transmission lines should be covered. In general, the power cables of generators should
be laid separately. In the case of power cables, it must be noted that the type of routing
has a significant influence on the current carrying capacity of the line. The correction fac-
tors in the standards must be observed here.

The correction factors in the standards must be observed here. The standard VDE 0298
specifies a distance of 0.3 m between the cable conductors and to the ceiling when rout-
ing cables on cable conductors.
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16.9.3.4 Buildings and installationsCable glands

In the case of particular EMC requirements, EMC-type cable fittings should be used. In
general, chromed brass fittings are used. Separate specifications must be observed for fit-
tings for generator power cables.

Required information

• Generator power cables [} 347]

16.9.4 Buildings and installationsGenerator power cables

The standards and directives applicable at the installation site must always be observed
for the layout and routing of generator cables. The cable layout based on the German
regulations is described in the following sections.

16.9.4.1 Buildings and installationsCable layout

NOTE

The specifications relate to the standard DIN VDE 0298‑4: 2023-06 (IEC 60364-5-52:2009)
which applied when this document was created, and may have to be updated. If different
rules and regulations apply on site, these must be observed.

This chapter contains a general description of the procedure for the planning of the re-
quired power cables for connecting the generator to the power supply mains.

The typical energy distribution systems from Caterpillar Energy Solutions (CES) are re-
quired. The following description is based on the specifications in the standard
DIN VDE 0298‑4. As this is very comprehensive, the following information is focused on
the relevant content of the standard

Required information

• Standard DIN VDE 0298‑4: 2023-06 (IEC 60364-5-52:2009) Application of cables and
insulated lines in power installations – Part 4: Recommended current load ratings of
cables and lines for fixed routing in and on buildings and of flexible lines

Calculation method

The calculation method is based on the maximum and permanently permissible operating
current that flows through the cables connected to the genset when used as intended. A
cable type and its cable size must be selected for this. For this selection, the cable manu-
facturer or the standard that applies for the cable specifies a current carrying capacity un-
der standard conditions which must be transferred to the actual situation on site. This is
transferred by classifying the on-site situation (temperature, type of laying) into variousO
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classes with their specific correction factors. For the final cable layout, the number of re-
quired cables with the selected cable size and planned type of laying is calculate from
this, or the layout is optimized using a different cable size or type of laying.

Step Task Comment

1 Define the maximum operating cur-
rent of the genset

See Technical data for the genset or
values defined during project plan-
ning

2 Select cable type and select cable
size

See “Notes on cable selection” be-
low

3 Determine the theoretical current
carrying capacity of the cable type

See Technical data provided by the
cable manufacturer

4 Determine the correction factor for
the expected ambient temperature
on site

See Standard specified above, Ta-
ble 171

5 Determine the correction factor for
the generally planned type of laying

In containerized power stations
from CES, this is generally the value
for cables laid in bundles in the air
(see Standard specified above, Ta-
ble 142)

6 Determine the correction factor for
the actual implementation of this
type of laying

In containerized power stations
from CES, this is generally the value
for cable conductors in draft-venti-
lated rooms (see Standard specified
above, Table 243)

7 Calculate the current carrying ca-
pacity of the cable type in practice
and the required number of cables

See Formula in the standard or Ex-
ample calculation [} 354]

8 Final cable selection or optimization

Table 53: Calculation method steps
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1 Table 17 – Conversion factors for ambient temperatures above or below 30 °C for the
current load ratings of cables and lines in air
2 Table 14 – Operating conditions for lines with rated voltages of 0.6/1 kV or higher in col-
umn 4 for bundling in three-phase current circuits
3 Table 24 – Conversion factors for bundling of single-core cables or lines on

cable troughs and cable conductors

Notes on cable selection

Caterpillar Energy Solutions (CES) recommends the following cables, which are also used
in the CES switchgear systems:

• Low-voltage applications: Cable NSGAFÖU

• Medium-voltage applications: Cable NTMCWOEU

Other cable types can also be used. It must be ensured that these involve flexible cables,
as only limited space is available in the generator connection boxes. It is also necessary to
check whether the cables can be used at the installation (for example USA and Canada re-
quire special cables).

Notes on ambient temperature

The ambient temperature has an effect on the current carrying capacity of the power ca-
ble. A relatively high temperature is produced in the genset room due to the heat dissi-
pated from the engine. Therefore the cable types used should have a permissible operat-
ing temperature at the conductor of at least 90 °C.

Notes on type of laying (laying conditions and cable bundles)

The load-bearing capacity of the cables also depends on whether direct current circuits,
alternating current circuits or three-phase current circuits are involved. The specifications
in the standard for three-phase current networks are relevant for the energy supply plants
from CES.

Correction factor for the general laying type

The values for the laying of bundled or touching lines are relevant for the energy supply
plants from CES. Correction factors are available for selection for:

• Laying on surfaces (e.g., floor, wall)

• Laying free in the air (e.g., cable conductors)

• Laying in tubes or channels
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Correction factor for the special laying type

In addition to this factor, the correction factor specified in the standard must be consid-
ered for the special laying type.

It must be ensured during the laying that the heat resulting due to the load on the cables
can be dissipated. Various factors play a role here, for example the substrate, the spacing
between the cables themselves as well as the distance to the surrounding parts.

When using a cable conductor where the cables are surrounded by air on all sides, the
heat can be dissipated significantly better than, for example, on a cable trough. The CES
containerized power stations are therefore designed with cable conductors as standard.

The correction factors for the laying of cables on cable conductors and cable troughs
specified in the standard relate, for example, to laying cables in bundles of three (see next
illustration).

3698877067: Example illustration for laying in bundles of three

1 Distance of cable bundles from the
side wall: > 20 mm

2 Distance between cable bundles: at
least twice the cable diameter

3 Distance between the cable level and
the ceiling: at least 300 mm
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Designations: (L) Phase, (N) Neutral conductor

For standard containerized power stations from CES, it is safe to assume that there is con-
tinuous ventilation, and as a result, there is no accumulated heat. Cables can therefore be
laid as shown in the following illustration. This type of laying can also be used for draft-
ventilated genset rooms in compliance with the ambient conditions.

3698880267: Example illustration of laying cables in bundles of four

1 Distance of cable bundles from the
side wall: > 20 mm

2 Distance between cable bundles: at
least the cable diameter

3 Cable bundle rotated 90° 4 Distance between the cable level and
the ceiling: at least 300 mm

5 Power cable and PE cable 6 Metallic separator

7 Control cables
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Designations: (L) Phase, (N) Neutral conductor, (PE) Protective conductor

Alternatively, single cables can also be laid with spacing between them, but this will in-
crease the amount of space required (see next illustration).

3698881931: Example illustration of unbundled laying of single cables (medium voltage)

1 Distance between cables and the side
wall: > 20 mm

2 Distance between cables: at least the
cable diameter

3 Distance between the cable level and
the ceiling: at least 300 mm

Designations: (L) Phase

The correction factors in the standard must be observed for other types of laying.

Recommendation

In order to keep the correction factors as low as possible, laying on a cable conductor is
recommended. All power cables are arranged horizontally in groups of four on a cable
conductor. If several cable conductors or cable troughs have to be laid over one another
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for space-related reasons, the correction factors specified in the standard apply. The cable
conductors must have a minimum distance of 300 mm from the ceiling and between one
another.

When you compare the correction factors specified in the standard for the laying type
shown in the illustration “Laying cables in bundles of three on cable troughs and cable
conductors” above, we see that:

• laying cables on cable conductors gives a more favorable correction value as the heat
is dissipated better

• laying cables on a cable conductor will not reduce the current carrying capacity of the
cable (this is the case even if the number of three-pole current circuits is higher than
3)

• even arranging eight cables per phase on one cable conductor works well as long as
the specified distances are observed.

The same applies for laying cables as shown in the previous illustration “Example illustra-
tion of laying cables in bundles of four” in draft-ventilated rooms.

Assembly notes for making cable bundles

• The cable bundles must be wrapped every 0.5 m with five wraps and fixed every 2 m
with cable clamps on the cable conductor.

16.9.4.2 Buildings and installationsNeutral conductor

According to the current guideline, the N-conductor can be designed with half cross sec-
tion, given that the harmonic content in the current is less than 10 %. As the harmonic
currents depend on the load, in other words the consumers, these vary specific to the
plant. The N-conductor is therefore listed with complete cross section in the overview ta-
ble.

Required information

• Table “Cable layout overview” in chapter Overview of cabling [} 340]

16.9.4.3 Buildings and installationsShort-circuit-proof laying

In the event of a short-circuit, enormous forces result, which can cause the power cables
to move considerably. In order to prevent damage to the insulation of the cables or to
surrounding parts, short-circuit-proof laying must be ensured. The cable bundles are
wrapped with five wraps of cable bundle tape every 0.5 to 1 m for this purpose. To pre-
vent the cable bundles from moving, they are fastened to the cable conductor with a ca-
ble clip every 2 m. The minimum bending radii of the cables used must always be ob-
served for the laying. Failure to comply can result in damage to the insulation.
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16.9.4.4 Buildings and installationsScrew fittings

Screw connections with integrated strain relief must be used for introducing the power
cables in the generator terminal boxes. These prevent forces from acting on the connect-
ing terminals in the generator. In addition, the screw connections should not exhibit any
edges where the cable chafes, thereby damaging the insulation. In this case, Caterpillar
Energy Solutions recommends using so-called bell-mouth screw connections (see next il-
lustration).

3698897931: Bell-mouth screw connection

16.9.4.5 Buildings and installationsCable outlet

The cable outlet can be realized on both sides (right or left) upwards or downwards out of
the generators. The low-voltage generators are connected upward and the medium-volt-
age generators are connected downward as standard.

The cables must be held with a suitable device at a relatively close position downstream
of the outlet from the generator (see illustrations below). The cables must be fastened
with cable clamps. Fastening with cable ties is not permissible as this results in damage to
the insulation. It must also be ensured that the cables are not laid with tension but in-
stead provided with a curvature, which prevents the genset from vibrating.

16.9.4.6 Buildings and installationsExample calculation

NOTE

The specifications relate to the standard DIN VDE 0298‑4: 2023-06 (IEC 60364-5-52:2009)
which applied when this document was created, and may have to be updated.

The cable calculation is based on a TCG 2020 V12 with 400 V ± 10 %, 50 Hz as an exam-
ple.

Cable type and current carrying capacity

The recommended cable NSGAFÖU with a cross section of 300 mm² is selected.

The current carrying capacity for a single laid line is:

• 898 A*
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* as per data sheet or the applicable standard for the selected cable type

Correction factor for ambient temperature

The example should also apply to containerized power stations from CES. Since tempera-
tures of up to 45 °C in summer are possible there in the standard version, this ambient
temperature is assumed as the basis for the calculation.

Since the selected cable type must be suitable for a permissible operating temperature at
the conductor of at least 90 °C, this results in the following correction factor:

• 0.87*

* Table 17 in the standard specified above

Correction factors for laying type

In the containers, the low-voltage power cables are laid in bundles of four on the cable
conductors as standard.

For the laying of bundled lines in air, this results in the following correction factor:

• 0.7*

* Table 14 in the standard specified above

Since this is three-phase current, all cables are laid on one cable conductor and the con-
tainers are draft-ventilated, this results in the following correction factor:

• 1.0*

* Table 24 in the standard specified above

Result

Applying the above correction factors yields a current carrying capacity per cable of:

898 A × 0.87 × 0.7 × 1.0 = 547 A

The maximum permanently permissible operating current of the genset flows at a power
factor cos(phi) of 0.8 % and 10 % undervoltage and is calculated as follows:

3698905099: Operating current formula
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The number of cables to be used per phase is calculated from the maximum current and
the current carrying capacity of the cable:

• 2406 A / 547 A = 4.4

• 5 cables per phase must be selected

NOTE

This calculation method can be adapted to all genset combinations. If different rules and
regulations apply on site, these must be observed. If different cable types are selected,
their correction factors apply.

16.9.5 Buildings and installationsStarter cables and starter batteries

Risk of destruction of components

If the requirements for starter batteries and their cables are not observed

Overloading of the starting system due to the high drive power of the starter

As previously mentioned, the starter cables are flexible single-wire rubber lines made of
copper, e.g., NSGAFÖU in accordance with VDE 0250-602. The required line cross section
is derived from the power of the starter, the battery capacity, and the cable length for the
feed and return line to the starter battery. The cable cross sections required for the differ-
ent cable lengths can be found in the terminal connections diagram for the respective
genset.

Further information

• Overview of cabling [} 340]
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Starter batteries

Caterpillar Energy Solutions supplies lead accumulators with capacities of 143 Ah/12 V
and 225 Ah/12 V as starter batteries. The battery capacity required for the respective
genset is specified in the respective data sheet as well as in the terminal connections dia-
gram. Arranging in individual cases, double cases, or quadruple cases are possible for in-
stallation of the starter battery.

The size of the battery supply used must be matched to the size of the starter on the en-
gine. The starters on the engine require a voltage of 24 VDC. The voltage and the required
capacity are shown on the corresponding circuit of the standard commercially available
12 V lead batteries.

Genset Starter version Number of batter-
ies

Voltage/capacity

Units V/Ah

TCG 3016 V08 Single starter 2 12/143

TCG 3016 V12 24/143 (Fig. “Wiring
of 2 batteries each
with 12 V”)

TCG 3016 V16 Single starter 4 12/143

24/286 (Fig. “Wiring
of 4 batteries each
with 12 V”)

2 12/225

24/225 (Fig. “Wiring
of 2 batteries each
with 12 V”)

TCG 2020 / TCG
3020

Double starter 4 12/225

24/450 (Fig. “Wiring
of 4 batteries each
with 12 V”)

Table 54: Recommended battery supply
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3699247115: Wiring of 2 batteries each with 12 V

1 - 2 12 VDC 3 24 VDC

3699249675: Wiring of 4 batteries each with 12 V

1 - 4 12 VDC 5 24 VDC
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An important parameter in determining the suitability of a starter battery is the cold
cranking amp rating (CCA rating). CCA rating definitions can vary according to DIN, IEC,
SAE and DIN EN.

DIN 43539-2 provides the following definition:

To measure the CCA rating, a fully charged 12 V battery is discharged at a temperature of
-18 °C until it reaches a voltage of 6 V. After 30 seconds, the battery must maintain a volt-
age of at least 9 volts and at least another 150 seconds must pass before a voltage of 6 V is
reached.

IEC, SAE and DIN EN definitions differ from the DIN definition. According to the different
regulatory bodies' definitions of CCA ratings, there are fixed conversion calculations.

According to the above standards, CCA ratings for 143 Ah and 225 Ah batteries supplied
by Caterpillar Energy Solutions are given in the following table.

CCA rating in A according to definition by

Battery DIN 43539-2 DIN EN 5034
2

SAE J537 IEC 60095-1

12 V/143 Ah 560 950 1000 645

12 V/225 Ah 675 1150 1200 775

Table 55: CCA rating for starter batteries

Starter cables

Correct dimensioning of the starter cables is necessary for the fault-free functioning of
the battery and starter system. Cable lengths and cross-sections must fit to the battery
system and starter size. The cable dimensions of the starter main lines for the gensets are
given in the following tables.

Cable length* of starter main line in m

1 – 8

Genset Battery package Cable cross section in mm²

TCG 3016 V08 /
TCG 3016 V12

24 V/143 Ah 95

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1



Buildings and installations

360
Installation directive

Plant 3020; 3016; 2032; 2020; 2016

Cable length* of starter main line in m

(2 x 12 V/143 Ah)

* Sum of the lengths of the supply line from the battery to the starter and the return
line from the starter to the battery

Table 56: Starter main line for 143 Ah batteries

Cable length* of starter main line in m

4 – 6 6 – 18 18 – 24

Genset Battery package Cable cross section in mm²

TCG 3016 V16 24 V/286 Ah

(4 x 12 V/143 Ah)

70 95 120

* Sum of the lengths of the supply line from the battery to the starter and the return
line from the starter to the battery

Table 57: Starter main line for 143 Ah batteries

Cable length* of starter main line in m

1 - 8 8 - 14 14 - 18

Genset Battery package Cable cross section in mm²

TCG 3016 V16 24 V/225 Ah

(2 x 12 V/225 Ah)

95 120 160

TCG 2020 / TCG
3020

24 V/450 Ah

(4 x 12 V/225 Ah)

185 240 -

* Sum of the lengths of the supply line from the battery to the starter and the return
line from the starter to the battery

Table 58: Starter main lines for 225 Ah batteries
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The optimal positioning of the batteries is as close as possible to the starter, since the re-
quired cross sections of the starter cables are small in this case. Positioning in the area of
the generator's cooling air inlets is not permissible, since acidic vapors that escape from
the starter batteries can cause damage to the generator.

The starter batteries are charged while dry. They are filled with battery acid at the installa-
tion site.

The safety instructions given in the operating manuals must be observed for the mainte-
nance of the starter batteries.

All-pole fuse protection of the battery charging voltage must be provided. Grounding of
the starter battery ground terminal is also recommended.

Connection terminals

Tightening torques for the connection terminals of the engine starter: (extract from Bosch:
“manual Basis - TKU [page 39]“)

• Terminal 31 (battery minus) M10 or M12 steel with Sn surface coating 24 ±4 Nm

• Terminal 30 (battery plus) M12 copper, with optional Ag surface coating 26 ±4 Nm

• Terminal 50 (control line) M6 steel 3.7 ... 4.6 Nm

16.9.6 Buildings and installationsStarter cable when using a mains starting device

The gensets can be started with a mains starting device as an alternative to starter batter-
ies. Starting the genset is then possible only with mains voltage.

Delivery conductor and return conduc-
tor

Cable cross section

1 m to 10 m 185 mm2 or AWG1) 350 MCM2)

10 m to 14 m 240 mm2 or AWG1) 500 MCM2)

1) American Wire Gauge
2) Mille Circular Mils

Table 59: Starter main line for mains starting device
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16.9.7 Buildings and installationsGrounding system

The grounding system for the plant design must also be considered in good time. This
means it must be studied according to the customer single line diagram of the whole
plant. Due to the complexity of some plants, the grounding concept must be adapted to
the individual requirements. The grounding concept and the implementation of the
equipotential bonding is the responsibility of the customer or the operator.

Required notes on the grounding system and equipotential bonding

• Concept for protective grounding, protective conductor and protective equipotential
bonding [} 29]

16.9.8 Buildings and installationsTEM, TPEM and PLC power supply

The power supply of the TEM system or the TPEM system is provided by one or multiple
switching power supplies in combination with batteries. The batteries provide sufficient
voltage in the case of a mains failure so that the plant can be shut down in a controlled
manner.

The following demands apply for the power supply of the TEM system or the TPEM sys-
tem as well as optional PLC, measurement devices or some actuators installed in the aux-
iliary cabinet (HAS):

• Power supply to genset control cabinet (AGS):

– 24 VDC ± 5 % - residual ripple < 0.5 VSS

• Power supply to TPEM Control Cabinet (TPEM CC):

– 24 VDC ± 10 % - residual ripple < 0.2 VSS

O
pe

ra
to

r L
ev

el
 (O

L)
 / 

90
07

20
20

86
10

97
07

 - 
EN

 / 
20

24
-1

1


	 Contents
	1 Information
	1.1 Foreword
	1.2 Feedback on documentation

	2 Safety
	2.1 General
	2.2 Responsibilities
	2.2.1 Manufacturer
	2.2.2 Operator and employer representative

	2.3 Possible hazards at energy supply plants
	2.3.1 Mechanical hazards
	2.3.2 Electrical hazards
	2.3.3 Thermal hazards
	2.3.4 Hazard due to noise
	2.3.5 Hazards generated by radiation
	2.3.6 Hazard generated by materials and substances
	2.3.7 Ergonomic hazards
	2.3.8 Hazards in conjunction with the application environment of the machine
	2.3.9 Combination of hazards

	2.4 General safety concept
	2.4.1 System overview of the safety concept
	2.4.2 Scope
	2.4.3 Safety matrix

	2.5 Selected safety concepts for hazard prevention in CES plants
	2.5.1 Fire protection concept
	2.5.2 Explosion protection concept
	2.5.3 Lightning protection concept
	2.5.4 Concept for protective grounding, protective conductor and protective equipotential bonding
	2.5.5 Concept for power supply if the mains supply fails
	2.5.6 Concept for protection against water and soil hazards


	3 Technical support and services
	3.1 General
	3.2 Plant planning
	3.2.1 Basic principles
	3.2.2 Plant diagram and single line diagram
	3.2.3 Plant control
	3.2.4 System components
	3.2.5 Plant units and complete plants
	3.2.6 Replacing existing plants

	3.3 Services
	3.4 Training
	3.5 Documentation
	3.6 Service Library

	4 Basic planning principles for energy supply plants
	4.1 Structure and function
	4.1.1 Purpose
	4.1.2 Structural design
	4.1.3 Energy conversion process and media flows
	4.1.4 Example

	4.2 Assessment of demand
	4.2.1 Annual consumption curves
	4.2.2 Power demand
	4.2.3 Heat demand

	4.3 Overview of control modes, operation modes and reference variables
	4.3.1 Introduction
	4.3.2 Overview tables

	4.4 Minimum loads
	4.5 Provision of control energy
	4.6 Fast Ramp-Up
	4.7 Back-up power operation
	4.8 Transient performance capability (island operation)
	4.8.1 Processes and terms
	4.8.2 Notes for planning
	4.8.3 Introduction to the genset-specific description

	4.9 Starting of large consumers (island operation)
	4.10 Black start capability (island operation)
	4.11 Exhaust gas emissions (island operation)
	4.12 Active power load share (island-parallel operation)
	4.13 Other operation modes

	5 Types of power stations
	5.1 Power station with one genset
	5.1.1 Power station overview
	5.1.2 Structure and function

	5.2 Power station with several gensets
	5.2.1 Power station overview
	5.2.2 Structure and function

	5.3 Containerized power station
	5.3.1 Power station overview
	5.3.2 Structure and function
	5.3.3 Transport and installation of containers


	6 Gas engine genset
	6.1 Overview of gensets
	6.1.1 Model series
	6.1.2 Power specifications on the rating plates

	6.2 Structure and function
	6.2.1 Gas engine
	6.2.2 Generator
	6.2.3 Actuators and sensors on the gas engine

	6.3 Transporting the genset
	6.3.1 Overview
	6.3.2 Loading by crane
	6.3.3 Transport on vehicles and ships
	6.3.4 Reloading and unloading
	6.3.5 Storage of gensets and plant components

	6.4 Assembling the genset
	6.4.1 General
	6.4.2 Assembly steps
	6.4.3 Lifting and positioning the genset
	6.4.4 Protecting the genset
	6.4.5 Anti-vibration mounting
	6.4.6 Torsionally flexible coupling

	6.5 Notes on commissioning

	7 Machine room ventilation
	7.1 System overview
	7.2 Structure and function
	7.2.1 Machine room ventilation
	7.2.2 Circulating air temperature control
	7.2.3 Ventilation by use of frequency-controlled or electronically commutated ventilators (EC)

	7.3 Requirements and guide values
	7.3.1 Determining the air requirement

	7.4 Notes on ventilation system planning and operation
	7.4.1 Planning
	7.4.2 Operation

	7.5 Ventilation system components
	7.5.1 Main components
	7.5.2 Protective grating
	7.5.3 Sound-proofing baffles
	7.5.4 Louver dampers
	7.5.5 Filter
	7.5.6 Ventilators
	7.5.7 Air ducts
	7.5.8 Flow monitors
	7.5.9 Smoke and heat sensors
	7.5.10 Gas sensor


	8 Engine cooling systems
	8.1 System overview
	8.2 Structure and function
	8.2.1 General
	8.2.2 Dual-circuit cooling
	8.2.3 Cooling systems for gas engines
	8.2.4 Examples of the layout of cooling systems for gas engines

	8.3 Notes on planning, design and operation
	8.3.1 Mixture cooling circuit
	8.3.2 Dump cooling circuit
	8.3.3 Heating circuit

	8.4 Requirements and guide values
	8.4.1 Fluid pressures
	8.4.2 Pump location
	8.4.3 Max. permissible volume
	8.4.4 Max. permissible temperature gradient

	8.5 Cooling water system components
	8.5.1 Cooling water heat exchanger
	8.5.2 Exhaust heat exchanger
	8.5.3 Cooling systems
	8.5.4 Layout of components - Reserves
	8.5.5 Chillers
	8.5.6 Coolant pumps
	8.5.7 Diaphragm expansion vessel
	8.5.8 Temperature controller
	8.5.9 Coolant monitoring group
	8.5.10 Coolant preheating
	8.5.11 Gas and dirt separator
	8.5.12 Piping

	8.6 Quality of the coolant
	8.7 Venting of the cooling systems

	9 Fuel gas system
	9.1 System overview
	9.2 Structure and function
	9.3 Fuel gases
	9.3.1 General
	9.3.2 Fuel gas type overview
	9.3.3 Methane number
	9.3.4 Accompanying gases and materials
	9.3.5 Water vapor, hydrocarbons and dust in the gas
	9.3.6 CH₄ measurement

	9.4 Requirements and guide values
	9.4.1 Regulations

	9.5 Components of the fuel gas system
	9.5.1 Gas cool drying
	9.5.2 Activated carbon filter
	9.5.3 Mixture treatment
	9.5.4 Gas trains
	9.5.5 Gas-air mixer
	9.5.6 Throttle valve

	9.6 Notes on the fuel gas system
	9.6.1 Start-up of biogas plants
	9.6.2 Servicing and maintenance


	10 Lube oil system
	10.1 System overview
	10.2 Structure and function
	10.2.1 Genset
	10.2.2 Plant

	10.3 Requirements and guide values
	10.3.1 Genset
	10.3.2 Plant

	10.4 Lube oil system components
	10.4.1 Introduction
	10.4.2 Engine prelubrication
	10.4.3 Crankcase ventilation

	10.5 Lube oil
	10.5.1 Lube oil types
	10.5.2 Lube oil with biogas applications
	10.5.3 Changing and replenishing the lube oil


	11 Combustion air system
	11.1 System overview
	11.2 Structure and function
	11.2.1 Definition of ambient air
	11.2.2 Definition of combustion air

	11.3 Requirements and guide values
	11.3.1 Combustion air requirements
	11.3.2 Composition of the combustion air
	11.3.3 Harmful components in the combustion air
	11.3.4 Filtering of the combustion air
	11.3.5 Tropical conditions
	11.3.6 Combustion air quantity

	11.4 Combustion air system components
	11.4.1 Types of filtration for the combustion air
	11.4.2 Muffler
	11.4.3 Combustion air line

	11.5 Pressure losses

	12 Exhaust system
	12.1 System overview
	12.2 Structure and function
	12.3 General planning notes
	12.3.1 Service life
	12.3.2 Exhaust back pressure
	12.3.3 Exhaust gas emissions
	12.3.4 Exhaust piping
	12.3.5 Insulation
	12.3.6 Sulfur oxide in the exhaust gas
	12.3.7 Silicon oxide in the exhaust gas
	12.3.8 Deflagration
	12.3.9 Exhaust gauge connections

	12.4 Components and parts
	12.4.1 Oxidation catalytic converter
	12.4.2 SCR catalytic converter with integrated oxidation catalytic converter
	12.4.3 SCR catalytic converter without integrated oxidation catalytic converter
	12.4.4 Exhaust muffler
	12.4.5 Exhaust flaps
	12.4.6 Exhaust stack


	13 Compressed air system
	13.1 System overview
	13.2 Structure and function
	13.2.1 Starting system

	13.3 Requirements and guide values
	13.4 Compressed air system components
	13.4.1 Compressors
	13.4.2 Compressed air container
	13.4.3 Compressed air pipes

	13.5 Safety notes

	14 Control systems and switchgear
	14.1 System overview
	14.1.1 Control systems
	14.1.2 TEM system
	14.1.3 TPEM system

	14.2 Structure and function of the TEM system
	14.2.1 Structure and function
	14.2.2 Operation log and history
	14.2.3 Diagnostics and service functions
	14.2.4 Technical data (AGS)
	14.2.5 Installation notes for the I/O Controller
	14.2.6 Advantages for the user

	14.3 Structure and function of the TPEM system
	14.3.1 Structure and function
	14.3.2 TPEM Control Cabinet (TPEM CC)
	14.3.3 Installation notes for the TPEM I/O Controller
	14.3.4 Technical data
	14.3.5 Operation of the TPEM system
	14.3.6 Logbook
	14.3.7 History
	14.3.8 Diagnostic functions and service functions

	14.4 Switchgear cabinets and modules
	14.4.1 Auxiliary drives control and supply - Auxiliary cabinet (HAS)
	14.4.2 Power part - Generator circuit breaker cabinet (GLF)
	14.4.3 Central plant control - Master control cabinet (ZAS)
	14.4.4 Grid Demand Interface (GDI) module and TPEM Grid Code I/O Controller

	14.5 Notes for planning and implementation

	15 Power grids and genset connection
	15.1 Grid-parallel operation
	15.1.1 System overview
	15.1.2 Structure and function
	15.1.3 Grid code requirements

	15.2 Island operation and island-parallel operation
	15.2.1 System overviews
	15.2.2 Structure and function
	15.2.3 Notes for planning and operation


	16 Buildings and installations
	16.1 Overview of buildings and installations
	16.2 Requirements for genset installation
	16.2.1 Genset room
	16.2.2 Maintenance area
	16.2.3 Foundation and vibration damping
	16.2.4 Noise emissions

	16.3 Rubber expansion joints
	16.3.1 Function
	16.3.2 Notes for planning
	16.3.3 Storage
	16.3.4 Checks
	16.3.5 Assembly

	16.4 Exhaust expansion joints
	16.4.1 Function
	16.4.2 Notes for planning
	16.4.3 Storage
	16.4.4 Assembly

	16.5 Hose lines
	16.5.1 Function
	16.5.2 Notes for planning
	16.5.3 Storage
	16.5.4 Assembly

	16.6 Fuel gas expansion joints and gas hoses
	16.7 Piping
	16.7.1 General assembly notes
	16.7.2 Material for piping
	16.7.3 Notes on welding piping
	16.7.4 Releasable piping connections
	16.7.5 Assembly, insulation and surface treatment of pipes

	16.8 Measuring devices, monitoring devices, and limiting devices
	16.8.1 General specifications
	16.8.2 Components and parts

	16.9 Cabling
	16.9.1 Overview of cabling
	16.9.2 Safety requirements for cables and lines
	16.9.3 Measures to safeguard EMC
	16.9.4 Generator power cables
	16.9.5 Starter cables and starter batteries
	16.9.6 Starter cable when using a mains starting device
	16.9.7 Grounding system
	16.9.8 TEM, TPEM and PLC power supply



