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Hot topicsin ǘƻŘŀȅΩǎworld



Combined Heat and Power
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Chilled water

SteamHot water 

Electricity
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High electricity to heat ratio favors economics for many CHP plants

Hot air

Usable forms of energy from a gas genset
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Invest

Service

Fuel

Avoided 
cost for heat

Net CoE

Electricity 
Rate
Or

Feed in 
Tariff

Net CoE
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hth

Fuel efficiency and optimized heat usage are biggest 
levers to drive down cost of electricity (CoE)
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Combined heat and power to reduce energy cost
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Cost of electricity - Poland
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Invest
(70PLN/MWh)

Service
(35PLN/MWh)

Fuel
(190PLN/MWh)

Avoided 
cost for heat
(80PLN/MWh)

Net CoE
(210PLN/MWh)

Electricity 
Rate
or

Feed in Tariff
(260PLN/MWh) Net CoE

hel

hth

1% pt = 
PLN 32k/MW&y

1%pt = 
PLN 15k/MW&y

ROI around 4.5 years...

Invest = 3.5MMPLN/MWel, Gas = 80PLN/MWh, Electricity = 260PLN/MWh



So how do we enable?



All rights reserved April 19

Focus Electrical Efficiency/ 
Thermal Efficiency

Emission

Climate 
Conditions

Gas quality

Altitude  Ambient 
Temperature

Requirements/
conditions

TurbochargerValve timingCompression ratio
(pistons) Ignition timing

Hydraulic variants
(heat exchangers)

Levers to 
optimize
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Dŀǎ ŜƴƎƛƴŜǎ ŀǊŜ ƴƻǘ ŀ ǎǘŀǘƛŎ ǇƛŜŎŜ ƻŦ ƛǊƻƴ Χ
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ÅTwo stage oil cooling for high temperature levels

ÅHeat recovery with return water temperatures from 
35ϲC to 85ϲC

ÅHeat recovery with return water temperatures from
70ϲC to 130ϲC

ÅTotal efficiencies of up to 92% with single stage exhaust gas heat 
exchanger 

Interc.
2.stage

Interc.
1.stageOil

Engine

Fully designed, packaged & tested hydraulic integrations enabling max effficiencies

Multiple hydraulicintegrationsto meet different customerneeds
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Full output at high ambient temp.

Full output at high site elevation

70ϲC

1500m

40ϲC

Higher intercooler water 
temperature allowed

500m

Sea level

40ϲC 
Intercooler 
water temp.

30ϲC
Ambient temp.

Gas

Air

Turbo-
charger

Mixture 
cooler

Throttle 
valve

Genset

Twostageturbo charging... Improvedflexibility, larger operatingrange
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Focus electrical efficiency Focus total efficiency

90ϲC

70ϲC

Total efficiency 89.5%

Electrical efficiency 46.6%

Thermal efficiency 42.9%

Total efficiency 91.9%

Electrical efficiency 45.6%

Thermal efficiency 46.3%

Radiator for second mixture cooler
(40ϲC cooling water temp. needed)

90ϲC

70ϲC

Second mixture cooler integrated in 
HW circuit (70ϲC)

Up to 135ϲC

Example J624 - Efficiency optimizations
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J420 C05 J420 C511 J620 J01 J620 J511

Pel [kWe] 1 562 1 562 3 360 3 360

Pth70/90ϲC [kWth] 1 611 1 810 3 147 3 498

eta_el(Geno) [%] 43.3% 42.6% 45.8% 44.5%

eta_th [%] 44.7% 49.3% 42.9% 46.7%

eta_total [%] 88.0% 91.9% 88.7% 91.2%

NT Mixture (40ϲC) [kWth] 115 ~ 280 0

New CHP Versions ςmaximum efficiency enabled by 
integrated mixture cooler & increased exhaust temperature

DedicatedCHP versionsacrossportfolio
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Two stage exhaust heat exchanger - J420 C511
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100 kW thermalȄ лΦлрϵκƪ²Ƙ Ȅ сΣлллƻƘ Ґ ϵ олΣлллΣ-/a

Pth = 1839kW
htotal = 91.4%

Pth = 1939kW
htotal = 94.1%

+100kW
+5% Pth

Break even <1 year in many cases
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Advantages
ÅDriving power = heat
ÅLow operating costs
ÅElectrical energy required: approx. 1% of refrigeration capacity
ÅCŜǿ ƳƻǾƛƴƎ ǇŀǊǘǎ Ҧ [ƻǿ ǎŜǊǾƛŎƛƴƎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘǎ
ÅIncreased annual utilisation ratio of cogeneration plants
ÅVery good behaviour under part-load
ÅCFC-free refrigerants

Disadvantages
ÅRelatively high capital costs
ÅLow power density, large volume of construction
ÅHigh recoolingcapacity

Exhaustgas heat
COP 1.2 ς1.35
separate useof hot water

Combinedexhaustgas 
+ hot water
COP 1.0 ς1.05

Hot water
singlestage
COP 0.7 ς0.75

15

Optimum performance = compromise between gas engine and chiller

Hot Water

Exhaust 
heat only

Total heat

Absorption chillersςCapabilities
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Absorption chillersςfacts& figures
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Absorption chillersςcapabilities

Advantages
Å Driving power = heat

Å Low operating costs

Å Electrical energy required: 

approx. 1 % of refrigeration capacity

Å Few moving parts 
Ҧ [ƻǿ ǎŜǊǾƛŎƛƴƎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘǎ

Å Increased annual utilisation 
ratio of cogeneration plants

Å Very good behaviour under part-load

Å CFC-free refrigerants

Disadvantages
Å Relatively high capital costs

Å Low power density, 
large volume of construction

Å High recoolingcapacity

Exhaustgas heat
COP 1.2 ς1.35
separate useof hot water

Combinedexhaustgas 
+ hot water
COP 1.0 ς1.05

Hot Water

Exhaust heat 
only

Total heat

Best $/kW ratio

Lowest absolute 
invest

Highest chilling 
yield

Optimum performance = compromise between gas engine & chiller

Hot water
singlestage
COP 0.7 ς0.75



A few examples
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Examples:
Brickyard Lundgaard  2x212ςDnk
Wienerberger 1xJ616 ςITA
Cerabrick 6xJ620 ςESP
...
200+ engines; 2,200+MW delivered

95% energy efficiency achievable

Air intake

Heat exchangers

Cold air

Hot air

Hot exhaust

Air outlet

Brick industryςdryingprocess(useall engineheat)
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Up to 135ϲC reachable with J624 at high total efficiency

135.8ϲC

135ϲC

Recoverable thermal power:  3723kW (41.6%)
Electrical power: 4130kW (46.3%)
Total efficiency: 88%

Optimized HE sequence

Large size Exhaust gas heat 
exchanger to allow low DT 

68ϲC

Optimizedhydraulicvariant J624-H01
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EXHE 2

WP EXHE 1

IC 2

35ϲC 120ϲC

120ϲC 385ϲC

90ϲC60ϲC

40ϲC42ϲC

T=

68ϲC

Rad. 
HEX

33ϲC
28ϲC IC 1

Oil
JW

99+% total efficiency demonstrated on annual average!

CHP NeuenfeldeκLbbLh ΧΦ Wпмн/ Ҍ ƘŜŀǘ ǇǳƳǇ
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Units CHP CHP + HP

Pth 1.007 1.279 [kWth]

HP_Pel ~ -72 [kWel]

Pel_net 937 865 [kWel]

eta_el 43.3% 40.0% [%]

eta_th 46.5% 59.1% [%]

eta_ge  89.8% 99.0% [%]

at 60/90ϲC

Pth = +272kW (+27%)
COP 3.5-4

Feasible for heat to electricity value <1:3 & high heat rates

CHP NeuenfeldeκLbbLh ΧΦ Wпмн/ Ҍ ƘŜŀǘ ǇǳƳǇ
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Pak Maya/Izmit
2 x JMC 320 GS N.L

Saturated steam
2 x 822 kg/h (550kW)
(8 bar)

Electrical power: 2 x 1,048 kW
Recoverable heat:     2 x 630 kW
Steam: ~2 x 820 kg/h

Electrical efficiency: 38.9 %
Thermal efficiency (WW): 23.4 %
Steam generation efficiency: 20.4 %
Total efficiency: 82.7 %

23

CHP with warm water and steamgeneration
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Where it makes sense:
ÅHigh altitude & temp. environment
ÅHigh electrical power demand hours
ÅVolatile steam demand
ÅSteam demand < 4times gas engine capability

1000 2000 3000 4000 5000 6000 7000 8000

GE + DB

GT

Gas cost 
continuous electricty, variable  steam

Oh steam/year

A
n

n
u
a

l 
fu

e
l 
co

st

Steam generationwith duct burner



CO2 as a product:
- Greenhouse
- Food & beverage industry

other utilization of exhaust gas
-tǊƻŎŜǎǎ Ǝŀǎ Χ αȊŜǊƻά h2 
(Rich burn engines)
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ά9Ƴƛǎǎƛƻƴǎέ ғ лΣн ҈

N2Ғ тп҈

O2Ғ ф҈

!Ǌ Ғ лΣф҈

CO2Ғ рΣп҈

CO
H2hҒ мл҈

NOx

THC

CH2O

Main components

~170 ppmwet

~500 ppmwet

~800 ppmwet

~30 ppmwet

1Vol.% = 10.000ppm

0,4

0,33

0,28

0,26

0,2

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

lignite hard coal heavy

fuel oil

gas oil

(diesel)

natural

gas

CO2 can have a value - concentration is driven by fuel & AFR

Exhaustgas composition(ExampleNG Lean burn)
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¢ƘŜ ƎǊŜŜƴƘƻǳǎŜ ŎƻƴŎŜǇǘ Χ /h2 as a product

Heat CO2Electricity
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Growingplants in a controlledenvironment

ѷIncreaseof crop(production, quality)

ÅLess illness and damage, Increased CO2 level

ѷTiming of harvest(setting)

ÅPrice deviation throughout the year

ѷYear round cultivation (standardization)

ÅSpecialization of equipment

ѷMinimize the amountof pesticides

ÅPrevent bugs from coming in, and bees from flying out

ѷLowerenergycost

Greenhouse
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Power plant for greenhouse applications
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CO2 seperationwith MEA (MonoEthanolAmineabsorber)

80 - 90% CO2 absorptionefficiency
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Coca-Cola Hellenic Bottling plants throughout Europe use INNIO 
WŜƴōŀŎƘŜǊΩǎCHP engines, reducing operational costs and 
eliminating up to 40% of their annual emissions. For instance, in 
/ƻŎŀ /ƻƭŀ IŜƭƭŜƴƛŎΩǎ wƻƳŀƴƛŀ ōƻǘǘƭƛƴƎ ŦŀŎƛƭƛǘȅ ǘǿƻ Wснл ŜƴƎƛƴŜǎ ŀǊŜ 
supplying a total of 6 MW.

31

Helping Coca Cola to reduce CO2-emissions
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99+% energy efficiency + utilization of exhaust for inertisation

Exhaust of Waukesha VGF Richburn(RB) engines will be cleaned (TWC), cooled and compressed. 
Low O2 content of RB engines allow utilization of exhaust gas for inertisationof autoclaves for production 
of high quality fiber-composites e.g. in aviation industry 

Airbus Stade ςexhaust gas as process gas
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Airbus Stade ςexhaust gas as process gas

33

99+% energy efficiency + utilization of exhaust for inertisation

Exhaust of Waukesha VGF richburnengines will be cleaned (TWC), cooled and compressed. 
Low O2 content of RB engines allow utilization of exhaust gas for inertisationof autoclaves for 
production of high quality fiber-composites e.g. in aviation industry 

Å Engine exhaust gas will be cooled to 5ϲC (3 EXHE) 

Å Rich burn & TWC enables to meet strict emission requirements 
(NOx/CO ~10ppm) of process gas

Å Ƴŀƛƴ ŀŘǾŀƴǘŀƎŜ ƛǎ ǘƘŜ άȊŜǊƻέ-oxygen content of RB  for creating a 
non-explosive environment 

Å business case is driven mainly by replacing industrial N2

3x  L36GSI AIRBUS Stade/INNIOR - COD Ȱ13



A few examples in Poland
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Installed fleet in Poland

Germany

Czech Republic

Slovakia

Austria

Hungary

Ukraine

Belarus

Warsaw

Romania

Application / Type Units MW

Renewable fuels ~55 45

Coal Mine Gas ~20 40

Natual gas ~55 100

Total 130 185

Type 2/3 70 55

Type 4 30 40

Type 6 30 90
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2x J320 
Natural Gas
Pel = 2x 1027kW 

1xJ316
Natural Gas
Pel = 825kW

BRODNICA 2.8MW DISH Plant
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BRODNICA 2.8MW DISH Plant

TwoJMS320GS-N.L1000kW unitsandoneJ316GS-N.L800kW unit.

Thegoalof investmentwasreductionof greenhausegases26 338ton of CO2 equivalent.

Totalefficiencyabove90,8%(asmeasured,without anytolerances)

Over1300kW of heatproduction.

NoLTcircuit; all heat from intercoolerinjectedinto HTcircuit70/94.

Additionaleconomizerto cooldown exhaustgasesto 55ꜛ /

Approx700EUR/kWςinstalledelectricalpower.
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ECOTARNOBRZEG5.5 MW
2x J616
Fuel: NaturalGas
Commissioned: March2019

ECOMALBORK4.1 MW
2x J612
Fuel: NaturalGas
CommissionedMarch2019

District heating plants examples
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1xJ3160.8MW CHPPlant
Fuel: Coalminegas
CommissionedNovember2018
Containermadeby FEROXENERGYSYSTEMSSp. zo.o.

KWK Brzeszcze
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Chilled water

SteamHot water 

Electricity

40

High electricity to heat ratio favors economics for many CHP plants

Hot air

Usable forms of energy from a gas genset
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Focus Electrical Efficiency/ 
Thermal Efficiency

Emission

Climate 
Conditions

Gas quality

Altitude  Ambient 
Temperature

Requirements/
conditions

TurbochargerValve timingCompression ratio
(pistons) Ignition timing

Hydraulic variants
(heat exchangers)

Levers to 
optimize
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Dŀǎ ŜƴƎƛƴŜǎ ŀǊŜ ƴƻǘ ŀ ǎǘŀǘƛŎ ǇƛŜŎŜ ƻŦ ƛǊƻƴ Χ



Asset performance management
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Invest

Service

Fuel

Avoided 
cost for 

heat

Net CoE

Electricity 
Rate
Or

Feed in 
Tariff

Net CoE
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hth
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Gas & electricty price past

Gas & electricty price today

$
/M

w
h

$
/M

w
h

Asset availablity critical at high spark spread times

How do customers make money?
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?

Asset / Data Edge Cloud Applications

myPlant- Asset Performance Management

HTTPS

Operations Analytics Security

Stream API Storage

myPlant

AWS (Amazon Web Services)

Micro-Services Layer

PlatformLayer

Infrastructure Layer

IIoTPlatform to enable better asset performance
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myPlantςChange of our servicemodel

45

Issue Detection Personnel Tools Engine Reporting

Proactive Reactive Maintenance Troubleshooting

Call service 
provider

Traditional 
tools

Traditional 
sources Manualdata gathering

Today
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Proactive troubleshooting (alerts & diagnostics)

Joe Doe CHP plant 



Wrap up
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