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Gas Engines / Gas Turbine

Electr. Eff.
0,5

g
0,4 v \

7
0,3 ~

0,2 7 /‘/

0,1

10 100 1000 10000 100000
Electr. Power, kW






Pl
o
2
s
=
D

er

cooling




al gas - 100%
4 Thermal energy 58%

—
ganerator _

- [
IDLEES o285y

40% 10% 50%

BER - Mivture intercoaler BCEER - Engine jacket wator heat exchanger
BCTER - OH heat exchanger B - Ehawst gas heat sncharige




Fuels

e Fossil:
— NG (CNG or LNG)
— LPG (Liquefied Petroleum Gas)

 Renewabel gases:
— PtG (P2G, electrolysis to produce hydrogen)

— power-to-methane: power-to-hydrogen system+ carbon
dioxide to produce methane using Sabatier reaction or
biological methanation,

— Biogas 1s produced by anaerobic digestion (Prof. Lezsovits),
Landfill Gas, Sewage Gas,

— Pyrolysis (Prof. Lezsovits),

— Gastification (Prof. Lezsovits).



Different biogases:

\ Biogas | Landfill Gas I | Landfill Gas II Sewage Gas
CH, 58,70 % 35,80 % 50,60 % 61,20%
CO, 39,70 % 32,90 % 37,10% 38,50 %

0, 1,60 % 1,80 % 2,60 % -
Other: - H,0 + N, N, N,

- - 29,50 % 9,70 % 0,20 %

H,S 25 ppm - - 1350 ppm




Landfill
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Sewage Gas

Sewage sludge

Exhaust gas

Gasometer
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Gas compressor
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Gasification

e The pyrolysis process occurs at around 200-300°C.
Volatiles are released and char 1s produced,

e The gasification process occurs as the char reacts

C+H,0 -> H,+CO
CO+H,0 <-> CO, + H,
(water gas shift reaction )



Gasifier




Gasifier
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Fig. 1-2. Schematic view of the World War II, Imbert gasifier.
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Dry comp.:

Components (v?/gz(l)ilr)()gl;s producer gas synggssis Natural Gas
CH, [%] 8 5 3 98
CO, [%] 20 5 17 0,1
CO [%] 20 20 40 -

H, [%] 38 20 40 -
N, [%] 14 50 0 1-2

e anaerob (wood)gas : oxygen-free gasification,

* aerob gases:

- producer gas : gasification with air

- synthesis gas : gasification with controled O, and Steam
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Dual fuel engine systems
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Benetits of the Dual Fuel Engines

 High Compression ratio
. . ‘L 0
e Qualitative power AN \'7/
control R __EE

e Fuel Flexible

4_
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Gasengine Cogeneration

Utilisation:

 Low temperature heating purposes (heating of flats or
buildings).

* High Electrical power costs are generate good retunrs,
better than a boiler.

e Major industrial facilities, primarily in the electricity
supply to the primary heat recovery while at the same

time.
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Heating Demand

Heating Demand as a Function Of External Temperature
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Heating Demand
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Cooling and Heating demand
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Absorption cooler

Heat Out
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Heat In
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Source: https://iitbuildingscience.wordpress.com/2013/10/07/absorption-cooling/



Advantages through the combination
of cogeneration with absorption
chillers

* 1ncrease of the module operation time
through additional utilization of exhaust
heat on summer

e decrease of the connected electrical load
and hence reduction of energy costs.



Parameters of the Gasous Fuels

Heating Value

Metan Number
Ignition Limits
Wobbe number



Parameters of the Gasous Fuels

Fuel Cenomi- W VinF (o] Hs Hy H, Bz Vet Vatr (o]} Ignition limits hZ As Vi giCOs}
nation; kg m3/ | Density || KWh/ | kWh/ | kKWh/ | mEL/ ma/ mi/  |DEnsity/ 'y A m3 &/ | ka(COg)/
composition || kmol | kmol | ka/ || kg kg m: | meF | meF | meF [Eh.gas| ? miF | kwhF
9% by vol. ma Ha/m

Ha Hydrogen 2016 | 2243 | 0.0899 |129.39 | 3333 | 2996 | 2379 | 2878 1.88 = 9.83 0.14 0 1.247 2467 4]

C Carbon 1201 |{22.41) | (0.536) || 287 2.87 (4.88) | 4762 | 4756 | 4.756 - - - - 1.312 0.402

|S Sulphur 3206 | (2241} | (1.431) || 257 257 (368 | 4762 | 4739 | 4739 = - = - - - 0

CH, Methane 16042 | 2238 | 0717 ||1542 | 13.89 | 9971 | 9537 | 1053 | 853 234 1.99 0.59 100 1.280 11,195 0,198

CaHy Ethylene 8052 | 2225 | 1.261 |J13.97 | 1310 | 18521 | 1439 | 1538 | 1337 287 | 225 0.14 15 1.290 17548 0.239

CaHg Ethane 30068 | 2217 | 1356 |J14.41 | 1319 | 1789 | 1686 | 1835 | 16.32 256 | 1.92 036 | 437 | 1284 20107 0.221

CaHg Propylene 12078 | 219731 1.915 [J1359 | 1272 | 2435 | 21.86 | 2337 | 2031 287 | 2.03 0.37 1886 1.280 26657 0.247

CaHg Prapane 14,094 | 2201 | 2003 1399 | 1288 | 2600 | 2424 | 2626 | 2219 265 1.92 0.39 33 1286 29122 0228

CiHig Bulane 5812 | 2160 | 2703 |J13.76 | 1271 | 3434 | 3226 | 3484 | 2963 270 | 2.04 0.33 10 1.287 38893 0.230

H:S (burnt | Hydrogen 34082 1 2215 | 1538 - 4.23 6.52 T.23 771 7.00 407 | 3086 017 = 1280 8791 0

[t0 80, | sulphide

| GO Carbon 2801 | 2241 | 1250 2.81 281 3.51 2381 | 2875 | 2875 B0z | 294 0.14 Fis) 1.377 3.775 0.563 :
[ monoxide !
It COs Carb. dioxide |J44.01 | 2226 | 19771 - - - - - - - - - - - - -

Mat. gas | CH,=885
CaHg=4.7
CaHe=186 17.83) | (22.29) | 0798 |§11.05 | 1268 | 1014 | 9684 | 1072 | 873 238 1.80 059 | 80-90 | 1282 11462 0.201
CiHyp=0,2
MNa=50

Sew.gas | CHy=65 1.158 565 6.5 6.20 7.20 5.89 271 1.94 0.54 134 1.297 7.736 0.303

Landf.gas | CH,; =50 1.274 3.04 477 477 577 4.77 286 1.90 0.49 136 1.312 6.254 0.355
CO,=40 .
Na=10

Diesel C=86% by wt. - 118 11.25 12.0 10.5 295 - - - 1.2 134 0.264

fuel H=148% by wt. pet kg

Basic data ace. to [Z] larition limits hy, Ao converlad fram 2 =100/1 4 =+ Lminh, for gas mixtures ace. to [3] and [7]

M molar mass Limin min. air requiremenis W7z mathane number

Ve malar volume Vor,  wet exhaust gas volume st A=1 hg excess-air factor at 5% Oz in dry exhausl gas

My gross calorific value  Wagy  dry exhaust gas volume at =1 Vet dry exhaust volume, related to 5% O = vital reference quantity for emissions

Hy  netcalorific value Qa  exhaust gas density giCOs) fuel-specific COa formation in the exhaust gas

Fand indexF relstad to fuel, i, gaseous fuel

Fig. 168 Fuel characteristic values

Source: DEUTZ



Parameters of the Gasous Fuels

Fuel Cenomi- W VinF (o] Hs Hy H, Bz Vet Vatr (o]} Ignition limits 7 As Vi giCOs}
nation; kg m3/ |Density | KWh/ | kWh/ | kKWh/ [ m3L/ ma/ mi/  |Density/ 'y A m3 &/ | ka(COg)/
composition | kmol | kmal | ka/ | kg kg me | meF | meF | meF [Exh.gds| " ? miF | kwhF
% by vol. m? kalm

Ha Hydrogen 2016 | 2243 | 00899 | 2939 | 3333 | 2996 | 2379 | 2878 1.88 = 9.83 0.14 [ 1.247 2467 4]

C Carbon 1201 [{22.41) | (0.536) | 287 2.87 (4.88) | 4762 | 4756 | 4.756 - - = 1.312 0.402

|S Sulphur 3206 | (2241} | (1.431) | 257 257 (368 | 4762 | 4739 | 4739 = - = - - - 0

CH, WMethane 16042 1 2238 | 0717 | 1542 | 13.89 | 9971 | 9537 | 1053 | 853 1.234 1.99 0.59 | 10] 1.280 11,195 0,198

CaHy Ethylene 28052 | 2225 | 1.261 | 1397 | 1310 | 16521 | 1439 | 1538 | 1337 | 1.287) 2.25 0.14 5 1.290 17548 0.239

CalHg Ethane 30068 | 2217 [ 1.356 | 1441 | 1319 | 1789 | 1685 | 1835 | 1532 | 1.256 1.92 0.36 487 1.284 20107 0.221

CaHg Propylene 42078 12189731 1915 | 1359 | 1272 | 2435 | 2186 | 2337 [ 2031 | 1.287 2.03 0.37 1B6 1.280 26657 0.247

CaHg Prapane 44094 1 2201 | 2003 | 1392 | 1288 | 2600 | 2424 | 2626 | 2219 | 1.265 1.92 0.39 3 1286 29122 0228

CiHig Bulane 5812 | 2160 | 2703 | 1376 | 1271 | 3434 | 3226 | 3484 | 2963 | 1.270 204 0.33 0 1.287 38893 0.230

H:S (burnt | Hydrogen 34082 | 2215 | 1538 - 4.23 6.52 T.23 7.7 7.00 | 1407 | 306 017 S 1280 8791 0

| 10 S0;,) sulphide

| GO Carbon 2801 | 2241 | 1250 2.81 281 3.51 2381 | 2875 | 2875 | 1.502 294 0.14 5 1.377 3.775 0.563 :
!_ monoxide |
It COs Carb. dioxide | 44.01 | 2226 | 19771 - - - - - - - - - - - - -

Mat.gas |CH,=885
CaHg=4.7
CaHe=186 (17.83) | (2229)]| 0798 | 11.056 | 1268 | 1014 | 9684 | 1072 | 873 1.238 1.80 059 | 83-90 | 1282 11462 0.201
CiHyp=0,2
MNa=50

Sew.gas | CHy=65 1.158 565 6.5 6.20 7.20 5.89 1271 | 1.94 0.54 4 1.297 7.736 0.303

Landf.gas | CH,; =50 1.274 3.04 477 477 577 4.77 1.286 1.90 0.49 g &3] 1.312 6.254 0.355
CO,=40
Na=10

Diesel C=86% by wt. - 118 11.25 12.0 10.5 1.29: - 1.2 134 0.264

fuel H=148% by wt. pet kg

Basic data ace. to [Z] larition limits hy, Ao converlad fram 2 =100/1 4 =+ Lminh, for gas mixtures ace. to [3] and [7]

M molar mass Limin min. air requiremenis W7z mathane number

Ve malar volume Vor,  wet exhaust gas volume st A=1 hg excess-air factor at 5% Oz in dry exhausl gas

My gross calorific value  Wagy  dry exhaust gas volume at =1 Vet dry exhaust volume, related to 5% O = vital reference quantity for emissions

Hy - netcalarific value Qa  exhaust gas density giCOs) fuel-spacific CO» formation in the exhaust gas

Fand indexF relstad to fuel, i, gaseous fuel

Fig. 16 Fuel characteristic values

Source: DEUTZ



The Octane Number
(MON, RON)

The Octane Number 1s numerical representation of
the antiknock properties of (motor) fuel, compared
with a standard reference fuel, such as 1sooctane,

which has an octane number of 100



J
n-heptane iso'fgga”e
0 MN,
H, CH,

0 100



e The most common type of octane rating worldwide 1s
the Research Octane Number (RON). RON is
determined by running the fuel in a test engine with a
variable compression ratio under controlled
conditions, and comparing the results with those for
mixtures of 1s0-octane and n-heptane.

e There 1s another type of octane rating, called Motor
Octane Number (MON) or the aviation lean octane
rating, which 1s a better measure of how the fuel
behaves when under load.



Theoretical combustion process

1 CH,+2(0,+7%/,;N,) ->1€C0O,+2 H,0 + 2("?/,, N,) 14% = dry €O,
« Theoretical flue gas composition:: 12% wet CO,
On a wet basis: 9,5% CO, +19,0% H,0 + 71,5 %N, 10%

On a dry basis: 11,7% CO, +0 % H,O + 88,3 %N, § 8%
5 6%
1H,+1/5(0,+7°/21N,) >0 CO,+1 H,0 + 1/5(7%/331 N,) © 44
« Theoretical flue gas composition:: -
On a wet basis: 0% CO, +34,71% H,O + 65,3 %N, 0% \
On a dry basis: 0% CO, +0 % H,0O + 100 %N, 0% 25% 50% 75% 100%

H, [V/V %]

41
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Laminar tlame propagation velocity

The laminar flame speed is a
parameter that characterizes the
speed of combustion. The laminar
flame speed increases
continuously with the addition of
hydrogen.

For CH,, the maximum is between
0.9-1 by mixing H,, the Maximum
shifts to a rich range

Flame propagation velocity [m/s]

4,0
3,5
3,0
2,5
2,0
1,5

1,0

05 3¢

0,0

X 100 V/V% CH4 - 0 V/V% H2

75V/V% CH4 - 25V/V% H2

® 50 V/V% CH4 - 50 V/V% H2

W25 V/V% CH4 - 75 V/V% H2

-\ 0V/V% CH4 - 100 V/V% H2

O kl HEE
~ N o | ol i

- ’-,;"—i__—f—" R .

0,8 0,9 1,0 1.1 1.2 1,3 1,4 1.5

air excess [-]
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LLHV value and heat input
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At a constant excess of air, the fuel
flow rate increased by mixing H2, but
performance and efficiency decreased

Acceleration of combustion >
combustion start (pre-ignition)
optimization

Dobi-Szakal, Gyongy ; Szalontai, Péter ; Lukécs, Krist6f ; Meggyes, Attila ; Bereczky, Akos: Hidrogénbekeverési kisérletek
energiatermelés céljara gaizmotorokban, MAGYAR ENERGETIKA 30 : 1 pp. 2-6., 5 p. (2023)
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Combustion start (pre-1gnition)

Average combustion
chamber pressure
results 1=1.2[-] for
excess air as a
function of crankshaft
angle for different
hydrogen blendings

optimization

60
50 |
)
=40 - :
8 Combustion
= start (pre- /
g,%0r ignition) /
z optimization /
w0
(_8‘; 20 -
< /
10 -
O. 1 1 1
90 120 150 180

Fotengely szdg [deg]

H2: 0 VIV% [-]

H2: 19 VV% [-]

H2: 26.8 VIV% [-]

H2: 44.4 V% [-]

H2: 44.1 VIV% [elégyujtas)

240 270

Dobi-Szakal, Gyongy ; Szalontai, Péter ; Lukécs, Krist6f ; Meggyes, Attila ; Bereczky, Akos: Hidrogénbekeverési kisérletek
energiatermelés céljara gaizmotorokban, MAGY AR ENERGETIKA 30 : 1 pp. 2-6., 5 p. (2023)
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LLHYV value and heat input

H, [V/V%]
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At a constant excess of air, the fuel
flow rate increased by mixing H2, but
performance and efficiency decreased

Acceleration of combustion >
combustion start (pre-ignition)
optimization

Dobi-Szakal, Gyongy ; Szalontai, Péter ; Lukécs, Krist6f ; Meggyes, Attila ; Bereczky, Akos: Hidrogénbekeverési kisérletek
energiatermelés céljara gaizmotorokban, MAGYAR ENERGETIKA 30 : 1 pp. 2-6., 5 p. (2023)
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Fig. 17 Determining the methane number of
the three-component mixture of methane/
propane/butane




Wobbe 1index

 The Wobbe index 1s a measurement of the
degree to which fuels can be interchanged.

LHV kJ

Wobbe Index = Wo =
Jﬁlkg

LHV: lower heating value

d: Relative density of the fuel compared with
air
d = Pmix.

Pair




Injector burners(domestic burners)

The Wobbe number characterizes the interchangeability of (fuel) gases:
if another type of gas is to be used on a gas-consuming appliance running with a

given type of gas (e.g. H2 mixing), the amount of energy released will only be the
same (interchangeable) if their Wobbe numbers are the same

MSZ 1648:2000: 45.66-54.78 MJ/m3 (2H gases)

Parameter

compression factor(@15 °C, Pn)

Density (@15 °C, Pn)

Relative density(@15 °C, Pn)

Theoretical combustion air demand[ V/V %]
LHV 15/15°C

Lower Wobbe number

Higher Wobbe number Woi =
DPimension H2 CH4
Z[-] 1,001 0,998
kg/m’ 0,085 0,678
0,070 0,554
- 2,390 9,700
MJ/m’ 10,22 34,02
MJ/m’ 38,75 45,70

H,(HHV)

NG

0,998
0,730
0,596
9,820
35,39
45,84

Vd

51
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Injector burners (domestic burners)

N

When hydrogen is mixed into NG,
*—~—-—.._, Upper Wobbe number the calorific value (LHV) and

h
wh

J

= = n
h

i . . Wobbe number of the mixture

35 are removed from the prescribed
30 LHV ranges,
U However, how much mixing

depends on the gas into which
the hydrogen is mixed (LNG,
v o " interconnector network, etc.).

felsé Wobbe-szam, LHV [MJ/m?]

— b
- R
=]
o

52



Injector burners (domestic burners)

For gas nozzle burners, in which the density of the exhaust gas varies
negligibly with a small change in pressure, the Bernoulli equation for

2 2
Wo Po Wi1p1

incompressible media can be used: py + —— = p; +—;

2(po—p1)
P1

From here gas outflow rate: w; =

If the pressure difference between p, before and after the nozzle is constant
(25 mbar), the density of the fuels decreases (e.g. py, = 0.090 kg/m3, pcy, =
0.718 kg/m3 (15 °C; p,,)) the gas outflow rate increases, of course many losses
are not taken into account here (viscosity, flow rabies, etc.).

D?m | 2Ap [Nm3]

4 S
\ pfuel

I./fuel =0
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Injector burners (domestic burners)
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Impact of Hydrogen/Natural Gas Blends on Partially Premixed Combustion Equipment: NOx Emission and
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Injector burners (domestic burners)

The heat induced by the fuel can also be written in the following
equation:

0 D?m 20p LHV D?m 2Ap ;
. = 0 = 0 |/I/ .
o 4 Pair pfuel 4 Pair Lfuet

o [-] Nozzle constriction factor,
D [m] Nozzle diameter,

The Wobbe index 1s therefore an important parameter
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Injector burners (domestic burners)
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Qbe, fels6 Wobbe-szam, LHV
[MJ/m?]
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When mixing 20 V/V% H2 into
natural gas, the calorific value
decreases to 86%, but the square
root of density increases to 1.1%,
so the theoretical flow rate
increases, so the theoretically
transferable heat decreases to only
95%!

A number of losses were not taken into account (viscosity, flow rabies, etc.)
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