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30-63% 22-28% 40% + 5 24-36% 27-41% (HHV) S 531 glonsly
55-80% 63-70% 80% 66-71% 77-80% CHP s Lol
5000-6500 25004300  670-1,00  L290-3300 1y 5565 909 ©0904 i 4y 52
(5-40 MW) ($/Kw) CHP
0.032-0.038 0.009-0.013 0.006-0.01 0.009-0.013 0.009-0.025 SIS 9 o 4y 50
($/kwWh)
>95% 98-98% 72-99% 93-96% 96-98% s yrd Sl
32,000-64,000 40,000-80,000  >50,000 o 30,00060,000  (Sle) e 06
3 hrs-2 Day 60 Sec \ hr — vy Day 10 min-1 hr 10 Sec @ g9 o
0.5-45 50-140 - 100-500 1-75 (psi) g jLid
Natural gas,
IR, Natural gas, Natura_l gas, biogas, LPG,
natural gas, synthetic gas, . .
sour gas, All . sour gas, CSgw Egi
propane, S landfill gas,
liquid fuels . manufactured
methanol and fuel oils gas
0.011-0.016 0.14-0.49 deper}ds on 052-1.31 063 (Ib/MWh)  slacuss¥|
boiler NOXx
Process Space heating
Hot water, Hot water, steam, district Heat, hot et Syl y> B puaro 3,190
. . heating, hot water, LP-HP :
LP-HP steam chiler, heating 3 cooling, LP 48L 3L
water, chilled steam Tad B
steam
water
1,800-4,200 4,500-6,500 1,000-50,000 = 3,200-6,800 3,200-5,600 &Il 29
(Btu/kwh)
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CO; SO, Nox CO PM1go HC
(g/kwWh)  (g/kwh)  (g/kWh)  (g/kWh)  (g/kwWh)  (g/lkWh)

Gas reciprocating engine 625 0.032 0.5 1.8 0.014 0.54
Disel reciprocating engine 695 1.25 2.13 2.8 0.36 1.65
Micro-turbine 725 0.037 0.2 0.47 0.041 0.14
Fuel cell 477 0.024 0.015 0 0 0

Gas turbine 625 0.032 0.29 0.42 0.041 0.42
CCGT 363 0.019 0.195 0.07 0.041 0.05
CST 965 5.64 1.7 0.07 0.136 0.05
Gas-fired boiler 201 0.01 0.12 0.12 0.01 0.014
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Fuel cell type

DMFC PEMFC AFC PAFC MCEC SOFC
Polymeric | Polymeric - Immobilised | Immaobilised
ion jon | mmobilised | 0 g liquid
Electrolyte type alkaline salt guid g Ceramic
exchange | exchange solution phosphoric molten
membrane | membrane acid carbonate
Operating N N 500 -
temperature (°C) 20-90 30-100 50 — 200 220 650 1000
Charge carrier o H OH- H RS o
100k — 1k -
Power range (W) 1-100 1-100k 500 — 10k 10k — 1M 10M+ 10M+

Applications and main advantages:

Portable electronics

Higher energy density
than batteries and faster
recharge.

Cars boats and
spaceships

Zero emissions and
higher efficiency.

Domestic CHP

Efficiency and reliability

Distributed power
generation, CHP,
busses

Efficiency, emissions and less noise

Able to internally
reform CH,4

(see Fuelling
section)
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SAMPLING SPECIFICATION:
SOURCE & l.OCAﬁON:L Metering ] PRESSURE"
DATE OF SAMPLING ;L Notivivw: ! TEMPERATURE:
COMPONENT FORMULA MOLE % MASS%
METHANE CHy 98.233 95.868 |
ETHANE CaHg 0.588 1.076
PROPANE C3Hg 0.108 0.290
i-BUTANE i-CqH )0 0.009 0.032
a-BUTANE n-C4H|g 0.030 0.106
i-PENTANE 1-CsHjp 0.056 0.246
n-PENTANE n-CsHjo 0.019 0.083
n-HEXANE & HEAVEIR CeHia* 0.126 0.661
CARBON DIOXIDE COy 0229 | 0613
HYDROGEN SULFIDE H2S 2.3 mg/scm
MERCAPTANE R-SH 2.4 mg/scm
Total Sulfur - 12.8 mg/secm
NITROGEN N2 0.602 1.026
TOTAL NN T

MOLECULAR WEIGHT =16.4387
SPECIFIC GRAVITY AT (60 °F, 14.896 PSI) = 0.56789

GROSS HEATING VALUE =9041.3263 Kcal/m3=1015.9480 (Btu/cu.ft)
NET HEATING VALUE = 8141.5836 KealVm3 = 914.8464 (Btu/cu.ft)
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Abstract

The pressure of natural gas (NG) in the transmission pipelines is very higher than which
is needed for customers. The NG pressure has been reduced in several steps to provide
appropriate consumer's NG pressure. Pressure Drop Station or city gate station (CGS) is
the first step that natural gas pressure reduction is happened. The pressure of natural gas
is decreased in CGS by regulators and they caused a valuable NG pressure-exergy waste.
The pressure reduction causes the temperature reduction. Linear heaters are mostly used
to raise the temperature of NG in CGS. Using of fuel cell to provide required CGS heating
and using of turbo expander to use pressure exergy of NG has been investigated in this
research techno-economically. Both systems have the ability to produce electricity and
sells that to the electrical grid. In present work, both of these systems are investigated in
three different plans. The first plan is contained a fuel cell system and the second plan is
contained turbo expander system; also the third plan is contained fuel cell system with
turbo expander system.

The modeling of fuel cell is based on a two-step selection process which selects the best
fuel cells in ideal operating condition based on economic justification at first step and
then, determines the optimal numbers of the selected fuel cells in applied mode at
different city gate stations taking into account techno-economic criteria. The modeling of
turbo expanders is based on Techno-Economic calculation that causes to choose the most
justification turbo expander size for each CGS.

The results of investigation in first plan has been shown the biggest CGS (in terms of
average NG flow discharge) has the most economic justification and also has been shown
noun of studied fuel cells have no economic justification in Iran at this year, but in the
next year some of them have economic justification because of initial investment
reduction and price changes of energy. Results of second plan has been shown that the
best return of initial investment will happen in the CGS which is the biggest CGS and has
the smallest standard division criteria of NG flow in the year. At last in the third plan the
most explainable project in terms of economic will happen in Abbasabad 400,000 CGS
in next year. Simple pay back of investment at this plan will be about 3 years and this
plan will be able to import 57GWh electrical energy to electrical grid; also this plan causes
33,563 tons per year reduction of CO2 emission to atmosphere.

Keywords: Combined Heat and Power (CHP) system, Fuel cell, Turbo expander, Pressure Drop
Station.
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