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ABSTRACT

Since economical consistent growth has motivated the need for power supply to increase
annually and also the pricing is being increased higher day by day, a self-generation of power
supply for sale to the Energy Generation Authority of Thailand (EGAT) is an interesting
alternative. This option is consistent with the supporting plan of the National Energy Planning
Office but the most important factor in choosing the power supply source is the production cost.
The generation of the power supply ~from natural gas using a micro-turbine is another interesting
alternative for a very small power plant and consistent with the foregoing statement. This
independent research study was made to study the feasibility analysis of the financial investment
to build a micro-turbine power plant using natural as fuel for consideration of financial feasibility.

This research study took into consideration the financial feasibility using the project
achievement measurement index of Net Present value Approach (NPV), B/C ratio and Internal
Rate of Return (IRR). In the financial analysis of this research study an analytical study shall take
into consideration the financial cost and profitable return of this micro-turbine power plant using
natural gas as fuel of 2 systems comprising of the power supply generation only and the combined
cycle power supply generation of 4 sizes consisted of:

1. A Micro-Turbine Power Generator size 30kW from Capstone, Model 330;

2. A Micro-Turbine Power Generator size 70kW from IR Energy System, Model 70LM

3. A Micro-Turbine Power Generator size 100kW from Turbec, Model T 100

4. A Micro-Turbine Power Generator size 350 kW from DTE Make.



v

The results of the independent study found that the micro-turbine power supply using
natural gas as fuel size 30 KW, 70 KW, 100, 350 KW capacity of the power supply generation
only system and size 30 KW, 70 KW of Combined Cycle System were not feasible for the
investment because the NPV value at the Discount Rate was negative or B'< C, showing that the
project yielded less return than the project expense. Also B/C Ratio was with less value than the
defined criteria i.e. 1 or B/C < 1 which meant a loss as a result from the investment, as of IRR
value was lower than 12% therefore the project of the mentioned size were not feasible for the
investment.

However tfle micro-turbine power plant using natural gas as fuel size 100KW, 350 KW
capacity of Combined Cycle System were found to be feasible for the investment because the
NPV value at the Discount Rate was positive or B > C, showing that the project yielded more
return than the project cost. Also the B/C Ratio was with value which was more than the defined
criteria i.e. 1 or B/C > 1 which was equivalent to 14.47% and 21.34% respectively, showing a
profit from the project investment. - And meanwhile IRR value was more than 12% therefore the
project of the mentioned sizes were feasiblg for the investment,

As a result of the analysis the conclusion was that that the investing promotion on the
construction of the micro-turbine power plant using natural gas as fuel should not be enéouraged
because most of the costs were attributed to the cost of the micro-turbine the pricing of which was
relatively high especially this was very unfeasible for the investment for the generation of the
power supply for sale as the main income revenue source as it could be seen from the samples of
the projects of 30 KW, 70 KW, 100, 350 KW capacity of production system alone which were
not able to make profit from the sale of the power supply as can be seen from the B/C Ration with
value less than the criterion specified of 1 or B/C < 1. However the investment on the
construction of the micro-turbine power plant for sale of the power supply and the induction of
the heat from the exhaust for utilization or so called Combined Cycle Power Plant were feasible at
the micro-turbine power plant using natural gas as fuel of 100KW, 350 KW capacity of

Combined Cycle System were found to be feasible.
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A5 3.1 TUITOUZAN 9 v luasmes lus

Cost & Performance System 1 System 2 System 3 System 4
Nominal Electricity Capacity (kW) 30 70 100 350
Package cost (Baht/kW) 44,130 41,923.5 35,304 33,097.5
Total installed cost (Baht/kW) 110,310.8 89,628.63 ' 68,886.93 | 59,090.07
Electric heat rate (BtwkWh) 14,581 13,450 12,637 11,766
Electrical efficiency (%) 23.4 25.2 27 29
Fuel input (MMBtu/hr) 0.437 0.948 1.264 4.118
Required fuel gas pressure (psig) 55 55 75 135

CHP Characteristics

Exhaust flow (lbs/sec) 0.72 1.4 1.74 5
GT exhaust temp (F) 500 435 500 60
Heat exchange exhaust temp (F) 150 130 131 140
Heat out (MMBtu/hr) 0.218 0.369 0.555 1.987
Heat output (kW equivalent) 64 108 168 582
Tc;tal CHP efficiency (%) 73 64 71 77
Power / Heat ratio b : 0.47 0.65 0.62 0.6
Net heat rate (Btu/kWh) : | 5,509 6,952 5,703 4,667
Effectivé electrical efficiency (%) 62 49 60 73
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3.10 HANIENUVRIANNINAGDUADANTTOUS (Effect of ambient conditions on performance)
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3. M5AAYUHTOINIAL (Inlet air cooling)
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Liquefied petroleum gas (LPG) Propane, Butane mixtures
Sour gas Unprocessed Natural Gas
Biogas Landfill gas, Sewage digester gas,
Waste digester gas
Industrial waste gas Flare gas, Process off-gas
Manufactured gases Low and Medium-BTU gas
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aantlszneuduny ITUV1 | 52UU2 | s2UU3 | Szuu4
Sasmsnaansualvithiildanuess @lasad 30 70 100 350
Aunu (nndei ladad)
TuTasmes lud 42,000 | 41,166 | 31,500 | 29,400
STUUADUINT DS - - - -
szuhanudounduin vy - - - -
STUUAIUAUUAZATIVADY 7,518 | 6,006 | 5040 | 2,394
Auypuunzsinuaies (unaed Tasad) 49,518 | 47,166 | 36,540 |.31,794
fldnelunmsduiiulasams windenlnsad) | 32.886 25,494 | 18,942 | 17,388
Ruasnulasams @meenlaing) 82,404 | 72,660 | 55482 | 49,182

flan Energy Nexus Group
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Auaamulasens wmaedladind) 105,672 | 94,752 | 75,054 | 65,646

fan Energy Nexus Group
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2551 0.85 30 8,760 3.3000 737,154.00
2552 0.85 30 8,760 3.3000 737,154.00
2553 0.85 30 8,760 3.3000 737,154.00
2554 0.85 30 8,760 3.6168 807,920.78
2555 0.85 30 8,760 3.6168 807,920.78
2556 0.85 30 8,760 3.6168 807,920.78
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2558 0.85 30 8,760 3.9640 885,481.18
2559 0.85 30 8,760 3.9640 885,481.18
2560 0.85 30 8,760 4.3446 970,487.37
2561 0.85 30 8,760 4.3446 970,487.37
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2551 0.85 70 8,760 3.3000 1,720,026.00
2552 0.85 70 8,760 33000 1,720,026.00
2553 0.85 70 8,760 3.3000 1,720,026.00
2554 0.85 70 8,760 3.6168 1,885,148.50
2555 0.85 70 8,760 3.6168 1,885,148.50
2556 0.85 70 8,760 3.6168 1,885,148.50
2557 0.85 70 8,760 3.9640 2,066,122.75
2558 0.85 70 8,760 3.9640 2,066,122.75
2559 0.85 70 8,760 3.9640 2,066,122.75
2560 0.85 70 8,760 4.3446 2,264,470.54
2561 0.85 70 8,760 43446 2,264,470.54
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wasnilviih kW) Maunell i um)
(h) iisu9.6%
N3ty
kWh)
1 (2 3 @ E=D*@)*3)*@
2551 0.85 100 8,760 3.3000 2,457,180.00
2552 0.85 100 8,760 3.3000 2,457,180.00
2553 0.85 100 8,760 3.3000 2,457,180.00
2554 0.85 100 8,760 3.6168 2,693,069.28
2555 0.85 100 8,760 3.6168 2,693,069.28
2556 0.85 100 8,760 3.6168 2,693,069.28
2557 0.85 100 8,760 3.9640 2,951,603.93
2558 0.85 100 8,760 3.9640 2,951,603.93
2559 0.85 100 8,760 3.9640 2,951,603.93
2560 0.85 100 8,760 4.3446 3,234,957.91
2561 0.85 100 8,760 4.3446 3,234,957.91

s : IN1I AT UALA U



46

aﬂﬁrm&nﬁﬁmﬁwr%nrccr@ : :,n_.h

16°SV8°T10' 00'888°LLL 98y 09L°8 550 16°LS6VET'E IWYEY 09L°8 001 $8°0 195T
16'S¥8°C10 00'888°LLL 798y 09L‘8 $55°0 16°LS6'VEL'E Ve 09L'8 001 $8°0 0952
€6'16¥'6TL E 00°888°LLL 798y 09L°8 $55°0 €67€09°1S6°C 0¥96'¢ 09L°8 001 80 655T
€6'16v°62L € 00'888°LLL 98y 09,8 §55°0 £6'€09°156°C 0¥96°€ 09L'8 001 580 855T
£€6°16V'67L'E 00'888°LLL 298y 09L°8 850 £6'€09°1$6°C 0v96°¢ 09L°8 001 $8°0 LSST
8T'LS6'0LY'E 00'888°LLL 98% 09L°8 $55°0 82'690°€69°C 8919°€ 09L°8 001 80 9552
8T'LS6OLY'E 00'888°LLL 98y 09L°8 550 8°690°€69°C 8919°¢ 09L'8 001 $8°0 3994
8T'LS6OLY'E 00'888°LLL 798y 09L'8 §55°0 82°690°€69°C 8919°¢ 09L'8 001 80 14974
00'890°5€Z°€ 00'888°LLL 98y 09L'8 SSS°0 00°081°LS¥°T 000€°€ 09L°8 001 $8°0 3994
00'890°5€T°€ 00'888°LLL 98y 09L°8 $55°0 00°08I°LSH'T 000€°€ 09L8 001 $8°0 TssT
00'890°S€T°€ 00'888°LLL 98 09L°8 $5S°0 oo.cwm.wmv& 000€°€ 09L°8 001 $8°0 155T
+B=01) | ®)=(L)+©)+(6)=(6) ® 3} © ©) €=@x(=) | (¢ 4] 1)
W () ()
(uLm) (INW) | es | (WmaWW) Loy 2k
MAAN/ULI BreUen HLBLL JUREI) (uLr) UMwuLmpesh | new BEHIL | LM HLEEDM
() 091 YuYRVIHEE :ﬁmﬁmc 7] UHELILLY | [LRBLMMBLA HL%9 6HuMI LA YTV BoHLLY
[lewreeeypLe :FLEE@E_EW LunueY | eijes HLbEEM SLusLoplRLe | UApjeeneLuLe BRRILS | BEM | Miugupaeq L

19ST — ISSTB'M [LBLENZL Rﬁ.m_.ﬁ@m:_.ﬁcmnc:_.ﬁ_ﬁa&mz

WP:,MW ‘w&a\mcwm 001 VLN BEMI @.W._:,_wdw;u:wwPEer;aGHH_.Pm@SRawzfan&ac_.Rcm.&_.:_r_.ﬁz._\_vwwvmF_‘K?r:rvv\o@,\par?wfc;‘marw o1y WZES



ANl 4.11 oS umsvendenu Ifhee s Ifhvnadninngas luTnsme funi a8

47

a g g a a o o s a 1 ]
ﬁisnmmﬂm‘?mwm YU 350 nTm@m szuuwwaﬂ"lwﬁmmuﬁm i%ﬁ’ﬂ\‘ﬁ]

W.#.2551 — 2561

T | dse@nBammsndn | wilidindanld | $lwams miude el unell
waaiullvh kW) Mauaedl v
) (Au9.6%
N3l @m)
kWh)
n 2 3) @ SrF(D*(2)*(3)*(4)
2551 0.85 350 8,760 3.3000 8,600,130.00
2552 0.85 350 8,760 3.3000 8,600,130.00
2553 0.85 350 8,760 3.3000 8,600,130.00
2554 0.85 350 8,760 3.6168 9,425,742.48
2555 0.85 350 8,760 3.6168 9,425,742.48
2556 0.85 350 8,760 3.6168 9,425,742.48
2557 0.85‘ 350 8,760 3.9640 10,330,613.76
2558 0.85 350 8,760 3.9640 10,330,613.76
2559 0.85 350 8,760 3.9640 10,330,613.76
2560 0.85 350 8,760 4.3446 11,322,352.68
2561 0.85 350 8,760 4.3446 11,322,352.68
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fivnm 30 kw SefisusBunginsalsed
- Gas booster compressor
- DC-to-AC inverter
- All electronic interconnection
- s Heat recovery exchanger
fin 70 kW SafineszBengUnsaisei]
- Gas booster compressor
- Generator speed at 3600 rpm AC unit
- All electronic interconnection
- Heat recovery exchanger
- ahyesow 19
fluina 100 kw FellswszPongunsalded
- Gas booster compressor
- DC-to-AC inverter
- All electronic interconnection
- Heat recovery exchanger
fi11m 350 kW SaflsroseBengunsalaedt
= Gas booster compressor
- DC-to-AC inverter

- All electronic interconnection

- Heat recovery exchanger
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Cost component System 1 | System 2 System 3 . System 4
Nominal capacity (kW) 30 70 100 350
Package cost (Baht/kW) 44,130 41,923.50 35,304 33,097.50
Total installed cost (Baht/kW) 110,380.80 | 89,628.03 68,886.93 | 59,090.07
Electrical heat rate (Btw/kWh) 14,581 13,450 12,637 11,766
Electrical efficiency (%) 23.40 25.20 27 29
Fuel input (MMBtu/hr) 0.44 0.95 1.26 4.12
Required fuel gas pressure (psig) 55 55 7 135
CHP Characteristics

Exhaust flow (lbs/sec) 0.72 1.40 1.74 5

GT exhaust temp (Celsius) 500 435 500 600
Heat exchanger exhaust temp (Fahrenheit) 150 130 131 140
Heat output (MMBtu/hr) 0.22 0.37 0.56 1.99
Heat output (kW equivalent) 64 108 168 582
Total CHP efficiency (%) 73 64 71 77
Power / Heat ratio 0.47 0.65 0.62 0.60
Net heat rate (Btu/kWh) 5,509 6,952 5,703 4,668
Effective electrical efficiency (%) 62 49 60 73

A ; Energy Nexus Group
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Standard service events

Capstone Micro turbine

Service

interval (hour)

Service cost

Thermocouple replacement 8,000 |$ 99
Air filter 8,000 | $ 150
Fuel filter 8,000 (% 73
Igniter or spark plugs 16,000 | § 369
Fuel injectors 16,000 [ $ 687
Engine overhaul 20,000 | $ 4,480

#1301 : Standard service events, Capstone Micro turbine
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