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KEY WORD: CHP / COGENERATION / ABSORPTION CHILLER / BUILDINGS / ECONOMIC

NARIS LAPSUNTHRONPHITHAK : A COMPARATIVE STUDY OF NATURAL GAS
APPLICATION IN COMMERCIAL BUILDINGS BASED ON ECONOMIC AND
TECHNOLOGICAL CRITERIA. THESIS ADVISOR : ASSISTANT PROFESSOR
PAVEENA CHAOVALITWONGSE, PhD., 177 pp.

Energy consumption of commercial builging is mainly electricity, especially for air
conditioning. Some types of buildings use electrioaffaﬂd, heating. The energy cost is important
to their business. Moreover energy prices have fendency to increase continuously. Therefore,
this research explores the use'of naiural gas in order to improve energy efficiency and reduce
energy costs in commercial bui ngs. Since the natural gas technologies are complex and
diverse types, The compara(é:dy for s_el:cting appropriate technology based on technical
analysis and economical cri/lﬂﬁa/;r deciéic_n‘n sﬁ_p?port is necessary.

The studies natural g teéhno'lbgies éje ‘combined heat and power (CHP), absorption
chiller, and gas burner. These mchnologles can be combined to be an appropriately used in
commercial buildings which re‘éults in 4 model&’}'ﬁe proposed technical criteria are technology
type, installed capacity, energy efficiency, anqdogeration load. The proposed economical
criteria are annual capital investnjg_gt_,_ Qperating?_gglit_,._and annual cost saving. Moreover, the

criteria of selecting apb_{opriate technology model are bagéq on energy balancing and

regression analysis. Th'eri_it is selected by economic indic_;to'rs (NPV, IRR and Payback
period). The proposed critéria are tested with sample data Qf; 10 buildings. From the analysis
result, the commercial building.types which is the,best worth for investment is hotel, hospital,
department store, ‘office, and educational  institute respectively. Furthermore, the sensitivity
analysis shows that the worth of investment is sensitive to the change in energy prices and
exchange fatés: Therefore, the<criteria model) applicatiom should bs used with upto-date

parameter values especially energy prices and exchange rates.
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Existing SHP 68 units Combined heat and power
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Electricity CHP
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Regression Analysis: Heat rate versus Capacity

The regression equation is
Heat rate = B8.8145 - B.900008 Capacity

Predictor Coef SE Coef T p
Constant 8.0145418 8.0804894 235.52 0.008
Capacity -fd.000008018 Q.0000008082 -7.39 0.0808

S = 8.08211242 R-Sq = 54.8% R-Sq(adj) = 53.8%

Analysis of Variance

Source DF B HS F
Regression 1 0.00024378 /008024378 54.63

Residual Error
Total

45 §.00020081 080000446

46 8. BBBI‘I}J-IS'?
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Regréssion Apalysis: Heat rate versus Capacity

The reg@'ess_iun_ equation is
Heat Fate = - M1.29 - ﬂ.16.i_§'_,];apacity

Predictor CoeF SE Coef T P
Constant | -1.28855  §.628k5 -55.11 0.000
Capacity | -8.16/%15  6.096239 1 -26.83 8.888

S = 8.8252517 B8y = 9h.jimj;@i3q(adj) = 04 6%
Analysis of Uariance

Sourge DF 53 Ms F P

Regression 1 B.4591F B.45917 720.11 0.000
HESidu,_al Error 45 B_BZ2869 0.00864
Total™ L6 B_4B787
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The regressmn equatlun is

Heat |=.al;e = @ 8141 — 8.000087 Capacity

Predlctnr Coef SE Coef j* —=~p
Constant a.8141292 0.88085442 25 96 @.001
Capacity. ' -0.00000726 O.00000293 -2_48 @131

5 = B.8087326067 R-Sgq = 75.5% R-Sg(adj) = 63.2%
Analysis of Variance

Source D £S5 HS F
Regression 3.30344E-B6 3.3B344E-B6H  6.15
Residwal FErrok 108736 0E - 06, /5. 368P0E-87
Total 4. 377 BLE- RO
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Regression Analysis: Heat rate versus Capacity

The regression equation is
Heat rate = - 1.71 - B.8882 Capacity

Predictor Coef SE Coef T P

Constant -1.78955 @._.P2631 -64.98 0O.000

Capacity -8.88824 B8.81313 -6.72 8.821

5 = B.8180769 R-Sq = 95.8% R-Sq{adj) = 93.6%
Analysis of Variance

Source D 58 HS F P
Regression B.8B45857  B.8845857 4516 A.621

F
1
Residual Error 2 B.0002031 @.0001015
Total 3 B.8B47EBE
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Regression Analysis: Heal rate versus Capacity

The reégression equation is
Heat rate = 0.08864% - O.8808080 Capacity

Predictor Coef SE Coef T P
Constant 8. 0086402 B.08815%75 54.85 0O.000
Capacity -B<H08680013 , 880086083, ;-4 .49 0080

S = P.POB553195 R-Sq.= 9. 8% R-Sqfadj) '=/46.5%
Analysis of Variance

Sounce DF §35 Hs F P
Regression 106 A6496E-06 6L16446E-06...20.147.0. 8808
Residual Error 21 6.42652E-86 3.86825E-67

Total 22 1.25918E-85

PMNHANTILATITANARELINGLUITANuFNA R R LU T FuaTIne Ll
wwd g nuAuaasluszuunsvuing Aafidanutuvesaunisiduasadrlndguduin
wazdngudszEnsnIwennsol (RD) S0 Seildrinny 49.0% vnlwaumsnanasia
anutdationas S9vmImeseuduENNIsUUL Power Tl lananisitessiusasle

SRR



149

Regression Analysis: Heat rate versus Capacity

The regression equation is

Heat rate = - 1.98 — B8.68594 Capacity
Predictor Coef SE Coef T P
Constant -1.89679 8.81643 -115.42 0.868

Capacity -0.859448 B.004971 -11.96 0O.688

S = B.0142380 R-Sq = 87.2% R-Sq(adj) = 86.6%

Analysis of Uariance

Source DF 85 MS F P
Regression 1 09.828991 9.828991 143.61 0.000
Residual Error 21 0.0084257/ 00000203

Total 22 0.6833248
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Regression Analysis: Heat recovery rate versus Capacity

The regression equation is

Heat recovery rate = 8.48 + B8.088313 Capacity

Predictor Coef SE Coef T P
Constant B_477 1.996 4.25 0.8
Capacity A.080831383 0.8801316 23.79 0.008

S = 6.19204 R-Sq = 97.9%

Analysis of Variance

R-Sq{adj) = 97.8%

Source DF 58 S F P
Regression 1 21701 29481 565.99 0.000
Residual Error 12 LR i ]

Total 13 22161
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Regression Analysis- Heat recovery rateversts' Capacity

The Fegression equation is
Heat recovery rate = B.0076

Predictor Coef SE C
Constant B.08764 8.82

Capacity B. 68856335 (D.poaT

§ = B.0394476 R-5q = 99._8%

Analysis of Uariance

Source DF 55
Regression 1 1.98M1
Residual Error 2 @8.8831
Total 3 1.9922

+ B.00563 Capacity

oef T P
938 8.26 08.819
Li6 3575 | ecbm

R-Sqfadj) = 99.8%

MS F p
1.9891 1278.26 0.6801
8.0816
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Regression Analysis: Heat recovery rate versus Capacity

The regression equation is
Heat recovery rate = 8.596 + B.88318 Capacity

Predictor Coef SE/Coef T P
Constant B.5961 Bo1845 2.28 0O.0086
Capacity B.0083407538 g.ﬂﬂﬂﬂgﬂﬁﬂ 2417 0.0808
S = 0454860 R-5q - 98.9% - R-Sqtadi). - 98.8%

fnalysis@®f UaFiance

1
Source PE 33 Mg F P
Hegresﬁinn, 1 247161, 241.61 1167.74 0.808
Residual Error 13 2.69° a.21

Total 14 244 .38
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Regression Analysis: Cooling heat rate versus Capacity

The regression equation is
Cooling heat rate = 8.298 + B.8185 Capacity

Predictor Coef SE Coef T P
Constant 6.29M1 a._198% 1.52 B_.134
Capacity B_81854372 0.0002266 81.85 0O.008

5 = B.834248 R-Sq = 99.3% R-Sqf{adj) = 29.3%
Analysis of Uariance

Source DE S5 s F P
Regression 1 W662.4 W662 .4 6699.17 B6.888
Residual Ekkok. 47 a2 .7 0.7

Total 48 4695 .1
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Regression Analysis: Cooling heat rate versiis Capacity

The regression equation is
Cooling heat rate = 9.248 + 0.80992 Capacity

Predictor Coef SE/Coef T P
Constant @L2h753 B: 86028 a4 a.060
Capacity B.BA99 1558 0.0000664%6 149119 B.488
S = B.277859 R-Sq = 99.8% R-Sq(adj) = 99.8%

Afalysis of WMariance

Source DF 55 WS F P
Regression 1 1718.5 1718.5 22258.83 0O.006
Residual Error 4% 3.5 8.1

Total ho 1722.8

PNHANTIaTZANagauInanlsianuaunns Ikl B awasinia L
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a a < A ISP 1 1 0/ di a 1 e a n€
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Regression Analysis® Capital investment versus Capacity

The regression gquation ds /
Capital I|1{'$“|35t(}1‘len1;'= 16557320% 764 Capacity

Predictor Cogf “SE goer o T P

Constant 4655782 592017 2.80 0.043

Capacity  764.15 — 2k.83 80.78 6.080
’ J F caead A4

S = 886619 R-Sq - 99.7% R-Sqadj) = 99.6%

Analysis of Variance {="=

Sources - DE_________SS ~itted E P
HEgFESgipn 1 7.34485E+14 ¥ _34485E+1h 047 12 0.000
Residual Error 3 2.32647E+12 7F.7S5498FE+11.

Total 4 7.36812E+14

NKANIN AT AN U9 wU s TA 0 AN W N Wl B EwaTInIa L

FILNAIINAT P-Value 309 tiest WA Frtestt WA dNInsautadan 0.05 D3
a a < A a 1 1 0/ di a 1 e a n€
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Regression Analysis: Capital Investment versus Capacity

The regression equation is
Capital Investment = 43938 + 1212 Capacity

Predictor Coef SE Coef T P
Constant 43938 8822 4. 98 0.838
Capacity 1211.69 Ly 45 25.%4 @.@e2
S = 11877.9 R-Sq = 99.7% R-Sq{adj) = 99.5%

Analysis of Variance

Source DF B M5 F P
Regression 1 92@i8439761 92018439761 652.22 0.062
Residual Error 2 282171139 1&18855?8

Total 3 92333619933
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Regression Analysis: Capital Investment versus Capacity

The regression equation is
Capital Investment = 73626 + 9@1.Capacity

Predictor Coef SE Coef T P
Constant 73626 11081 6.64 0.807
Capacity 961.283 L. 204 214.38 0.0808
SENTTH.T R-Sq =199 .6% | R-Sq(adj) = 109.6%

Analysis of Uariance

Source DF 55 HS F P
Regression 1 1.44563E+13 1.44663E+13 A45958.67 0.000
Residual Error 3 QuLIBN29YL 314768898

Total L 1.44573E+13
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Regression Analysis: Capiial Investment versus Capacity

The regression equation is #
Capital Investment = 51777 + 355 Lapacity

Predictor Coef SE Coef , T Fa
Constant Ci777 21955'J 2.36 0.036
Capacity 355040 35.81 168.15 B.0864

S = 33820 4" R-5q = 89.6%| R-Sq(adj) —"88.7%

Analysis of'Variance g

Source =T HS F P
Regressiond & 4 A.17919E#11 1.47919E+i1 103.04 0.000
Residual/Errof 12 (13732135685 1144427974

Total M3} 1.31652E811"
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Regression Analysis: Capital Investment versus Capacity

The regression equation is
Capital Investment = B8787 + 484 Capacity

Predictor Coef SE Coef T P
Constant gBT7HT 180851 g§.83 0.080
Capacity Loy 12 17.87 23.647 8.08688

S = 14645 .2 R-Sq = 98.1%

R-Sq(adj) = 97.9%

Analysis of Variance

Source D P, ’//// M d P
Regression = 1.20161E+ C20061E+11 568.24 0.068
i i LT R L)

Residual Error 3669

Total \
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Cost Component A B C D E

Normal Capacity (kW) 1210 = L %5200 10,600 28,600 43,400
Equipment ' T'

Turbine Genset $675 'j_. $1,800 $4,000 $11,500 $15,800
Heat Recovery Steam Generators 1$250 '--'--:..$450 $590 $1,020 $1,655
Water Treatment System $30 /%1 00 $150 $200 $225
Electrical Equipment 254560 $326“ $625 $990 $1,500
Other Equipment 9145 ?315 e $575 $1,150 $1,875
Total Equipment - $1,250 ;é,040 $5,940 $14,860 $21,055
Materials ; $144 $346 $689 || 1490 $2,054
Labor I $348 $879 $1,752 $3,715 $4,723
Total Process Capital ’ $1,742 $4,265 $8,381 $20,065 $27,832
Project/Construction.Management $125 $304 $594 $1,486 $2,105
Engineering $63 $153 $260 $537 $672
Project Contingency $87 $215 $419 $1,005 $1,392
Project Financing $129 $316 $618 $15483 $2,048
Total Plant,Cost $2,146 $5,253 $10,272 $24,576 $34,049
Total Plant Cost per kW $1,773.55 $1,010.19 $969.06 $859.30 $784.54

ﬁm : U.S. Environmental Protection Agency (EPA)
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Cost Component F | J K

Normal Capacity (kW) 30 70 100 350
Equipment
Micro-Turbine set $30.00 $72.10 $80.00 $262.50
Gas Booster Compressor incl. incl. incl. incl.
Heat Recovery $6.75 incl. incl. incl.
Controls/Monitoring $5.37 $10.01 $12.00 $19.95
Total Equipment $42 12 $82.11 $92.00 $282.45
Materials/Labor $42.84 $20.02 $20.00 $56.00
Total Process Capital 4 $54.99 $102.13 $112.00 $338.45
Project/Construction Management $12.54 $23.52 $26.00 $79.10
Engineering and Fees |  $4.62 $10.22 $11.20 $30.10
Project Contingency ’i$2.16 $4.06 $4.50 $13.30
Project Financing ; Y$1.20 $2.24 $2.50 $7.35
Total Plant Cost J $75.51 $142.17 $156.20 $468.30
Total Plant Cost per kW $2,517.00 $2,031.00 $1,562.00 $1,338.00
‘ﬁm : U.S. Environmental Protection Agenc‘y;(EIE’A)
@3N 2-3 NI UITDUNA AR UAZAIINTOUIINULLLATAILUA TS

Cost Component e <dpr N o P
Normal Capacity (kW) —_— 100 300 800 3,000 5,000
Equipment
Gen Set Package $26.00 $69.00 $215.20 $1,200.00 $2,250.00
Heat Recovery $20.50 $53.70 $71.20 $195.00 $200.00
Interconnect/Electrical $26.00 $27.00 $32.00 $66.00 $60.00
Total Equipment $72.50 $149.70 $318.40 $1,461.00 $2,510.00
Materials/Labor $35.90 $120.00 $303.20 $648.00 $1,000.00
Total Process Capital $108.40 $269.70 $621.60 $2,109.00 $3,510.00
Project/Construction Management $23.50 $47.40 $96.80 $285.00 $475.00
Engineering and Fees $12.90 $24.30 $36.00 $123.00 $205.00
Project Contingency $4.30 $10.20 $22.40 $75.00 $125.00
Project Financing $2.40 $7.50 $24.80 $165.00 $275.00
Total Plant Cost $151.50 $359.10 $801.60 $2,757.00 $4,590.00
Total Plant Cost per kW $1,515.00 $1,197.00 $1,002.00 $919.00 $918.00

‘ﬁm : U.S. Environmental Protection Agency (EPA)
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