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ABSTRACT: When various kinds of outputs are produced from a single energy system, the
methodology which allocates the common cost to each output cost is very important because
it is directly related with the profit and loss of producers and purchasers. In the cost alloca-
tion methodology of the heat and the electricity on a cogeneration, there are energy method,
work method, proportional method, benefit distribution method, various exergetic methods, and
so on. On the other hand, we have proposed a worth evaluation method which can be applied
to any system. The definition of this methodology is that the unit cost of a product is
proportion to the worth. Where, worth is a certain evaluating basis that can equalize the worth
of products. In this study, we applied this methodology to a gas-turbine cogeneration which
produces 119.2 GJ/h of electricity and 1347 GJ/h of steam, and then we allocated 3,150 $/h of
fuel cost to electricity cost and steam cost. Also, we compared with various cost allocation
methods. As the result, we conclude that reversible work of various kinds of worth basis
evaluates the worth of heat and electricity most reasonably.

Key words: Worth(7}A)), Exergy(241#]), Reversible work(719 <), Cogeneration( 8 3akAl),
Unit cost(27}), Cost estimating(7}4+4), Cost allocation(¥]-& 9

A=

k& oY G/l

I W7l e mE= &4 [G)/h]
c o eluxLs [$/G]] oo A7) AxE [GI/h]
D 7HAEE [$/h) Z 7k 9 A w85 E [$/h]
Ey - AMAEE [G)/h]
F ABEYF [GI/h] azla 22X
K599 2K WAZ [GI/h]
P9 EE G 59 olux A4 [GI/h] e AAAE
, X A} 2k 1) RS
Q o E AN G A<
t Corresponding author & Xt

Tel: +82-61-793-2730; fax: +82-61-794-2730
E-mail address: enecos@hotmail.com A DA Al e



Zb2e] AW gdde g A ArIek Frle] YrkEA 253

B . aAM

C AT d Akl FETA]
cv oL AAAF

ID 7R

F 149z

Q

W

U

Rl
ot N,
=5

[e]
AA T
mE 7t AEFeze A4 (Cost estimating)
2 FEH M E(Common cost allocation) WH&
AARALer Fufaie} &ojo] AHdH oz FHAE
ol v Fasith dEAL EFHME
493 d A (CHP, Cogeneration)olx] AAd
719k deoly, FEHEo2E ARY], FEH),
—’FH],’ A7AH], 27| FA |, 77, AR
H],.Z}—&» Al Fol s Ak
SHLietel A$ 1986 A &3l A
FFAAMNLEATF LY FAEX] A
L8 A ATE AFLE, A HA
S FAHoE Arlaw, dew, WiaH, "}?
F 59 et agAd 2 wgeE Ay
AT glon, JUAAAATLY YAt
(www.keeirekr)oll A 2 3R A7} F7)E
Atk oA AAATAL HE AFRE 2008
g o gate] §98 wol Asluje] T
g ATE Fygsigon], o] HuAdE wua
2909, Az, B 4)2e Waon ?g_bﬂfe;ﬂ
Ao Mol dsxt Ao A7tE od WEPEo
AR =R 7h A o] )k
%ﬁtﬁﬂ%;ﬂ"ﬂ/ﬂ Aibe G "r)o] did o E
2l ugnlE WHEo= The world bank A}
o) 71&n AV ]H 27 E %], Energy W,
W, Work W, Equal distribu-
tion HFH. Benefit distribution ¥%, Alternative
heat 'o‘?j Alternative electricity c}‘ﬂ* ol gle
o, ¢ ‘?lxﬁwi oA zhubekr Alabalo) el 2
= Work ®¥ ¥ EShuly #leol#} 22| Benefit
distribution o] @wgwrdel I3 s w
Bl wol Xiﬁ&]L A

S oo X o N o

Hﬂﬂ,

Proportional %

(o}

EH PHEZE the exergetic cost theory,”™

the average cost approach,(‘” the specific cost ex—
ergy costing,<5"6’ the modified productive struc-
ture analysis”® Fo] gith i 99 AR
A WUHEL 7 B 249 JY4UtE AAEe
Rol ofvel dAMA UVME 4bA e HolA
ZEa o B A Y A} FA4E v HdEs}
oliglrl ol el Psiths Aol @l 3l c}
¥, Reversible work Wolels A2 &

W2 AgdTes AV, H2 Ay Oﬂ
A Aekst ¥ E3 The world bank AHel 7]
a3V asjd WEES BRY A
7}¥H E(Worth evaluation methodology)'?& A
qhated, 222 MW A7) 444 Geal/hel 255

Buste Z7ENGHEEAY 29n e A
o Z7te 718 B A2 e 3
shel 2 ANBS AR L FEUMES
Y3 1t 9l

ATE WBEE A AT Wz 2 A
e antz 308y, Fye AFEY o
Yol AulzA s 4asel 4 AEL

A =

A Wy HadH Felde #FA
A e s Alagel Hastel o YA
7 v Rl R AAE dla gEof tee, B oo
TF-oll M= A7) 1192 GJ/hE3.1 MW)SH F7] 1347
GJ/h(322 Geal/h)E A4tshE 7l A
e didezx d8 5944 3150%/hE drist
F712 747y wiRste] o QUMb 9 g E
& FYstu, NE] YHEEST AGE Hlu

A A7l A Aot wpel o] 7Ax
el Aoe ALYt AF sFA O o
o]t:q I 9k SAle
A A Edd

1% 7he
el st
AWz FEuE 5

Dyt Zipt Zo 2
C= k- pst 2wt Lo | 2 1

S, T
2

D= C- P, lwherel ko= K./ P, (2)



254 K

714, AR i NN BA AFE F (A
AAE, ke AEE AAAIAF K9 Aad
AUAF Pstel vlg e v UAHoR Fof

A oW A/, Dy 499 FUuE, Z,= Al
~d Al AN, Z.5 4 AEFL YAs
TR W, ZE

i 771719 g,
a7, DL iR A E

th 9 FAdA P, Dus, Zip,
Ze, ZiE AR FolAE golmz, UMY 9
Hgu2e B wysoz £3d A4 JHAE
k9 AAo] A Alglo|t}

A9 A AEY AUV G €954
H & Dol o8 MEu L7t ¢y 9 A Zip
9 A7) 78] & ZC, Z°ﬂ ot MU Cy;
2 UHd ¢ gen o #4442 ‘:H:Tiﬂr Edg=1

CU,i = K; - 1\+ s Ky = P (3)
EK)J-P] !
j=1
Zip+ 2o Z,
CBI A ,{\f) Cr (4)
/ . P,
EH]'P]

2 A9 ESE d7 F 7158 A4
P ANANE W QANF Q 7z A
At watd, Aveh dof WENANE 2G5
Ao, 1 A7t WEB A(DE, R ALS
A(®)F 492 44T ¢ Arh,

DF KW
Cpw= ki —— b = ()
kW koQ 14
D, K,
Coom ro +—2 | wa=Fa
KWt k@ Q
‘ _ Koy . Ko
Com' Cug = stns * wmins )
Zipt Z Zy
CB,”": Ky -~ —[—D‘—C+J (8)

Ky W k@ W

inS
>

_ _ZwtZe | Za
CB,Q— K/Q H”/W_FHQZQ_*_ Q (9)
3, XA K& Aad® 7 elvA 9 s}t
X8 FFoz #Hrislzl s B G EAA A
Asle oW ojyR|ojr), A ddey AL A
718t €9 /A E FEHLoE UMY & e od

Julx & Table 19 A& stgon, A==
A es](Enthalpy), ™A <€ (Alternative heat), ™
A 7] (Alternative electricity), ™| & (Alternative
fuel), YA F A} (Equal fuel saving), 719 <Y
(Reversible work)° A8 5 k. or|A, 7HA
AUAZA dgdg AHEd HF 71E2 Energy
w7 Eﬂxﬂ 23S AL AS 71€9 Proportio-
nal 3, dAAZE H8E 45 71E£9 Work
U, dAIEE FEE AF 71€9 Benefit
distribution ¥H#, FdARHAZFE HEEL 4
© 7129 Equal distribution ®¥¥3 3 AAA
Izt Fdach He WHEES AT

B2E2ZA FEgAE OFA gu stk wH
FgHoz HIsE WY E] AR AtE
dom, APAFCOqA FpAIAEA D

1ru

i
[+
o

g oAl 1MHH A 2EHeERE fFEHE U
o4& ANty e, Reversible work W E9]
Batdch 7HXgrhEE e 7lE et
vzt AldE HHETA] BE T WY Eo
5 7Ry Azt S A By A1)
o FAs Hgstnz P&t vl
bk B ouguES F98 5 duE 54
ZEA 5 Qlnh wboF R E Awa ey
o] MuEA Fskkd, Zhate] W Eol ZA

mlomjg_mrulorﬁjz_:i_&_“.i_iﬁ_[&-{)_tmi

Table 1ol= 2z W&ol @& AUz K
o 7 & k7t B Ho vk Energy WMol
= 7lAg e dENE FEslnR, oo
qoAs" WREE BYHE AXAUAT K
A7 wek FANF Qe o= Hu,
o]z wel A7t AL 8l TLE 7t
AU Koz, 2 Qo Uzt 94
AL sls) B9 ARANUAFE K02 AFE
ok mEb A k9t s, EF 100%2 A=, 2



ZhaE ] EH el gad wrieh 3719 WA 255

Table 1 Unification of previous methods to worth evaluation method
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Fig. 1 Heat balance diagram on a gas-turbine cogeneration and system analysis on T-s chart.
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Table 3 Results of worth evaluation by Table 1, cost estimating by Eq. (5) and (6), and cost
allocation by Eq. (2) on the fuel cost(42.5$/Gcal). Where, Dy is 3,150 $/h, F is 310.0 GJ/h,

W is 1192GJ/h, and @ is 1347 GJ/h.

Cost Allocation 74w M40 K c K W K 0w

KQ Cw Co Dy Dy

Method [9] [%] [GI/h]IGI/RIIGI/h] [%] [%] [$/MWh][%][$/Gealll%] [$/h] [%6] [$/h] (%]
1) Energy 2539 1192 1347 100.0 100.0 447 500 519 500 1,479 469 1671 53.1
2) Proportional 90.0 279.0 1442 1347 121.0 1000 492 548 473 452 1,629 51.7 1,521 483
3) Work 38.45 1192 1192 0.0 1000 0.0 951 1000 0.0 0.0 3,150 100.0 0 00

4) Fqual Dist. 3845 90.0 3100 2351 749 1973 556 722 780 236 220 238 759 761 241
5) Benefit Dist. 38.45 90.0 459.7 310.0 149.7 260.1 111.1 642 701 319 299 2,124 674 1,026 32.6
6.1) Rev. Work 2186 1376 705 1154 523 629 688 332 312 2083 66.1 1,067 339

6.2) g
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(& A& A7ba Oy 1 Cp 283 H2)F A
23 A7 EE5E DT FHEEEF Do AN
3 Aazt U gk o] AngE FelA AL
A9k doll g Aakdrte] wjelw, FrpA o
2 Fig. 20 A5 9}

thorgt WglEo g AME M9 AAE kT
Aol 7tA& ke Aol didd 23, Energy
Aol Me A7)k dol d7hvE 50% : 50%, Pro-
portional #H¥ oM E 54.8% : 45.2%, Work 3
A& 100% : 0%, Equal distribution 4ol 4]

60

50 A
. X
X
= 40
—
3
f 30 A1) Energy e o
g X 2) Propgrtional i
2
8 X 3) Work] N
o 20 —+#yEqualBistributior
8 <© 5) Benefit Distribution
T 40 |esn Re\fersible Work
2 062) |’

©6.3)
0

40 50 60 70 80 90 100
Unit cost ratio of electricity [%]
Fig. 2 Unit cost ratio from Table 2.

78.0% : 22.0%, Benefit distribution ¥l A]
70.1% : 29.9%, 18] 1L Reversible work @4
e 688% @ 312%E AHAEHMUCH o] AR
B Arigk deo d7kd B E F, Energy
Ao A7)eh deo] Y77t 2ok A E 3, Pro-
portional WHE- A7|et A9 WU ME HR

o

=]

H4r 2 oo

I

= Roz AAY
2Ele] ¢
t}. ¥+A Equal distribution "%, Benefit dis-
tribution WH, 181 Reversible work W
B A x"oA ikl d3 Ao A7pE E
DA QA AL A Ak
12} Reversible work W&
HHEL Folx dHFLAE 3
yg, diA Alxeg H§3te
2ZA, AANEE ¢
of z}ejAdo] sl
a3 3y 4
£3loha oAz
Z71E8 €9add, 53 S
geo) thkAd mElm dAs], Bebg, AR
o 5 A e S
fe:]
-

o
o

>\I
o +

I
=
=)
=
2 g &
X
JS_."'(‘)L
oy
ok Y
2 %
o
L

o e
t;o{'
o

3

=

> ©

LU
01-,]i

id

fu
> L

¢

=
[
o oX
o
e/ )
A
2

N
5
>
T
! 22 !

o ffr
auh
w2
S o

N
—

% 18

o
2
oo

flr %
M
9 8
N
119
T,

tlo rlr
ol

YA
1o
i
02
ox,



Zb=Eul Sy EEAdA gad doig 719

Mo At shxlgridbyie] Aol
Zt AFe frke 2 7pA o] Wi gthelH, ok
5}. A]/\Eﬂ,} /%]A}. o]] KJ,Q_EL :": olq.. I ;g‘_g_
& 169A Az" @A, 2vkA 2 AEY A
7b, 3GA QIR AvA] FEu R
Ho, Egdddal dgy, dAad, g4,
sddgdGE YAdR, 187 tdde 9
A7lel A H oL slEe s A st

o AFoAE xﬂo}% ﬂ*%C’ 119.2 GJ/h(33.1
MW)e] 7] o 1347 GJ/h(322 Geal/h) &) F7]1&8
Asbsle 7haEE GEER A Hgsigled
A Avle do Yrivle Qs EY
A% 0% : 50%, WAL 71FA A 548%
4529, AA7] 12D A 100% : 0%, Y
daddd 7Ed A 180% 1 220%, WA
B 7189 A% 701% : 289%, oyl /1E9d
715d A4 688% : 31.2%E AAE T

AL o] E2L U Ay ARE AAS
B, o ZolAe dele WAl Tujx F @
AMVP Frejsfor & AMgojmz B M =
A 1 ®3 2FE 43X & 8tk a2y
7tdd 7 7S d93t A 1A A 2dEE 7
vho 2 s tiate]l A aele AAZ o A
Ho g vl oz iy A@de
3 Z3w gidn gagid

FF oOdFE 2 YA Ajxg

-

& yyom
2 PuEs wu ARdos uE PEa, B
WHES T4 % M84E A4Hoz ARy

Aol
dones

1. Carolyn, G., 2003, Regulation of heat and
elecmcmty produced in combined-heat-and-
power’ plants, The world bank, sthmgton
D.C.

2. Lozano, M. A. and Valero, A., 1993, Theory
of the exergetic cost, Energy, Vol 18, No. 9,
pp. 939-960.

10.

11.

12.

. Bejan, A., Tsatsaronis, G,

A7 259

. Valero, A., Lozano, M. A. Serra, L. and

Torres, C., 1994, Application of the exerg-
etic cost theory to the CGAM problem,
Energy, Vol. 19, No. 3, pp. 365-331.

and Moran, M.
J., 1996, Thermal design and optimization,
Wiley, New York.

. Tsatsaronis, G. and Pisa, J., 1994, Exerg~

oeconomic evaluation and optimization of en-
ergy systems-application to the CGAM pro-
blem, Energy, Vol. 19, No. 3, pp. 287-321.

. Lazzaretto, A. and Tsatsaronis, G., 2006,

SPECO
dology for calculating efficiencies and costs

a systematic and general metho-

in thermal systems, Energy, Vol 31, No.5,
pp. 1257-1289,

. Oh, S.D., Pang, H.S., Kim, S.M,, and Kwak,

H Y,
bine cogeneration system, Journal of Engi-

1996, Exergy analysis for a gas tur-

neering for Gas Turbine and Power, Vol
118, pp. 781-791.

. Kim, S.M,, Oh, S.D., Kwon, Y.H, and Kwak,

H. Y., 1998, Exergoeconomic analysis of ther—
mal systems, Energy, Vol.23, No. 5, pp. 393
-406.

. Kim, D.J, 2003, Suggestion of power and

heat costing for an energy system, Korean
Journal of Air-Conditioning and Refrigera-
tion Engineering, Vol. 15, No. 5, pp. 360-371.
Kim, D.]., 2008, A new cost allocation
method on the multi-products of energy sys-
tems, Report of Enecos Inc. Available on :
WWW.enecos.com

Kim, D.J.,, 2008, Cost allocation of heat and
electricity on a steam-turbine cogeneration,
Korean Journal of Air-Conditioning and Re-
frigeration Engineering, Vol.20, No.9, pp.
624-630.

Kim, D. ], 2008, A suggestion for the worth
evaluation of warm air and the allocation
methodology of heating cost, Korean Journal
of Air-Conditioning and Refrigeration Engi-
neering, Vol. 20, No. 10, pp. 654-661.



