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In this paper, optimization and techno-economic evaluation of a Combined Cooling, Heating and Power
(CCHP) system for a hotel in Kerman has been investigated. The design parameters of system include
capacity of gas engine(as prime mover), partial load (PL), thermal capacity of boiler, the cooling
capacities of electric and absorption chillers that, by using energy, economic, and environment analysis
and relative annual benefit (AP), as objective function, have been optimized. Then, for optimum results
the payback period (PB) has been investigated by considering the time value of money and without it.
Results show an increase in the number of prime movers, reduced annual benefit. Moreover, this
process has reverse relation with classic payback period since choosing a 2550 kW gas engine,
maximum relative annual benefit (AP) with value of 45.5x105($/year) and minimum payback period
(PB) of 6 years will be obtained. Also, when the costs of energy increase and one prime mover (PM) is
selected, the results of traditional and classical payback method are different as the time of payback
period increases in classic method and decreases for traditional method.

L asslsices 631 @90 99 (nl 51 Su 58 g adlol &jp0 ;5 a5 555 e doio -1
WS 18 eolitl 9550 ey adsi sl (ctale e Dl ) ool Sdg ollgs a5 Sadige aiS plapius 4 Glojer 5T slapiuw
plsl plojen adgi (Glapius aie) ;o ol slo)l5 (lide ()5S Sl Ol g Loy Dyl (S @55l S Djge an b g Jlgte

Gp obyer adg e (Hhb 4 o)Ses 5 ooljpunld ~[3'1]-\5‘°~3‘0 4 g plend 65,50 daptann ol o Yw WA S g ade
Ol 2l 5 Sl bl o e peime ol Sag s Sl G ol Gl SHle il st has 2o 5 Sl 3
oSl Gty amge Sebib Sll s lagl byl Sl amSlon 18 eslinal 3)0e 05 slsa L )8 o Gl Wy gl ol 55

Please cite this article using:

tawles ool o3 wyle I e ol 4 gla )l (g1

F. Tavakoli Dastjerd, M. M. Ghafuoryan, S. E. Shakib, Tech economic optimization of CCHP system with rely the time value of money, in payback period, Modares Mechanical
Engineering, Vol. 15, No. 5, pp. 245-254, 2015 (In Persian)



Obed 9 3 ziwd HA595 dabld

aglo s asbiS 3l 093 33 Usg wiled b3l s 2 4x55 b CCHP Lo jats Salys iapus (53baibl b s liwdises

A aslys el (S SIIL g 23 e bawg 3 5L 000 (lale e

Cad b (o (595 -3
S S8 cSlis il CCHP (slapiu ihio il o g9, alak
Lol b ol 99290 lsz 5 b plo)l oy 5 buoms s ()
Oidisn |y ilsz g v olo )b ol w8l so last cans] o oS BBy L3
Sodlod b lo byl als” (28,5 Jai 5 b (e ldlos 05 39, 0l
byl Jor Sloy ol G 59 9 (sherec) 5 olamdl (g5 il ailans
S5l a8 S a5 by, cnl o S e et |y Ol aige
lross golazil aylie Sl woag (EUANLILS cblyiSy (golasl
ol 1y Gbgy ool & bgape Sam gl (1) ala; o9 o ool 3 plpb see b
.A.QQGA
AP = TAC,y, — TACccup 1)
I 9 s 0y i sloanie IS oS5 4 TACeenp 9 TACk,
aiile olge ¢85 Slai o b aS aiily o lojod g s sloai 30
SIS g oS g adsl alizm 252 5l 50 el 0,55 arme Lyl
W5 ol Ghesd g &b Gp w Ceed Sl elge 5 e
alaly 0l e Cand 4 alKiws wte e g AVl oy Fp CSgm

2 (1 +i n
TAcm=jZ=1[ Cu+ P x %
8760

i
{1 D By Xt 4y <+
(1+i) -1 =

My X @] X 7 )

- i(1+0)n
TACCCHP:Z[ Cy+P X | ———||xNC—-SVx
=1

xXNC—SV x

a+ip-1
) 8760
i
i ]j + [Ep x Hep — Eg % HUes
a+ip-1
t=1
+me X pp+my X @] X T 3)

2L elzme S g golail (o5l 5IUT A 4 4z bl ool e
5 Ol B Olored WP s 5 (S e Sl (385 S
g0 5 sleyell b Jo (Slej ()l A 58,5 )5 0L 5 g Do
tlor 5 oilesS oS pSU Al (sl )l el slae & oliga pos
Ol oS Gpn @l ol jlake mariSle 5 wylioe Cemay (o208 o S

[10-8lss; anlgs adsl slacS e (53, Shae 3yl § oo

85! 3J6T7-1-3
oaliil b aS wlg k5 Eobio aloz | (Sealizoge i gl 5551 5L
oloe Jelod L 1) s SO a5 380 3,55 e Sealunge 5 (lsd
adS (23,5 o LUl el alis cpl e S e by w0 Slas
g gl S e 3lys sleS g enjl i Oliges Slaseie
o35 el 052k Lualpt o bl 0 Shae o pd g Jhg 003 Brae

J10-8] el oy oslial (£.5) Ll ¢ cledlol 51 4

5o 45 g0 lnoay¥T Ll 2alS 5 (55,3 Byae o974 o o Julaiue
o byl 51 ooliinl b ctyloyus S5l 090 aruslns 4y« )l s
sl auie 4 (Sge 5 G Sras aszadye | Job slaael,
5 5 [Alas wsloy Jsy oy b)) G5 585 S5 58 (g g
Sl sl So9n 9 Sl Gp Glejes W piees 2L 4 OlSes
iy Sl ol Sl )b s alise glacy pae 5l esliiul b (GsSne
Ot ln (Sl (pleS o Shee Sl 9o o it eu S
Ol Jalos @ oS g Sy [B] woges olial 293 tas Cupd b
e ez Bl pleses wdgi e 5 (oo plens 35
LS G5l 033 (3P )b (3 p ag oy bl Jold e
g bl plopw b 4 (oSl oS S o g ShgelS e
c23ly Bl dgm Bon gl iy b oo 5 wolio [6] wiois aig
9 G Olyed 35 plen Cudib i v 252 5 (UL Sl 90 o
0,99 Febly Caled 5o 5 wFln Guysis e adsl Sme b Ol
S Wlen 5 5,58 [7] w5 b Sl o Gl 1) alepe caS5L
S S hol Syme e 3l 5 o3l Sk 6l ol wiz 2
2 2974 o s LT [8] wols wl)) 4l aw adgi e oS 5 eansS
5 Seeludge oyl Gleie ) 55T pleadly 5 g (55
sl sly woiy 4l aleyw caS5k 0)95 5 CO2 NOX LO 2als
0)99 lp Lol &5 lalaly ad S I o golatdl 5 ae Co
g laaals ) laan 3o o abal, (50,5 oolital by iS5l

@ bane Cod alal) 5l Qliie i b osalie o5 sbiles
oy U3 G5 9 pion ot hloper CtS 3l 090 drmilme 4o lanal s
o e cnl 5058 (o0 Sl 5o oLl by, cnl (b vl s 0 1) s
G L by 5 Sl iip ployer Sy pa oolatdl (28 L)1
KPP LES AR P PSUERLIRX 1 FIy SV S 0% J PR VR URE Y] IV W YUWINE XYY
oslital beJoy (loy (550 G 235 Sl o bl g9 55l ol
& bagse i ) osliial b ol pas s Tlaage b 55l s,
sladal> o Bl IUT sl o 098 o0 dmlie 5 arals ol
S5k )90 g (ALl slayell o adsl Sme cod )b slass g (55
Al velst ol ale

(o o g5 =2
s olyo a1y A b B0 50 Al ds s 5l (Silads 1 S
Shs sl Some ol Glosen wlgi pee aed e (LA g
SaleS el jolaie 4 o el (SpSUle 5 e ske letsy
odd ez mo LS le)S et 5o &l e Sy e 2SIl g alo
038y 1 o (sl 30M? Lavsgie corlie b 361120 Lol Jin ol ol
blgs Sl Coslie cups 2TM ke g glis) o
5 g5 b slalad ol «iS Sl Caglie oy g 1/53WIMPK
IS ol sas 5,5 0/B68WIMPK 4 2/830WIMPK i 5 0 ages B
s e s Jle Gilises baols o 1) i ol 5o 590 sla b 2

W fSI Jols a5 1) o 5ls 090 i 2SI S o 0
s 5l 39meS Sygo 5 5 03, el el (Kol Lz g ol
Az pletle o)l Jalts & 5l 9590 Sl 08 walss (55l >
5 0l (el (oS b 5 sl Sy 5l 8L Syl e i

2- Equivalent Uniform Annual (EUA)

255

1- Present worth Cost (PWC)

5 opleits 15 055 1394 3l o (juoe Suilfo wdise



Oed 9 3 Ziwd (IS 95 dabld

Qo S 0993 93 Ugs ile) Il Yinits p 4sS5 b CCHP YL jed Sulgl i (LB (i3 (5 jlwdisg

ol SO — P I e pole o le
@ i |
i 0,9e
390138 syigat----es : S et -
: : L
: Crrcr | P— JS2 s Sl
' M kiosge
3B Al :
P
i i ombeys
¥ A -
' 3 9,90
a5 5logs .@ ...........  SE— N

A b 3105 50 (i piees ol yo a5 ailS ans g 5 (Silais 1 SIS0

COPpy, PL
COPyom B 0-75(PL)2 + 0.0195(PL)

®)

solasdl 3J6T-2-3
oo 51 Ol g (608 puondd g Aol (GlOSIST 039, (golazdl 5T
4 0gdh e Jold |y eolaidl b Jo wollae Lali ulal 5 e > ol
wbee GRIPL Olrer g Slagiecs G385 a5 (e Oles
el ol 51 oolisad JS ooy 055 0n b 5 5 JSeks 555 o
59 yskie cpl ol Sl gl b solatul 4y (S conds ol
5 peni aie Sl adyl glaanie alS cgolasdl JUT i
maie oS el oad a8 )8 Sl o bl 5 o Slee slaan i gl
W S B985 )P CEpe Bpae glaanie ol oSl sl

shuze o 3067-3-3
slooan ¥l Jlasl @l asmyz 6288 S 0 b et U

el 00 df:‘)‘ 2 Jgd..> BN IS a..\.uB”

lo gw iS5k 0598 -4

ol wan jl wiBliie diven Hlojer ade lapimew oISl
s QT BB dwlre oplplo ail atils |y cuaS il o)90 cp S oS
cadls walys gt ol slaidl o owlul

Dy

S (9 4 Sl 3 0590 awlxe -1-4

B 9 B ($By) Se St Ghg) 4 alepe iS5l 0)93 dnlxe

5 opleits 15 053 1394 3l o (o ow Suilfo wdise

7000
L0 50 i 2SI
6000 - —— s, ile,S
S 90 Saley
-, 5000
3 M‘
2 4000 - A
Jq /
3 3000 A
2 2000 1
1000
o ]

1 2 3 4 5 6 7 8 9 10 11 12

s sgige e
MinpL

= —0.0001591(PL)? + 0.024(PL) + 0.1 @)
th,nom
MspL
———— =0.2408exp(0.01403(PL
mf,nom p( ( )) (5)

+0.03553exp(—0.02494(PL))

Sl @)l ol cond an ol 508 j5ige 5l (8L s o)l
Mg Oyl g (2 )l dlol ol ol EST L (65 S pnns
dmbre (sl g 039 (F520b 5l (2B polie (al &S Ceul 85, Lawgs 0ud

(86 Lasls ) sl ot 00lizsl [8] o yo 5 2 ykie sl 51 s

Shg e

hhPL 0951 + 1.525(PL) — 0.6249(PL)? (6)

th,nom
oSl L e
COPy,, 2
_ B 7

con 1.1819(PL) — 0.819(PL) (7)
@3? )l*’ *

256



Obed 9 3 ziwd HA595 dabld

aglo s asbiS 3l 093 33 Usg wiled b3l s 2 4x55 b CCHP Lo jats Salys iapus (53baibl b s liwdises

[9-8] o jom alsi s D5t (5 4SS 5 et 5 gl anyso l oo

adgl (535 oy ary 30 SIS 5 et a2 Ol
€ = -138.7In(E,,,) + 1727.1 M = 0.1696 x E;%2(1 — 0.6875 Eim) seilS (s @l gise
C = 205H;°% M = 0.0027$/kWh s
€ = 540(Crom ap) " 128 M = 0.003$/KWh N
C = 482(Cpom o) 07?73 — 159.7 M = 0.003$/KWh @z

“ Ayl SIS alop slaanie Jols a5 laase Al b )
g go iy y25 (12) abyl, b Blla sl

N
NPWC (y) = Z(C x NC); =0 (12)
j=1
5 et blinl gloasse | (30 aalyo cJolds po laaslys JJad 3]
5 Sloads ool Hlzi A 933V b ey @ a8 siind gl AVl del )0
Wigdor (b))l (15-13) Laly, Lawgs

o [a+dr-1 1
NPWB(y) = A x W] + SV x [W] (13)
SV =02 x NPWC (14)
A®) = D 1Y (B X pes) X T+ Regoanan] (15)
y=1 t=1

leanya )3 el Regom 9 i xSl (598 Cod fles 45 59k &
s 42 S COHP s (5 )I055 9 joony 3, Shos slaay o eyl
9 o TP R85 Sl o kalyy ol o azg BB aSS allie i
bauie Jled 35,0 b, 5l colatwl b aS cusl blawl slaay ;e

Lol 00l (65l Ko

Silwding Wl % -5
5 el ol Dlpis edgaome Lawgs (2lib (sla el )l (i aul)
3 Jgsz o o5 canl osds ploml e JBloy b peiins gbakals g,
&b @y po amo e i 1) (iluaiagy wig; 3 SE 5 s e0guome
@ sl g bed b oly (b glayll 4 axg b allle g
ey Jlo Jsb 5o plonsl L3 o y50 Sl Gelal sl S e Dglie
s Sy aingr Sl el e Al s a3l el 5 o0l

@ G b (29P 008 5 (@52 5L o 9 Shee el 59 sln
LMW 5 5 0/005 cglice slacas b g oo S b (539 ,9 g
g o oy 2oy 100620 5 )b bl

b 50 &S AT @ 009y (HBly eilS gie slp oad (558 Ll pb
sl 5 Gyl eail 5o ol e 4 00,020 5 S o5
3030 il & Bk 5l esde B s sise vz
2 sl a0l slp Lals0/03 sgam slis | ial33l (2481000)

b sy Sl 0gae 3 Jgux

IR G 5l bl
1 5000 50 (KW) ads) S oo casd o
1 100 20 (%) oj> 5k
1 3000 0 kW) Lgr ole)S b b
1 4000 0 (KW) (S S o glo o oo o

3- Salvage Value (SV)

257

aayly 5l 0gd e wlle glaael e b ailsn adsl le,w a5 b
1711] 555 o ool (9)

PB
—p+ Z CF,=0 9)
y=1

1y Jbo Ghlb o e Jlo wld 5 adsl anje 55 0 CF, 9P &S
[2] Sgud oo o3l (10) ata,

PB=— (10)

SewwS’ A.g.l.n).u wu.f)l: 0,99 Mlzo -2-4
hlivl (3509 Jo (Sley (i)l colayw iS5l )90 (S by, 50
R Lefl 3 Sl s s faed 4 g 09l o5 VOGN [OY
Sk oyes aeldl )3 09lise (Brme oy Dy Ol A g 05
Oyl Ko Jbo anl 3 Ol g 0oy gl ojlge (285 (a5 o b agle

1817 Jogs o i (11) el 50 4 oled
{NPWB(y) —NPWC(y) =0 (1)
PB=y

Pl a5 v walss Slej il iS5k 090 Gloy e S Sl 4
oo b Jl ol bt )°2L‘“~"Tﬁ Al e 55 91@9l sloasse Jab

g ply
Sl gm gy 53k o0ly Sz 09y sl el 2 Jgor

& RE Jlade bk
[8] Ju 20 N Ol uga e
8] kikg 55496 LHV e g 0l ()l 055)

[8] % 09 Teen 95135 033L
[8] % o7 COProm o232 Hlzr o Slae g o
8] % 3 COProm (S 28Ul oz o Shoe 25
[8] % oA Thom g2 035l
[11] % 0/2 i oy &5
[1312]  $/kwh 0/154 U B g Crogd Langie
[1412]  s/kwn 0/084 Uep s i SI 0y 5 Cend Lavsgie
[1412]  s/kwn 0/088 Ues Loy 5SI g3 Ceond brngie
[15] $/kgk 00024 9c02COz 0u¥T Ll dey o g5
[15] $/kgx 6/853  PnoxNOX ouis¥T Lacil aey ;> 95
[15] $/kgx 002086 0c0,CO sai¥VT jLicsl aey > ,gS6
[16] Ju, 30000 $ Yo o Ceed

1- Net Present Worth of Cost investment (NPWC)
2- Net Present Worth Benefit (NPWB)

5 opleits 15 055 1394 3l o (juoe Suilfo wdise



OblKed 9 3 yziand HI5'g5 dobld

Qo S 0993 93 Ugs ile) Il Yinits p 4sS5 b CCHP YL jed Sulgl i (LB (i3 (5 jlwdisg

bl men  E=3x750KW 5 E=2x) YE0KW (slacus b b ol
Oty DBl jeliie 4 5emilS sige LS b den 32k g Sl
ol ol Cogas g g 5Sl Cod i85 Sl 0 b owle 2 0 lade
Rl ead ceal SlgsliS anse 1 el gl S e adsl asze il
8l sl

Sl 4 bayye b slo pmie 20 il igad (lgie 4 aslol jo
Sl Yl s lp b g ol S5 5l qepalas o alie cle
el 00 ).Img_e).a L{bsf)zn

5 @b b slagmie e tin 4 bape @l 5SS
ml 6 Ss 5 S 5 ead (5l 5 a5l ol ot 4y ay iSUI
9 2k by Ggige (S Sle S 5l ead Lge (ploj Jb 4 gy
&S jeboles s o plis 1y o S Gl lasgs ool Ly gl
-olo s 5O d..:.]9| J)zn hﬁd?: Ls._eb)a w).&.ll U‘)"’A 09....:‘59 sulive
o 2 S sk A el e 5l 0y5e atn Sl 1 ST L gle
ol S o el Sl e 1S 3 L 1) 095 LS i dagle;
oS oloy Lol ogd co oamlive ouds (g g, Aty 35Sl loged (o ases
Gy Sl pae Syse yo bl iy adsl Syme 1 g8l o At 2SI
e 5 4t 4 (oAU r

mE=2550kW
mE1=1150kW
mE2=1150kW
mE1=750kW
E2=750kW
E3=750kW

1 2 3 4 5 6 7 8 9
olo

10 11 12

Oloyed 3y s 50 00 00litusl jom B sla 590 (252 b 4 S

eedee s i

6000 .

5 ssise ) 3 a5
Sosge pule S
5000 - * T )l j5se 3 Gl Gle S
DMLY AL (5 P A 1S
R * " . ’
4000 { @ .
"Q .‘

3000 1

2000 1

(¢ly sbS) lo Sy (Sl L

1000 A

1 2 3 4 5 6 7 8 9

10 11 12

5 opleits 15 053 1394 3l o (jude Suilfo wdise

Fo $05p 9 Sl Sl -
;Ia.;u" S ‘63)“ «solaidl el 6L®),'Lal)lg: -

v

&Mwéaﬂjyﬁuﬂsajf‘w;ﬂldlﬂww

v

> i o e b ) Sl

!
20% 5z b begys -
Oleyed i piaps Sloyw 9 Tyl o oS L arule -
SgeaS 5 Lol oyl g atn pSll Al -
Ohale s 5 Sl i U el sloan po drloe -
@ bl e pleyen adys pis
Orale s 5 Sl i U el loan po drloe -

@z bl o i el
b il e g 0z b 5o pees alle dgw dnile -
adsl S e

§eawl 100 5yt o> L LT

P 5 o S s U]

Funl 00l (yuned 039000 3

o Al g on3SLe dlone=
enlize ole p2 50 (252 5k g it e Syl (e
Gas g6 ey Sl
loj S5l 0,90 drmslome

Gildigy Al p O lersls 3 S

2 e Oya8 o als ao e ] e sles jo il (100F) 5/50C
[FT] el oo a3 5 L

@by -6
s 50 Al g g, by (b o el silaigr s 4 Jsur
O s LI g ol ey casl S e (sl oo b sl el
Slog loas @l bl sy (30,5 wansSlo pshiie 4y gl ol ans s
L E=2550KW b 5 45 Sges s 3STLe 555 oo 5l adgl 5 e Sy 4
US4 end bl i b Lulys b AP=A745x) 0°( o/ JL) e

258



Obled 9 3 ziand LIS'e5 dobld

Qo liSH 0993 93 Ugs ile) YRl Yinits p 45 b CCHP e jo 393 i (LB (i3 (5 lwdisg

Sy e e sl Wl L g wpree ez 4 SO
(SlgolksS » Yo) i 3o 4z 53 5 wboo 2alS 3l sl e
Lulyd (285 Sl 50 b s gl o Ll 2dl wals (li3l Sl
Sk 0y9 ewun & Adsl Syme ln Cdb o Sl LSy
7 U5 0gh o0 3105 (655 Gl el (s0050 Cuad (il L ayle s
GRIBL ey bl S g e aloye iS5l 0jp0 Slpis
- ol Ceasd il3l L o5 05 co ounlie amo e (i g5y (gla ol
ol bl anboo Rl (g (29) oy <255k Gloj e 5551 sl
ol e abioe IRl oS e Sl (Rl L @l (ST Jge 2
el (6551 G ol Card s 5 Jsy Sley G35l s

S 5 domii -8
B Oleyer olgi el golatBl (28 b)) g addlls @ dlis ol o
ool G g b A Al b e 105 9 (052 5l 50 5935 55350
@l 28,5 18 oLl oj5e aleyw ciS il ojen el jo Jgr (Slej
Dediee Jlo ;o 50 dgw ol cely adgl Sy slaws Gl ol lis
Ol aloys ciS5l 0ye0 yially slals)) ) Jeol> @S (izen
Sosb @ e)s e A o o bl 0 Jg Sley (5 &5 WS (s
Bl al38l adsl S oo Slaas (Al b ST gy ale e iS5k
Ceasd GialBll g 098 sod oamlive SLuSy Koy S iy, j0 a5 Jb o
e Ay SIS g i g, 50 odel ey lej Dae (55,5 sla el
ke SRl als

By Obrer g i Gluat @l awmlie b (S0
wloyw 255k 0,50 5 AlIle d9w sl 5l oslitul b ey 5 &)l >
Glojw T b loj Goe e b sotiw 353 00 onalive SMS
Al e (>l b S0 Sjle 4 000 ol e a1 il 0gu iy

Sl Lyl b gl juo Sl 50 4 bgye s 5 Jgu
ads) S e Sogli olass

Slade bl
3 2 1 ads) S yen ol
8/3 10/5 47 (Jl) s alo pow S5l 090

14 13 6 (o) S gl yos iS5l 090

©

—— s ol g STl 090
S Gloy c2S 3l 090

L - -

~
L

o
[ |
[ |

(Ul aslo jor iS5k 0,90 ooy oke
ey o

w
L

N

0 25 5 75 10

()55 sledol cand po a3l s

5551 sl Jal> Cansd Sl yis 200 by drleyes S5 3l 0,50 oy e T S

259

Ol 358 9ol Last 00 L (el 5 4 2SUIS U

8000 - cee®oe lisise shileye
7000 e L b ent Lgs plepe
O S bt e e
6000 . .
J’\ Ll L]
—“L, 5000 .
2 . ®
. 4000 - J "
: s .
2 3000
2000 A ./. o o AN
1000 -
0 g7 7
1 2 3 4 5 6 7 8 9 10 11 12
ol

S g iz ez Laog oad Lo (saloyms b 6 JSCi

245 5,5 oaalie (i e oo adgl S e 5 (8L, sle)S 950 0
Syeo 0wl Glezsle obe,S ksl iy 8Ly b S T slaols
oz Sl 5l eolanal b BLal sle S cpl dacle T jo ciuleyw LS
Joe Sloyw 9 Lo S 090eS Djgo 13 93,5 walss wald 1) o taloy
QS oo ol (S Sl L 5 (SaS b cud o |y Ggladlale o8 pae
aS )5.!oubub el 0dls ao)ﬂ 5 Joaz o SIS S gy 99
G alepu CAT5l 0)90 arulxe o sy Sloy )] dpdse easlie
A0 09y b SedlS gy mls o5 (g5 @ el Al (5505 peir
gl S ymme o bl cdle o Jlo 13wl gz (Dolawl o)l (23,5
a bl clls e JUo BIT 5 adgl 5 e g0 bl 2> e JLe 2/5
bse Rl adsl S e
Gl o cpl il 0ol i ] aloyur CiSl 0,90 gl S e aw

Cawlus 6T -7
ey s alaly as] o5 e shans Lial33l 0b oamline 45 j5bclan

P9y 0% B 5 (S GP9) 00 b (rl 4 9 il iS5l e

Al sgw g, 5l ol mbi 4 Jgur

Sade g Ll o5 Syl
3 2 1 adsl S e olass
750 1150 2550 (KW)adgl S pome b\l

58/2 714
4915 5598 4691
1777 1811 2011
diss  AUss AJSs
40/6 44(7 45/4

s pae (W) ,hg 2l cod )b
(kW) (S xSl pobopo bl
(kW) 23> L oloyw cud)b

(%) 257 ,L

5
(Yo 7JL)* 10 wlils s moy3SLo

5 opleits 15 055 1394 3l o (juoe Suilfo wdise



Obed 9 3 Ziwd (IS 95 dabld

aglo s asbiS 3l 093 33 Usg wiled b3l s 2 4x55 b CCHP Lo jats Salys iapus (53baibl b s liwdises

1
[2

3

[4

(5]

[6]

1

(8l

[

[10]

[11]

[12]
[13]
[14]
[15]

[16]
[17]

[18]

oYl &9
ESLIISPRee
Dl yos n
b Nom
ey S
[ESSSSae tra

&1x-10
Wu. DW, Wang RZ. Combined cooling, heating and power: a review.
Prog Energy Combust32; pp. 95— 459, 2006.
S. Li, J. Sui, H. Jin, J. Zheng, Full chain energy performance for a
combined cooling, heating and power system running with methanol
and solar energy, Applied Energy 112, pp. 673-681, 2013.
V. Basshuysen, F. Schaefer. Internal combustion engine handbook-basics,
components, systems and perspectives. Vol. 345, pp. 10-448. 2004.

H. Ghasemzadeh, M. Maerefat, A. Azimi, Design combined cooling,
heating and power system for residential buildings in Tehran climate,
Modares Mechanical Engineering, Vol. 13, No. 2, pp. 109-122, 2013. (In
Persian)

Q. Gu, Renc H, Gaob W, Rend J. Integrated assessment of combined
cooling heating and power systems under different design and
management s for residential buildings in Shanghai. Energy Build; pp.
51-143,2012.

JJ. Wang, Y.Y. Jing, C.F. Zhang, Z. Zhai, Performance comparison of
combined cooling heating and power system in different operation
modes, Applied Energy 88, pp. 4621-4631, 2011.

S .Sanaye, and M. R. Ardali, Estimating the power and number of

microturbines in small-scale combined heat and power systems,
Applied Energy86(6): pp. 895-903, 2009.

S. Sanaye, H. Hajabdollahi, "Comparison of different scenarios in
optimal design of a CCHP plant”, IMechE, Part E: Journal of Process
Mechanical Engineering, pp. 12-30, doi: 10.1177/0954408914547070,
2014

S. Sanaye, H. Hajabdollahi, 4E analysis and Multi-objective
optimization of CCHP using MOPSOA, Proceedings of the institution of
Mechanical Engineers, PartE, 228,1, pp. 43-60, 2014.

K.K. Humpherys, project and cost engineers’ HandBook, Marcel Dekker,
New York, pp. 1-60, 2005.

M. M. Oskoonejad. Engineering Economy. 4th ed. Amirkabir University,

Tehran, Iran, Amirkabir Publishing, pp. 179-417, 2007. (in Persian)

Economic data in iran, Accessed 1 march 2014,
http://www.eranico.com/_(In Persian)

Price of Fuel, visited 2 march 2014, http://www.nigc-mpgc.ir/_(In
Persian)

Price of Electricity, Accessed 1 march 2014,
http://bahaye_bargh.tavanir.org.ir/(In Persian)

Economic data in worth, Accessed march 2014, http://www.eia.gov/
http://www.eranico.com/ Accessed 1 march 2014.

M. Ebrahimi, A. Keshavarz, Sizing the prime mover of a residential
micro-combined cooling heating and power (CCHP) system by multi-
criteria sizing method for different climates, Energy, Vol. 54, pp. 291-
301, 2013.

M. Maerefat, P. Shafie, Design of CCHP system for office buildings in
Tehran and thermodynamical, environmental and economic evaluation
in comparison to conventional system, Modares Mechanical
Engineering, Vol. 14, No. 6, pp. 124-134, 2014 (In Persian)

5 opleits 15 055 1394 3l o (jude Suilfo wdise

"o oAbl 35 (B9, b e S 6l Doy 9 Ol G0 plejen
8l s e o 2S5k b 0,95 (S 4 Ol

e Cow yed -9
(®) sbll sl A
($/year) Lo sgu AP
($7KW) as 50 c
D099 D)l G Oleje g el CCHP
ez Ch
() Jbonly CF
(kW) ooy )b CL
(%) o Shoe g5 copP
(kW) o1 EL
(kW) 5,1~ b HL
() 042 &5 i
(KW) (b cd)bs NC
@) A b ;) NPW
($) loalys Jad 55 NPWB
(®) o aje ab ;) NPWC
(ka/s) o> &5 M
($/year) sUls a2 JS TAC
(8) adsl ayzo P
() b ps czS 3k 090 PB
(%) 252 b PL
Sels R
(B7kW) blawl 4z 50 Y
oley S T
s mdle
(B/KWh) (g8 9,3 5 ;556 u
b o5k T
($7kgy) ooV jLassl des > ;93516 ®

Lomgin)
e ab
w5 g B
Sl el
S CSgm f

IXWRWN G
59155 Gen
PCIIRRLA VY SRS} j

260



