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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this article, a mathematical analysis of a CCHP system following electrical demand management
Received 05 January 2014 and thermal demand management in comparison to separate heat and power system for an office
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X ) building in Tehran is presented. In the thermal demand management, two modes including with
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selling electricity to grid and without selling electricity to grid are investigated. In order to have a

Keywords: comprehensive evaluation of the performance of the CCHP system, four criteria including primary

CCHP energy saving, COz emission reduction, operational cost reduction and rate of return are
Office Building employed for a typical office building in Iran. Also the AHP method is used to specify the best
Multi-Criteria Analysis operation mode of the CCHP system when all of the criteria are involved. Results show that from

Thermal Demand Management

Flectrical Demand Management the energy and environmental viewpoints, the CCHP system following thermal demand

management with selling electricity to the grid is the best operation mode. But the CCHP system
following electrical demand management has the maximum rate of return. For the all of the
operation modes, the CCHP system has lower operational cost than SHP system throughout the
year. From an integrated view point, the CCHP system following thermal demand management
with selling electricity to the grid is the most attractive option.
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4- Separate Heat and Power (SHP)

YA


https://dorl.net/dor/20.1001.1.10275940.1393.14.8.19.2
https://mme.modares.ac.ir/article-15-10830-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.8.19.2 ]

Rl el 9 8 20 s34

AHP iS5 b 0l g 03 I3 Yloidln 53 5l 3 iditke 3 yShoc LS 33l piwnl waxs CCHP i 6 )lizo 3in 2Ll

el dslos B8 () +) dla]
0 Qreq _Qrec Qreq > Qrec
b =
0 Qreq < Qrec O+
OY) hal, oo Camss (1)l 51 F™ (S8 gy (b a0 g

h Qb
)
My (QR))
hy
Fon—site=FbCC p+Fpgu ay)

Sl b U""’i" &7y Cxi CCHP pisspon — Y- Y- Y
S 0me Syl 5L badsh Sy 51 oLk @l gl Gl o
ot el (S S (65 Canl S 5 35 ge o0l ks lexSLle
sl plexdbe 5l o900 (oS 5516 2l adsl S e Lawgs
)l ogzg aSh & By (s L g A Gl 5wy Gl el ol
L el sl o Lop 5 Syl w3 ploped g piens sln
el oS> 5 bl (5l
adsl Symme 3l Sbib Oyl Jde ( Syl b el sl o
b Qree: adsl Syme 3l GLsl LB @ l> iSlas jlade 51 wiles el
F i s adsl e 5ol B ol Sl dalne 8950) w3l
e e ol 1y ol il Jols OF) Ayl 555 sl (S
Qreq _Q;]ggx Qreq > er}g(a:.x
Qb - max
0 Qrqu rec A\Y)
= Qrec
Mrec( =Tpgu) 0%
el Sty (10) Aol igm)l5 5350 Lamsss 0 (sl (S22 (55

Epgu = FoguTpgu Y

pgu

e (PBras CEge J5 5 (V) A, 5l (S5 by ($rae cS g
ilslre LB OY) dll, 5155 lejen 0 g

by 0ad aeli (S8 (655 (il b a3l
G plexsle S Sl (65,3l sLolis cpuals (sl ol (ySae adgl S e
oS (5130 casly ezl (S5 L 5l e b 5 05l IS Lo
65 Ol 5 b ael &d Br Bk Sl wl ols 3,5 LS
5 OF) Lals, 51 a5 ol JUil aSs & 1) By o algi 5LSI S, oI
il LB (1Y)

pechp _ {Ereq “Epgu Ereq> Epgu
grid — 0

Ereq SEpgu 419]
- Ereq =Epgu  Ereq > Epgu
exp —
P o Ereq SEpgu av)

S5 Slold Oluwbro 9 bw Oloisbe Y
ol Lo 5 D)l (30 Glojed odg Glapinn o Sloe 5 ()b
G5 slola ol jshate 4 allie cpl jo il oylal ) sy

Y4

Ty E
£7% N
Q:
> s ezl
Ty
! 2 n
— A ] s LaS

Aoz adgh w50 6551 Gl ol SLo ) S

cchy
" Egriip -
Epp ? Ereq
FARE e RN sz >
Q- ezt L
y A =
Qr::
Fop T
F .
ansite . > Ly S S L Bn o
FE @

Oleson 3dgi s 13 (55,0l oLy ol SLo ¥ Sl

2SI ol (6 551 yn] CxF CCHP ppiamns — V- Y- Y

el Cagdl 5o plaxsle (SoSI L el oo Shee lmal cpl o
b b Epgy cadsl S e lawg o (oS (650 &5 poghe (o
Sl Gl See T g 068 0 00l el B el (S S
S 0yse il 655 L pln @ cadsl Syme leads SL3L (Sl
Sezg gFll opl o a4 G Jhgyd Ol il @, Lol
G5l Cot Loy g Sl (3 Glojer adgi pians gl 1 0l
ol (ST 25 Loy (oS sl

~~\i~‘n5" ey (0) Al 51 Lozl )0 5L 050 )l (655

Qreq = th + Qch (a)
__Q
Cen = cop, ®)

S5 penn S Epgiteadsl Sy (oSl Gl S Tas Al B9
o el oot &L F i 50 o S L el 5]l S e
e 5l g e adsl S e bawgs sag (S SN ol 3l
Eq 3l 350 Bl (S L 1A asl i el dulxe Sl

S350 eab 4ed B Gyl 51 (V) i oo

max max
Fechp _ Ereq=Epgu  Ereq>Epgu
gl . <E™
req = Epgu ()]
Ao dlome LB (A) Alasl 51 gy sl o5y 35 (28 pne Egas
P _Boqu
PR e )

Cewdy (q) S‘JQ") )l ‘Qrec ‘)9""')lf )9"9"’ )l ‘—’L’)L’ uL’LQ ts’)‘)'> ‘5))‘" k)"‘)"L"’
Q.. - Epgunrec a _npgu)

rec Mg @)
Lol lp el oS eyl Sl eas Sk S 65

i asl ol 5 e b g aals 36 L g bl gzl o)l >
5 a8 055 el (S8 Shgr )b 5wl Qb 3y5e SLS )~

A ool A E 053 AYAY QLT (yurde Silse i


https://dorl.net/dor/20.1001.1.10275940.1393.14.8.19.2
https://mme.modares.ac.ir/article-15-10830-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.8.19.2 ]

Rl el 9 8 20 s34

AHP iS5 b 0l g 03 I3 Yloidln 53 5l 3 iditke 3 yShoc LS 33l piwnl waxs CCHP i 6 )lizo 3in 2Ll

Slelo ol oals a8 3 ks 0 @31+ 0 L (g b0l leszl jo ol ol 3l
Gy Sl Sl cuys el ol bS5 s WY B A Sl gl
VAW/mZK g\ AW/MZK 5 ca 5 & plezslo gl g )5 sbolgwo
Ar B bl ghe 4 355 rshe Colus Cand il
A o oylazgs ated g ekl iz 5l ezl glaoyzey Y-
Sloads azs 8

wobeS S b del b plesle o s 5l Lol
ssbite 4 0gdipe (oSl g Gtale Sl (dras 05 Ol ik
oslatwl (VA) dlal, 5l cpleislo o (Brae o5 O (S)l> )b dlxe
W AW
Q=P LoV (T, =T) OA)
ailjgy bawgie JJade ply g5 0392 08 O Brae e oV OA) dla, 40 a5
Dyl calons 435 Las ool glaglexsle sl a5 o lil ) 0
bogio b plyy Tr o p Of (slod 5 OYC ol (T2 il 0550 0,5 ol (sleo
Sleluyd c3lgiSy job @ 08 O Grae g oad (28 dilis) cla les
IO IRVIRER SIS

e )b plesbe ciolepw 5 (G0 dnule pslaie &
5 ilo,S 6l ool 0l 2 45 el ouds soliud HAPAS l38la
oozl 5 arulre el VY (b5 ol jo jl 55, Graaozily 5o lale s
il g ole slags, ;0o 5o 5k polie Sk obe 5o 5,

Slasile bl plesle S0 (SO aSIl Sl G 5 el
S0 2l g Sl Sl (S (S5 i el (i,
ool (@8 Dl 1S ol g leses cuyd o Sras Gl
@ Geizen load a3 S a8 [VF] e jl snel oy slaasls
ol o o3litl (12) Elaly 51 s s oy s drasles jslaie
1y by 5 il b 2T (5 & Caem 5 Haem alay o o Al
A o ol
w=0.005max(H,,, ,Cy...) (QR))
P Slpoad ad S I s Slojen ulps g olasl ((Bras lg ) Jeor
51 eolaial &ils, hlgy s oo plas 1) (oSl Slygas 5l plas
as Sl 0 VO] gompe b )b plasle lp (So Sl Slppges
@bdsy Ol @ldle (oSl L dsle jshate 4y Grizren g 0ol
e slpole 1 5l s, repd 5l 50 edye 096 5 gl Sl bl
Sl Bpae pasliy i cpaw NNFA] il st ols sodas ol
Al alxe SEKWh/m2 Ll Loe o)l loxsle YL S, 2SI
Yl (oSl (65,0 B pan pasls Lawgie V] g je 3ub a5 ol
bople Ol ale bawgie (65500 53 b alo s jo )bl glaglexsle
omlin 283 5l plesle (S SIlL Slwle 13 il oo FYKWh/m?
el 595 5

g Ginleyw Sl e drae o5 Ol (Gile S )l b polie ¥ IS
a3 ol 1) plaisle (S 2SI

Al o ) plogen g mras sble o Jalse 2 ipte 5| (S
s Ol @ Ol Ces ablise \Q‘aﬁ' 4 Ol Cams was e I8
@ obitle Gl a4 Ol Cend TS aldlo VYOl jeelS
seolie ol a5 was e olis Jlu calisee slacle 5 RHP ¢ 1) 590055 o350
RUSINIY /I CRYITNFS

1- Heat to Power Ratio

A ool A E 053 AYAY QLT (e Silse i

100
L JETEV TS eIt ? 7
= . ]
80 | T ole s S "':; é g
— T T g é g 7
Z Z
Rl I R
= 1 -
P M b
z I I
S ‘HE N
S - Zl
=40 A I R
o
o
m o
I AV N
~— —
o {117 T
AR
2o I R s I =, (R I =
ZI I D
NN A0 0N
N “ N p N N
2 - ? ) 5 o{ S 2
FAP AP et g3
OL&
sloole ;3 plazslo (Bras o) 0l 5 Gtale s tale,S (S Sl (slayly ¥ S5
4
3_
Q,
52
1_
0 ——
N E N B - N AN
7 " 3 2 & 4 57 » )
SP AP el g E
olo
5338 s99e 4 Ol Glg 4 Ol S B S
Lo g ylol plazmls (S 2SIl Slsgoni Slaseie ) Jguor
Slojer o Slass (W) (B yas Sl5 Oy g9
-4 Voo [ wliss,
Yo AY VY- SseealS
<10 f. VY- Sy
16 A 5. S
) \. Y. S
“IA VY £\ PRRT
\ Y- Y0 Jl;ou
) \. £1- 53

Glegleisls pgas sla Shy b s )bl plaisle S Gl jsliie 4
ol a8 el oa ool VY] gz pe 50 zj0m0 Sledbol 51 (jgaS (ol
4y Sbasl (sae Y0+) ,5i5 o lol slalexslo 5l conlis Lges dasl>
Sl lio cpl 55 bl cpl pocenl oads a3l 5 LT (65,1 (6 e
onds plwl goye yio Froe slupy bail ¥ )bl glessle ol
Slp Lops @l &l lwgie NY] g Sledlbl ulaly ol
olaws 1 ailgs Hi o el 4 @ yie YA eaS )l laglexsLle


https://dorl.net/dor/20.1001.1.10275940.1393.14.8.19.2
https://mme.modares.ac.ir/article-15-10830-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1393.14.8.19.2 ]

Rl el 9 8 20 s34

AHP iS5 b 0l g 03 I3 Yloidln 53 5l 3 iditke 3 yShoc LS 33l piwnl waxs CCHP i 6 )lizo 3in 2Ll

Ol bl ool anulre cbites (35 ) bl p adsl S e
Egere o5 < ggarme S b orez (e sl ol o 8 gl
Sl ey e e Sl L3 00 (il b s Gt Syl b el
125 50 iS5 crlens JiSTuo (335 adiie b 09 s ey 4Vl Slel
S b s o 85 5 o Ui (e (0553 e
Sl S baums lis polas iz 0gd e atie 35 el 4yl
Sl b S el Jol L 58 il Wi s s 45 S 3>

e dloms LB (V) Al 5 ATL il g gama

ATL=Q, +Q,, + Q

CoP, )
Lo ol pleilo @l 1) ggome (S5l Jb (oo (e 7SS

3 il gy onl & hb 5 ol 45 adyl e Slasia

el o 81 V-V i

LSS
s S Lo s 9 52 030 Olo o 35 i (L3 polaie 4
sl lxe (golaidl 4 6‘43'7“’ Sy o550 S akds 5l wllas ol

A S N R R

@obasil b3l ol ylxo V-8
B iy, 99 loyed sl slapuns golall b)) jskie 4 Logas
LS rtss'ﬁjt;""'l Lol Bl asle Gy 90 (nl el w8 S
Sy o o Caul ool &L o Sbil byl Y] Slus
Bl o Sealus bl aiibicas o se £5 g peem ke s
il s ol 55 0l 85,5 1 00 oS el laLne

93 oleyor 3y s golatdl b)) jelie 4 caslllae (nl o
Sl oy @ alopw Sl 25 5 9 Shee duje oS wops lee
load ad 3 )15 4 (Selins 5 (Sl (o)

7o Slos L3 SalS duo yd —1-1-0
898 o0 dmloe (YV) dlayl) 510 Sloc diy 50 ialS wo o

B Cost*™P - CosthP
Cost P (AR
Adgi s 90 (gl 4D Gl B g rk 5 05 el o Slee dse
A A By o8 ey puizren el o0 Al W)g piw § lojen
o Llod 55 aSid 4 30 298 5l Jol> delo plojen adgs pitens (sl
Agloe Sy (VY) Al 5l alSlaz 05 e 8 Slos a5 50 ol

CR

Cost™ =Cost E ;1;113 +Costi™F, (YY)

5 4l a4 Gy s pae Ll> o lojen agi et o Slee 450
ol b JIB (V) 5 (VF) Ly, | o &0 452 & 30 g8

cchp _ cchp cchp

Cost =Cost E arid +Costy M F | cite Y
cchp _ cchp cchp cchp

Cost ™ =Cost Egd +CostiPF, . —Cost o Eq (AAp)

SlogksS” o il 4 (3o £ oy S)l59 VYA Jlo ol el

2- Aggregated Thermal Load (ATL)
3- Static Analysis

4- Dynamic Analysis

5- Interest Rate

6- Operational Cost Reduction(CR)
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