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K]U |wQ xOvm =QB w s}kDUt V@=D ẁtHt Gtot 'QwDmrm xOR=@ �coll u; QO xm
C w B 'A w QwDmrm x@ |HwQN w |OwQw |=tO u}ov=}t Tavg 'QwDmrm Q=O ?}W

[22]"CU= QwDmrm CUD x@ \w@ Qt C@=wF
A = 0 612 (19)

B = 0 54 (20)

C = 0 0017 (21)

CUO x@ Q} R \@=wQ R= xOR=@ w O}WQwN V@=D j} Q] R= QwDmrm x@ |OwQw |=tQo
[18]%Ov};|t

_Qin;coll = GtotAcoll (22)

�coll =
_Qcoll

_Qin;coll
(23)

%O};|t CUO x@ 7 |x]@=Q R= sDU}U <RH Qy |=Q@ swO uwv=k xOR=@

�II =
_EP
_EF

(7)

%O};|t CUO x@ 9 w 8 \@=wQ R= R}v xNQJ |=Q@ swO uwv=k xOR=@ w pw= uwv=k xOR=@

�I;cycle = ( _WHPT + _WLPT )� ( _Wpump1 + _Wpump2)
_Qin;coll + _Qevap2

(8)

�II;cycle =
_WHPT + _WLPT

_EF;coll + _EF;evap2
(9)

|O=YDk= � |SQRo = p}rLD "2"3
|@=} RQ= |=Q@ xmCU= |O=YDk= pwY= w |SQRo = R= |@}mQD |O=YDk= � |SQRo = p}rLD
'|SQRo = u=} QH GwQN w OwQw |xv} Ry MQv <RH Qy |=Q@ "OwW|t s=Hv= sDU}U QDy@
xDiQo Q_v QO |Q=Po x}=tQU w x}rw= |xv} Ry u}vJty w =tQo w Q=m p=kDv= |xv} Ry MQv
[18]%OwW|t xDWwv Q} R pmW x@ sDU}U |=RH= |=Q@ xv} Ry xvR=wt xrO=at [6]"OwW|tX

_Ce:k + _Cw;k =
X

_Ci;k + _Cq;k + _Zk (10)

_C = c _E (11)

k <RH |=Q@ xv} Ry MQv R}v _Zk "CU= |SQRo = OL=w |xv} Ry c w xv} Ry MQv _C xm
%O};|t CUO x@ 12 |x]@=Q R= xm CU=

_Zk = Zk:CRF:'
N

(12)

xm |Q=Oyov ?} Q[ ' 'k <RH |Q=O} QN |=Q@ x}rw= |xv} Ry Zk '12 |x]@=Q QO
QO Ca=U 7000 Q@=Q@ xm xv=}r=U OQmQ=m C=a=U N 'xOW xDiQo Q_v QO 1 06
p@=k 13 |x]@=Q R= xm CU= x}=tQU CWoR=@ ?} Q[ CRF w [18]xOW xDiQo Q_v

[21]%CU= x@U=Lt
CRF = i(1 + i)n

(1 + i)n � 1 (13)

[18]"CU= p=U20 Q@=Q@ xNQJ O}it Qta w �12 =@ Q@=Q@ OwUMQv?}DQD x@n w i u; QO xm
|x}rw= Ct}k u}vJty w xNQJ |=RH= |=Q@ |mtm \@=wQ w xv} Ry |xvR=wt CqO=at

90



2|
xQ=t

W'
38

�3
|xQ

wO'
�14

01
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt [18]"xNQJ |=RH= x}rw= Ct}k w |mtm \@=wQ w xv} Ry xvR=wt CqO=at "4 pwOH

"|r; u}mv=Q |xNQJ |=RH= |=Q@ |SQRo = ?} QND u=R}t "2 pmW

EL@ w G}=Dv "5
'|OwQw |=yxO=O w |O=YDk= � |SQRo = w |SQRo = '|SQv= x@ \w@ Qt\@=wQ R= xO=iDU= =@
|O=YDk= �|SQRo = w|SQRo = '|SQv=p}rLDG}=Dv w xOW|R=Ux}@W|O=yvW}B |xNQJ
?} QND Q=Oktu} QDW}@|R=Ux}@WG}=Dv x@ xHwD =@ "CU= xOt; 6pwOHQO xNQJ|=RH=
|DQ=QL hqD= p}rO x@ "CU= |O}WQwN QwDmrm x@ \w@ Qt |xNQJ pm QO |SQRo =
MQv u}vJty [18]"CU= O=} R R}v u; |SQRo = ?} QND Q=Okt '|O}WQwN QwDmrm QO O=} R
u=R}t 2 pmW "OQ=O =Q Q=Okt u} QDW}@ <=RH= Q}=U x@C@Uv |O}WQwN QwDmrm |xv} Ry
R= TB w 1 QwD=QB w= "OyO|t u=Wv =Q |r; u}mv=Q |xNQJ |=RH= QO |SQRo = ?} QND
C@=F =tO |=yOv}=Qi p}rO x@ xm OvQ=O =Q |SQRo = ?} QND Q=Okt u} QDW}@ QwUv=Ovm u;
"CU= =yAtB x@ \w@ Qt R}v |SQRo = ?} QND Q=Okt u} QDsm "CU= x=oDUO wO u}= QO
CUO x@ �12 45 w �8 82 ?}DQD x@ xNQJ swO uwv=k w pw= uwv=k xOR=@
u} QDW}@ Q=WiQB u}@ QwD w u} QDsm |O}WQwN QwDmrm 'xNQJ |=RH= u}@ QO "O};|t
u} QDW}@ w u} QDsm ?}DQD x@ |O}WQwN QwDmrm w 1 QwD=QB w= "OvQ=O =Q swO uwv=k xOR=@
u=tOv=Q p}rO x@ |O}WQwN QwDmrm =Q} R 'OvQ=O =Q |O=YDk= � |SQRo = ?} Q[ Q=Okt

"OQ=O |}q=@ |DQ=QL hqD= 'u}}=B |SQv=

"pL VwQ |HvUQ=@Da= "5 pwOH
��� xOR=@ (kW) |SQRo = ?} QND <RH

[18]`HQt Q[=L Q=m [18]`HQt Q[=L Q=m
0 829 0 8292 10 3 10 3 u}@ QwD
0 87 0 8703 0 725 0 25 AtB
0 887 0 8922 12 8 12 23 QwD=QB w=
0 508 0 5083 26 9 26 09 QwUv=Ovm
0 155 0 1545 620 3 620 9 |O}WQwN QwDmrm
0 888 0 888 1 32 1 32 |}=tQo u}tR

|O}WQwN QwDmrm R=}v OQwt CL=Ut Acoll w QwDmrm QO =tQo p=kDv= MQv _Qcoll xm
"CU=

p=kDv= |=Q@ R=}v OQwt CL=Ut �QwUv=Ovm w =yQwD=QB w=� |DQ=QL |=ypO@t QO
%OwW|t x@U=Lt 24 |x]@=Q j} Q] R= CQ=QL

Ak =
_Qk

FUk�TLMTD;k
(24)

500 =@ Q@=Q@ CQ=QL p=kDv= |rm ?} Q[ U '0 9 Q@=Q@ K}LYD ?} Q[ F u; QO xm
"CU= |tD} Q=or |=tO hqDN= �TLMTD w [23] W

m2

|HvUQ=@Da= "4
[18]`HQt R= EES Q=Ri=sQv \UwD |R=Ux}@W R= pY=L G}=Dv |HvUQ=@Da= CyH
QmPr=jwi CqO=at T=U= Q@ [18]`HQt QO xO=iDU= OQwt |xNQJ "CU= xOW xO=iDU=
5 pwOH QO [18]`HQt =@ G}=Dv |xU}=kt "CU= xOW G=QNDU= G}=Dv w xOW p}rLD
QO xOt; CUO x@ G}=Dv u}@ OwW|t xOy=Wt xm xvwou=ty "CU= xOW xO=O u=Wv
pw@k p@=k CkO Qou=}@ xm OQ=O OwHw |@ wN Q=}U@ j@=]D `HQt G}=Dv w Q[=L Q=m

"CU= p}rLD VwQ

91



"""|
O=Y

Dk=�
|SQ

Ro=
w|

SQRo
='|

SQv=
p}rL

D"|O=yvW}B |xNQJ |O=YDk= � |SQRo = w |SQRo = '|SQv= G}=Dv "6 pwOH
f �II cp cF _CD _Z _ED _Qor _W <RH

(�) (�) ($=Gj) ($=Gj) ($=h) ($=h) (kW ) (kW )

8 36 79 65 29 03 22 7 2 798 0 255 34 23 628 8 1 QwD=QB w=
80 35 82 98 2 65 1 3 0 069 0 283 14 77 468 5 2 QwD=QB w=
64 84 86 44 42 42 29 33 1 657 3 055 15 69 100 Q=Wi QB u}@ QwD
95 15 85 87 14 22 3 24 0 096 1 881 8 23 50 Q=Wi sm u}@ QwD
79 08 85 65 50 99 28 32 0 036 0 136 0 35 2 46 1 AtB
84 39 85 68 58 63 28 32 0 010 0 057 0 10 0 72 2 AtB
21 62 23 3 97 29 18 71 1 778 0 490 26 4 950 5 QwUv=Ovm
100 15 04 22 7 0 0 13 75 950 1 628 8 |O}WQwN QwDmrm

|=RH= |SQRo = ?} QND |wQ 1 QwD=QBw= Iv}B |=tO hqDN= Q}F-=D Q=Owtv "5 pmW
"xNQJ

|=RH= |SQRo = ?} QND |wQ 2 QwD=QBw= Iv}B |=tO hqDN= Q}F-=D Q=Owtv "6 pmW
"xNQJ

QwUv=Ovm '2 QwD=QB w= QO '2 QwD=QB w= |=tO V}=Ri= =@ |SQRo = ?} QND "CU= xOW xO=O
"CU= xDi=} V}=Ri= 2 AtB QO w xDi=} Vy=m 'Q=Wism u}@ QwD w

|=R=x@ xNQJ |=RH= |=Q@ |SQRo = ?} QND C=Q}}eD u=R}t 6 w 5 |=ypmW QO
V}=Ri= =@ "CU= xOW xO=O u=Wv 2 QwD=QB w= w 1 QwD=QB w= Iv}B |=tO hqDN= C=Q}}eD

"xNQJ |=RH= |SQRo = ?} QND |wQ 1 QwD=QBw= |=tO Q}F-=D Q=Owtv "3 pmW

"xNQJ |=RH= |SQRo = ?} QND |wQ 2 QwD=QBw= |=tO Q}F-=D Q=Owtv "4 pmW

C=Q}}eD ?ULQ@ xNQJ |=RH= |SQRo = ?} QND C=Q}}eD |xOvyOu=Wv 3 pmW
QwDmrm QO |SQRo = ?} QND '1 QwD=QB w= |=tO V}=Ri= =@ "CU= 1 QwD=QB w= |=tO
1 QwD=QB w= QO |SQRo = ?} QND u}vJty "Ovm|t |}x_Lqt p@=k Vy=m |O}WQwN

"O@=}|t V}=Ri= 1 AtB w Q=WiQB u}@ QwD QO w xDi=} Vy=m QwUv=Ovm w
u=Wv |SQRo = ?} QND Q@ 2 QwD=QB w= |=tO Q}F-=D '3 pmW Ovv=t 'R}v 4 pmW QO

92



2|
xQ=t

W'
38

�3
|xQ

wO'
�14

01
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt

"xNQJ swO w pw= uwv=k |=yxOR=@ |wQ Q@ 1 QwD=QBw= |=tO Q}F-=D Q=Owtv "9 pmW

"xNQJ swO w pw= uwv=k |=yxOR=@ |wQ Q@ 2 QwD=QBw= |=tO Q}F-=D Q=Owtv "10 pmW

=@ 9 pmW x@=Wt R}v 10 pmW QO "O@=}|t V}=Ri= �12 57 x@ �11 49 R= R}v
x@ swO w pw= uwv=k |=yxOR=@ 'Tw}UrU xHQO 83 =D 67 R= 2 QwD=QB w= |=tO V}=Ri=
?@U =yQwD=QB w= |=tO V}=Ri= xH}Dv QO "O@=}|t V}=Ri= �0 13 w �0 70 ?}DQD

"OvwW|t =yxOR=@ V}=Ri=

xNQJ OQmrta Q@ |O}WQwN V@=D COW C=Q}}eD Q}F-=D "6
"Ovm|t Q}}eD|Da=U|DL w xv=RwQ 'pYi x@pYi p=Upw] QO|O}WQwNV@=DCOW
QO "CU= xOW xO=iDU= [24]OwHwt C=ar=]t |=yxO=O R= C=Q}}eDu}=uDiQo Q_v QO |=Q@
COW\UwDt w [25]OwW|t?=NDv= x=t u; xOv}=tv u=wvax@ x=t Qy R= RwQl}VwQu}=
xOv}=tv RwQ 7 pwOH "OwW|t x@U=Lt |@=Di; C=a=U QO RwQ u; |O}WQwN V@=D
"OyO|t u=Wv =Q xv=RwQ |O}WQwN V@=D COW \UwDt w |@=Di; C=a=U 'x=t Qy

u=Wv QwDmrm CQ=QL pO=@D K]U Q@ |O}WQwN V@=D COW Q}F-=D 11 pmW QO
"CU= xOW xO=O

'OwW|t QDW}@ QwDmrm xv=yO x@ |O}WQwN V@=D COW xJQy 11 pmW j@=]t
xHQO 150 |=tO u}t-=D |=Q@ �QwDmrm |=yu=tr= O=OaD� QwDmrm CQ=QL pO=@D K]U
|O}WQwNV@=D COWC=Q}}eD Q}F-=D xm 13 w 12pmWj@=]t w xDi=}Vy=mTw}UrU
V}=Ri=?@U 'OyO|t u=Wv =Q xNQJ swO w pw= uwv=k xOR=@ |wQ Q@hrDNt |=yx=t QO
700 =D 443 R= |O}WQwNV@=D COWV}=Ri= =@ "OwW|t xNQJ swO w pw= uwv=k xOR=@
�9 45 R= swO uwv=k xOR=@ w �8 36 x@ �7 43 R= pw= uwv=k xOR=@ '`@ Qt QDt Q@ C=w
xNQJ swO w pw= uwv=k xOR=@ u} QDsm w u} QDW}@ 12 pmW j@] "OUQ|t �10 96 x@

|=RH= |SQRo = ?} QND |xv} Ry MQv |wQ 1 QwD=QB w= |=tO Q}F-=D Q=Owtv "7 pmW
"xNQJ

|=RH= |SQRo = ?} QND |xv} Ry MQv |wQ 2 QwD=QB w= |=tO Q}F-=D Q=Owtv "8 pmW
"xNQJ

5 pmW QO "O@=}|t V}=Ri= |SQRo = ?} QND 'OQU w sQo p=}U u}@ =tO hqDN=
QwDmrm w 1 QwD=QB w= QO |SQRo = ?} QND '1 QwD=QB w= Iv}B |=tO hqDN= V}=Ri= =@
Iv}B |=tO hqDN= V}=Ri= 'xNQJ |=RH= Q}=U QO "O@=}|t V}=Ri= |O}WQwN
hqDN= V}=Ri= R}v 6 pmW QO "OQ=Ov <=RH= |SQRo = ?} QND QO |Q}F-=D 1 QwD=QB w=

"OwW|t 2 QwD=QB w= QO |SQRo = ?} QND V}=Ri= Ea=@ \ki 2 QwD=QB w= Iv}B |=tO
?ULQ@ xNQJ |=RH= |SQRo =?} QND |xv} Ry MQv C=Q}}eD 8 w 7 |=ypmW QO
|=Q@ |SQRo = ?} QND |xv} Ry MQv "CU= xOW xO=O u=Wv 2 w 1 QwD=QB w= |=tO
|O}WQwN |SQv= xm 'QwDmrm CNwU uOw@ xv} Ry uwO@ x@ xHwD =@ |O}WQwN QwDmrm
|SQRo = ?} QND |xv} Ry MQv 1 QwD=QB w= |=tO V}=Ri= =@ "CU= QiY pO=at 'CU=
=t= 'xDi=} Vy=m 2 AtB w Q=Wism u}@ QwD 'Q=WiQB u}@ QwD '1 QwD=QB w= 'QwUv=Ovm QO
|xv} Ry MQv 2 QwD=QB w= |=tO V}=Ri= =@ R}v 8 pmW QO "O@=}|t V}=Ri= 1 AtB QO
"O@=}|t V}=Ri= 2 AtB QO w 'xDi=} Vy=m 2 QwD=QB w= w QwUv=Ovm QO |SQRo = ?} QND
10 w 9 |=ypmW QO "CU= |SQRo = w |SQv= p}rLD QO QDt=Q=B u} QDsyt �xOR=@�
xOW xO=O u=Wv swO w pw= uwv=k |=yxOR=@ Q@ 2 w 1 |=yQwD=QB w= |=tO C=Q}}eD Q}F-=D
107 R= 1 QwD=QB w= |=tO V}=Ri= =@ 9 pmW QO OwW|t xOy=Wt xm Qw] u=ty "CU=
swO uwv=k xOR=@ w �8 88 x@ �8 31 R= pw= uwv=k xOR=@ 'Tw}UrU xHQO 122 =D

93



"""|
O=Y

Dk=�
|SQ

Ro=
w|

SQRo
='|

SQv=
p}rL

D[24]"hrDNt |=yx=t QO |O}WQwN V@=D COW \UwDt C=Q}}eD "7 pwOH
V@=D COW \UwDt |@=Di; C=a=U p=U QO RwQ x=t QO RwQ x=t
(w=m2) xv=RwQ

485 4 6 17 17 January

480 67 7 1 47 16 February

549 08 7 5 75 16 March

670 02 7 8 105 15 April

597 72 8 5 135 15 May

535 29 10 4 162 11 June

700 11 1 198 17 Julay

657 21 10 1 228 16 August

634 52 8 5 258 15 September

554 90 7 9 288 15 October

484 70 6 6 318 14 November

443 7 5 9 344 10 December

|wQ Q@ hrDNt |=yx=t QO |O}WQwN V@=D COW C=Q}}eD Q}F-=D Q=Owtv "13 pmW
"swO uwv=k xOR=@

C=a=U Q}e QO xm CU= QmP x@ sRq "CU= Q@t=UO w |qwH x=t x@ \w@ Qt ?}DQD x@
"O@=}|t xt=O= 'CU= C@=F u=tR Qy QO xm |}=tQo u}tR `@vt \UwD u=wD O}rwD |@=Di;
C=Q}}eD w xNQJ |=RH= pm |SQRo = ?} QND |xv} Ry MQv C=Q}}eD 14 pmW QO
"CU= xOW xO=O u=Wv |O}WQwN V@=D COW ?ULQ@ jQ@ \UwDt O}rwD |xv} Ry
xOR=@ QwDmrm |OwQw CNwU uOw@ xv} Ry|@ w |O}WQwN V@=D COW V}=Ri= =@
Q}taD w |}=OD@= |xv} Ry MQv Vy=m ?@U Qt= u}= w xDi=} V}=Ri= u=wD O}rwD |xNQJ
MQv w u=wD O}rwD =@ \@DQt |xv} Ry MQv Vy=m Ea=@ u; p=@vO x@ w =RH= |Q=Oyov w

"OwW|t pm |SQRo = ?} QND |xv} Ry

|Q}oxH}Dv "7
\@DQt |=yC}OwOLt w 'hQ] l} R= |SQv= hQYt x@ R=}v uwRi=RwQ OWQ

"QwDmrm CQ=QL pO=@D K]U Q@ |O}WQwNV@=D COW C=Q}}eD Q}F-=D Q=Owtv "11 pmW

|wQ Q@ hrDNt |=yx=t QO |O}WQwN V@=D COW C=Q}}eD Q}F-=D Q=Owtv "12 pmW
"pw= uwv=k xOR=@

94



2|
xQ=t

W'
38

�3
|xQ

wO'
�14

01
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt s�qa CUQyi

&(0c) =tO %T
&(kpa) Q=Wi %P

&pw= uwv=k xOR=@ %�I;cycle
&swO uwv=k xOR=@ %�II;cycle

&|tQH |@O % _m

&(kw) =tQo p=kDv= MQv % _Q

&(kw) Q=m MQv % _W

&(kj=kg) xS} w |Br=Dv; %h
&(kj=kg) xS} w |B wQDv; %s

&(kj=kg) |m} R}i |SQRo = % 
&(kw) CNwU |SQRo = MQv % _EF
&(kw) pwYLt |SQRo = MQv % _EP

&(kw) |SQRo = hqD= MQv % _EL
&(kw) |SQRo = ?} QND % _ED

&($) <RH Qy O} QN |=Q@ x}rw= |xv} Ry % _Zk
&x}=tQU CWoR=@ MQv %CRF

&|Q=Oyov ?} Q[ %'
&xv=}r=U OQmQ=m ?} Q[ %N

&OwU MQv %i
&xNQJ O}it Qta %n

&($=Gj) pwYLt OL=w \UwDt |xv} Ry %cP;k
&($=Gj) CNwU OL=w \UwDt |xv} Ry %cF;k

&($=h) |SQRo = ?} QND |xv} Ry % _CD;k
&|O=YDk= |SQRo = ?} Q[ %fk

&QwDmrm xOR=@ %�coll
"(w=m2) O}WQwN xOvm =QB w s}kDUt V@=D ẁtHt %Gtot
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1. organic rankine cycle (ORC)
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