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Ex3, + Exp9 — Expg Expgen = EXzg — Exzg QGen = Maohyg + Mzzhz, Mag = Mg + M3y Gen
Nex,Gen = : :
Ex24 - ExZS
—EX32 + Ex24 - Exzs _m28h28 mZS = m24
=my, (h24 - hzs)
_ Exs; — Exsg Expconaz = Exsz — Exs3 Qcona 2 = M3z (hsz — h33) Mgz = Mg, Cond 2
Nex,Ccond2 = & o
Ex32 - EX33
+(Ex3g — Exzz) =1iizg(hzy — hsg) Mzg = M3y
_ Ex4o - Ex41 ExD,EuaZ = Ex34 - Ex35 QEvaZ = mMg4(hzs — has) T35 = M3y Eva2
Nex,Eva2 = & o
EX34 - EX35
+(Exqo — EX41) =ritgo(hao — hy1) Mgy = My
Ex36 - Ex37 ExD,Abs = Ex31 + Exss QAbs = Tyehye — Mashss Mgy + M35 = My Abs
Nex,Abs = 4 : :
Exyo — Exz1 — Ex3s
- Ex26 + (Ex36 - E.X'37) _m31h‘31 m36 = m37
=rit37(hay — h3e)
_ Exg — Exy; Expsux = ( Exzo — Ex3p) Qsux = Mze(hag — hyy) My + Myg SHX
NexSHX = 7 . . .
Ex29 — Ex330 = Myg + M3
+(Exzg — Exy7) =tiyg(hae — h3g)
Wsp - ExD,Sp ExD,Sp = Exys — Exy; Wsp = 1ize (hz7 — hae) a7 = Mye Solution
Nex,sp = — W .
sp + Wsp
Pump
Ex3; Expsey = Exzo— Exa Mz1hsy = Maohsg Mgy = Mz TV1
Nex, vl = 7
Ex3g
Ex34 ExD,reftv = Ex33 - Ex34 Mzah3g = Mazhss Mgy = M3z TV?2
Nex,Tv2 = 7
E.X33
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333 AR G355 &jlge &3 4jlg0 Py 4jlgo 32
_ Exo — Exiq ExD,HXl = (Exu - Ex1z) Qux1 = my1(hyg — hp) My = Myq HX1
Nex,Hx1 = m
11 12 . . . . .
—(Exzo - Exlg) = 1hy9(hao — hio) Mpo = Myg
_ Ex;s — Ex14 ExD,HXZ = (Exzo - Ex21) Quxz = Mya(hys — hiy) Mg = Myy HX2
Nex,Hx2 = m
20 21 . . . . .
—(Exls - Ex14) = 1hgo(hao — hz6) Ma1 = Myo
_ Ex23 - Exzz ExD,HX3 = (Exm - Exw) QHX3 = 1M49(h1g — hio) Tiyg = Mg HX3
MexHxs = g — g —
18 19 . . . . .
—(Ex23 - Exzz) = gz (ha3 — hao) Ma3 = My
_ Ex35 - Ex34 ExD,HX6 = (Ex17 - Exm) QHXG = my7(hy7 — hyg) Myg = My HX6
Nex,HX6 = m
17 18 . . . . ;
—(Ex34 - Ex35) = mhgs(h3s — h3s) M35 = M3y
_ Ex33 - Ex32 EXD,HX7 = (Exzs - Ex24) QHX7 = 133 (hs3 — h3p) Mye = Myy HX7
Nex,ux7 = Fro — Exos
26 24 . . . . .
—(Ex33 - Ex32) = 1hge(hag — hze) M33 = M3;
_ Wi EXD,FC = (Ex1z + Ex15) Myahyp + Myshys = Myzhys My, + 1Mys PAF
Nex,Fc = cr. exC:“O + Mmyehyg = 1My3 + My C
4 cn. . . .
- ((Ex13 + Exy6) + Ex,‘é'é)
+Qnrc + Wee
. _ Exy; Expap = (Exi3 + Exy6) — Exyy myzhyz + Myhie = 7i}17h17 myy; = After
ex,AB Ex13 + EX16 + Qloss,a8 a1 B
13 16

Qross,ap = (M, 13 - LHVy,). (1

—Nag)
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Ex; — Exg Expyxs = (Exg — Exo) Quxa = my(hy — h) Ty = Mg HX4
NexHX4 = 7 o
Ex8 - EX9 . . . . .
—(Ex7 - Ex6) = mhg(hg — ho) mg = Mg
Ex, — Ex; Expuxs = (Exo — Ex19) Quxs = my(hy — hy) My =1y HX5
Nex,Hxs = 77—
Exg — Exyo . . . . )
—(Ex; — Ex;) = mg(hg — hyo) Mg = Mg
EX11 + EXg ExD,SR = (Ex7 + E.X'Z) QSR = Ti’lzhz + Th7h7 Thz + m7 Steam
nex,SR == =
Ex; + Ex, - oh -
. ) = Thghg+ m =1hg +m
—(Exy1 + Exg) ghgt my1hqy 8 1 Reformer
_ Ex5 E'xD,B = (EX3 + EX4) mzhs + myhy s = Burner
Nex.s = Ex; + Ex, — Exs =mshs + Qp ) )
ms -+ my
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[55] 5o Soilots ;0 ORC wligars (53,551 5 555! ez dijlge 2 bgayo Lailg, YA Joxr

&35 es3k &35 43lge &3 4jlg0 Py 4ijlgo =321
Wop - ExD,pp ExD,OP = Eng - Ex3o + WOP WOP = 1hzo(h3o — hyo) Ty = M3 ORC
Nex,op = W—
op Pump
_ Exy; — Exsg ExD,Eva 1= Exas + Exsg Qrvar = mzs(hzs - hze) a7 = Mao Eval
Nex,Eva1l = ﬁ
X25 = BX26 . . = 1,7 (ha7 — hao) . .
—Exy6 — Exyy Mps5 = Mpy
WT ExD,Tur = Ex27 - Exzs - WT WTur = my7(ha7 — hags). N1 Myy = Mg Tur
Nex,Tur = 755, o .
Wr + Expr = 1hy7(hyy — hag)
_ Ex3; — Ex3; Expcona1 = Exog + Exsy Qcona 1 = Mag(hag — hyg) Mag = Tag Cond
Nex,cond1 = o o .
Exzg — Exz9 = gy (hsp — haq) 1
—Exz9 — Exs, M3y = M3y
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$3STessk &35 4jlg0 S35l dijlse £2 ijlse sl3=!
Exyy + EXx3g — Exsg  EXpgen = EX3g — Ex3g QGen = M3ohzg + Mazhyy Mgg = Tzg + Ty, Gen
Nex,Gen = : :
Ex34 — Ex3s
—Ex4; + (Exsq — Exzs) —Mgghsg Tigs = Mgy
=mg4(hss — h3s)
_ Ex4o — Exyg EXpconda2 = EXap — EXa3 Qcona z = Maz(haz — haz) Myy = Ty Cond 2
77ex,Cond 2= 5= 4
Ex42 - EX43
+ (Ex4-8 - Ex49) :Th48(h49 - h’48) Myg = Myg
_ Exs; — Exs; ExD,EvaZ = (Ex44 - Ex45) Qrvaz = Mag(Rys — hay) Mys = Mgy Eva 2
Tlex,Eva - 5. 4.
Ex44 - Ex45
+(Exs; — Exsz) =5y (hsy — hsy) Ms1 = Ms2
Ex46 - Ex47 ExD,Abs = Ex41 + Ex45 QAbs = Machse — Myshas Ty + Mys = Mze Abs
Miabs = 3 ; :
Ex36 - Ex41 - EX45
—Ex36 + (Ex46 — EXa7) —Tiy1hyy TMye = My
=tige(ha7 — hae)
_ Exsg — Exs; Expsux = (Exzg — Ex4) Qsux = Mzg(hag — hay) T3y + M3g SHX
Nex,SHX = & o ) )
Ex39 — Ex49 = Mgzg + Myo
+(Ex37 — Exzg) =ti39(h3e — hao)
Wsp - ExD,sp Exn,sz: = MzeWze — Ma7P37 WSP = 1hze(hsy — hse) 37 = M3 SP
Mexsp = i
s + Wep
Ex41 ExD,TVl = Ex40 - Ex41 Myohag = Maqhaq My = My TV1
Nex,rv1 = 3
Ex49
Ex44 ExD,TVZ = Ex43 - Ex44 Myghay = Myzhys Myy = Ty TV2
NexTv2 = 3
Exy3
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Qin = Ty, in- LHVy, (Y-YY)
Wier = Wie + Whetore FVE)
ch = QHeating + QDHW + QCOOling (Y‘_va)
W p—
Nrc = -FC.100 (\” v;)
in
W p—
NeLE = ——=.100 (X-YY)
in
. Y-YA
Qin
Newp = Wnet + QHe.ating + QDHW 100 (\”—V‘\)
Qin
Whet + Qcooi (FoA+)
Ncep = <297 100
in
Wer + C i
Necup = Whee + Qun 4 (*-AY)
Qin
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Heating DHW e
Nex,th = Fx. .100
in
. T, . T :
Wnet + (1 - 0, )QHeating + (1 - —0) QDHW (V_A?)
THeatlng TDHW
Nex,cHP = ; .100
Exl-n
. T .
Wnet + |1 - —0| QCooling (Y‘—/\V)
TEva 2
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Exin
, T . T . T .
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Abstract:

In this thesis, a novel trigeneration system based on a phosphoric acid fuel cell and an Organic
Rankin Cycle is modeled and analyzed from energy and exergy viewpoint. in this thesis two
configurations for trigeneration system proposed to recover wast heat energy of fuel cell. The
system consists of an Hydrogen storage tank, phosphoric acid fuel cell, after burner, Organic
Rankin Cycle, Thermal Energy storage tank, steam reformer, burner and heat excheangers . The
proposed system, using Three heat recovery Systems (ORC-ACH-HX) to meet the Cooling,
Heating and Power needs of a building in order to utilize wast heat from a fuel cell. The
mathmatical models PAFC, ORC and ACH are validated with The results of other articles in This
research, The effect of important PAFC performance Parameters (current density, temperature and
operating pressure) on the performance of the proposed trigenerating system from the perspetcive of
energy and exergy are investigated. The results show that the energy and exergy efficiency of the
fuel cell in the first configuration are 55.52% and 56.42% respectively, and in the second
configuration 51.66% and 49.42% have been calculated respectively. Whereas when three heat
recovery systems (ORC-ACH-HX) to utilize the wast heat from a fuel cell, the energy and exergy
efficiency in the first configuration reach 93.23% and 61.25% respectively and in the second
configuration they reach 88.16% and 54.85% respectively. Also, the study show that as the current
density and temperture of the PAFC increases, the energy and exergy efficiencies of the power
cycle, cooling cogeneration, heating cogeneration and trigeneration both decreases. While
increasing the operating pressure causes the increased energy and exergy efficiency in the
expressed states. In addition, increases the working pressure leads to increases energy efficiency
and exergy efficiency both. the highest exergy destruction in the first configuration is related to
PAFC and AB respectively, while the second configuration the highest exergy destruction is related
to SR,B and PAFC respectively. The highest and lowest exergy efficiencies in the both
configuration are related turbin and domestic hot water heat exchengers respectively.

Keywords: Trigeneration; Exergy; Phosphoric Acid fuel cell; Organic Rankine cycle; Steam
reforming
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