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(Work and heat integration in chemical looping power plant)

a Y ! o

FollaRnid139ulATenNs YN wuedAY  SiaUseialidn 6032908923

'
A a a ¥ 1

YotlaRiniiulasinis weednsgan nea EGUEERRL

Y

1idn 6032909523
Y0912138MUInwlATINT A.aT.wIwal [Wenauysal

mMadvualivalia AngIngrmans naensalunnIngnde Yn1sAnen 2563

lugnamnssunsuan ﬂizﬁ‘m%m‘wmﬂﬁi’fwé’wuﬁaLﬁuﬁaaﬁwﬁ’iyasmmﬂﬂ’jqﬁmmwgﬁa
uardaundon Tnevislusudsiieadestudsyandamid WHud sufifeainnisidsundasea
sulnenisiudanievenedivesnsrualunszuiunis dwaligamgdvesnsrualunszuiuns
Wasuuadly Feazdamalaonssonisiielouanufeu fiielinssuiuniniaussansamgega
Tunn 9 sy FeAeunAensysannsnusazanufeulnsnisiananesluivisiniessneiniealy
suvisfionngadluedetnoirdouanildsuanuiou wiefidoniinisysannisnuagardoutu
ATeilAnvinsrvumamninduuuiaiineaguds dadunszurumamnlvifannsousnfe
arsuaulaeenlasfeanantimmnivgdldlneding nswnlvdidomddunszuiuninaiaeaguis
pondlauananmmzgninslevludatomdniuiginsesndiniuuarisndulaedlaneyuiasetu
sendiauindulavgoanladuazidudmoondiaulunsznituniesujnsalasanies luiaies
UfnsalideunaslanzeanledasrinufAserdudomasidnansaside fensuoulaoenlediu

Tuvagiluasesufnsaioniea langeenlegdfanasazgnasiedulnlaenssuaainiauaz Adusaud

[
av A o

Aeannisasdansesnlasannsainlunanletiuaziuasudunssualniiisell suaseivae
wuudaeaniineaguls nadl () ludinisysannisausasanuiouluszuu waznsdl (i) In1sysan
N139ULaEAMNSaUTUIZUU WU ATEUIUNSHUTLENTAIN 39.93% Lag 69.32% AIUEAIAU WAAS
ThuInsdansndsnudmsunssuiunisiedineagulaienisysannisausazmiuioulaanis
Winesotnawn3sswanildsuaudoutazneundameslutuasiaiosdnoinaimunsaudaluly
SEUUEMIORNUTEANENINTBINTEUIUNTT UaaANITINE 1L InABuDnLaz AR Ldun1sly

AEUIUNTT



Abstract
Title: Work and heat integration in chemical looping power plant
By: Chatdapa Monwiset 6032908923
Chatsuda Kuson 6032909523
Advisor: Prof. Pornpote Piumsomboon
Department of Chemical Technology, Faculty of Science, Chulalongkorn University

Academic Year 2020

In manufacturing industries, energy efficiency is a very important issue in both the
economy and environment. One of variables related to this efficiency is work resulting from
pressure changes by compressing or expanding in process streams. As a result, temperatures
of the process streams are also changed, which directly affects heat transfer processes. In
order to achieve the highest efficiency of a process, the concept of integrating work and heat
was proposed by proper placing turbines or compressors in the heat exchanger network. It is

also known as the integration of work and heat in the process.

This research studies about a chemical looping combustion, which is a combustion
process that could easily separate carbon dioxide from the combustion gas. In the chemical
looping process, oxygen from air is transferred to fuel through oxidation-reduction cycle, with
metal reacted with oxygen to form metal oxides and acted as oxygen carrier between the two
reactors: fuel and air reactors. In the fuel reactor, metal oxide particles, known as oxygen
carrier, react with the fuel, the product are carbon dioxide and water. In the air reactor, the
reduced metal oxide particles are regenerated with an air stream. The heat generated by
oxygen carriers can be used to produce steam and generate electricity. This research presents
energy management for a chemical looping system, case (i) without work and heat integration,
and case (ii) with work and heat integration. Their process efficiencies were 39.63% and 69.32%
respectively. It was shown that the efficiency of chemical looping process could be improved

by performing work and heat integration.
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2.1.4 Humid air turbine cycle (HAT)
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E‘Uﬁ' 2.4 chemical looping combustion ”

Oxidizer: 2M + O, —> 2MO
Reducer: 2MO + C ——> 2MO + CO,

MO +H, —=> MO +H,0O
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2.2 NaUIeTNEIVDY

2.2.1 A comparative simulation study of power generation plants involving chemical looping
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2.2.3 Integrating Compressor into Heat Exchanger Networks Above Ambient Temperature ©
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2.2.4 Work and Heat Integration—A New Field in Process Synthesis and Process Systems
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Mcp

| air reactor| fuel reactor| natural gas| water air|
597.03 131.97 31.84 125.22 495.33
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mole
Stream Ts Tt flowrate Cp Mcp Mcp delta H Ps Pt Pinch temp Cp/Cv
(°Q) (°C) kmoUl/hr KJ/Kmol.K KJ/K.hr KW/K KW atm atm (°O) (k)
HOT air reactor 1425 700 58934.23 36.47 2149316.64 597.03 432848.5 15 1 1.30
fuel reactor 1350 768 9144.14 51.95 475074.78 131.97 76803.76 20 1 1425 1.19
COLD natural gas 25 700 2789.30 41.10 114627.92 31.84 21492.74 1 20 1.36
water 25 406 5550.84 81.21 450793.87 125.22 47709.02 1 15 1400 1.38
air 25 1425 61000.00 29.23  1783201.39 495.33 693467.2 1 15 1.40
51971 3.2 srumgiivesansieunazanoiy
Stream compression Cp/Cv (k-1)/(k* ) Texp,HU Texpand,PI Tambient (°C)
Efficiency (k) (K) (°0) (K) @) (TO+deltaTmin)
air reactor 1 1.30 0.23 915 642 915 642 1450
fuel reactor 1 1.19 0.16 1002 729 1048 775 1375
Stream compression Cp/Cv (k-1)/(k*MN) Tcomp,0 Tcomp,PI Tambient (°C)
Efficiency (k) (K) (°C) (K) (°Q) (TO+deltaTmin)
natural gas 1 1.36 0.26 654 381 3674 3401 50
water 1 1.38 0.27 627 354 3522 3249 50
air 1 1.40 0.29 647 374 3633 3360 50
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5. Amwnaugivdiiarvieenvesasusavany Welimshnswsuanuduieitesld

19 115199 3.2 LpaannaneLfudainsiiuAusuItin1sreunadanufulasazusaneLiu

sanlu 2 aeaudndinvesdninisivaguiuaugausoudngvesasuiazany

wavaneSoulinnsananusuudliinisuenaiveen awldasudeyaveusaraiufiniei 3.3

A3 3.3 gaungiuasanuduvesaneoularaedu InelnsuenaeeenauensaIuves

8n31N15lraRuiuANIANLTEUT N BRI SWAaT Y

Split Ts Tt Mcp Ratio delta H Ps Pt

stream °C) °C) KJ/K.hr Mcp KW atm atm
air reactor_1.1 1425 1425 398 0 20 20
air reactor 1.2 642 700 398 22999 1 1
fuel reactor 1.1 1350 1425 88 6597 15 15
fuel reactor 1.2 729 768 88 3459 1 1
NG 1.1 25 1400 11 14631 1 1
NG 1.2 3401 700 11 28740 20 20
NG 2.1 25 50 21 530 1 1
NG 2.2 381 700 21 6754 20 20
water 1.1 25 1400 a2 57393 1 1
water 1.2 3249 406 a2 118666 15 15
water 2.1 25 50 83 2087 1 1
water 2.2 354 406 83 4312 15 15
air 1.1 25 1400 165 227026 1 1
air 1.2 3360 1425 165 319507 15 15
air 2.1 25 50 330 8256 1 1
air 2.2 374 1425 330 347017 15 15

6. Ulayailaunasne Double scales diagram 8nAaLileaaniinisivdsunuairesninumudi

WnNeesElangui 3.2
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7. anuuthgaugiinAnaLTeululiasd1iwsem 3.4

AN5197 3.4 NTAUIUANUSDULULAALYI

12

No. air reactor fuel reactor NG 1 NG 2 water 1 water_2 air_1 air_2 Total
Q 0 0 434.6 0 0 0 0 0 434.6
Q, 0 0 1,176.6 0 0 0 13,923.84 0 15100.44
Q; 0 0 19,334.4 0 76,133.76 0 228,802.56 0 324270.72
Qq 0 0 265 0 1,043.5 0 0 -9,247.34 -7938.843
Qs 0 -9,897.39115 -795 795 -3,130.5 3,130.5 -9,408 -27,742.023 -47047.42
Q¢ 0 -6,095 6,095 -24,000.5 24,000.5 -712,128 -21,688.89 -284816.89
Q; 0 923.76 0 0 0 0 -878.08 -2,589.26 -2543.58
Qg 0 0 0 0 0 0 -5,393.92 -15,905.43 -21299.35
Q 0 0 -265 -531.03 0 0 -3,136 -9,247.34 -13179.37
Qo -69,255.8 0 -1,299.6 -2,463.97 0 0 -14,551.04 -42,907.67 -130408.04
Qu 0 0 -1,621.8 -3,249.89 0 0 -19,192.32 -56,593.74 -80657.75
Qp 0 0 -265 -531.03 -1,043.50 -2,087.01 -3,136.00 -9,247.34 -16309.88
Qs 0 0 -74.2 0 -292.18 -584.36 -878.08 -2,589.26 -4418.08
Qyq 0 0 -212 0 834.8 -1,669.61 -2,508.80 0 -5225.21
Qs 0 0 -3,222.4 0 0 0 0 0 -51958.12
Qi 0 0 -265 531.03 -1,043.50 -2,087.01 -3,136.004 -9,247.3 -16309.88
Total -342,306.65 = HU

MU masesAInLTeululsas I TeuLN LA Cascade Diagram a1 Pinch point kagmusunaansisadlaa (Utility) fdesleudmietiosn uidmsunseuiunistinuinlifiyn Pinch
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8. aiaserienisanglaunuiou (Work and Heat Exchanger Networks, WHEN)

14
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9. UayaiilavinisesnuuunszuiunsniireagUlalaelinsysannisauiasainuiou lng

Tdmauinaawasiazimasluulunisiasuwlasnnuautas a3 amandguninusoutas

ANUSIUTEMINANSoULALLE Y

674.801
20
51120

F-REACTO

=0
............................................ =
HUMDIF 1115800
1463.730
2 C) Temperature (C)
15
539968
CY-NI 4537728 D Pressure (atm)

Z Mass Flow Rate (kg/hr)

Q Duty (Watt)

W Power(Watt)

@ Deactivate

HCOMBUSI

JUT 3.6 m3genuuuriineagUls

2 "
i = o - ———i ) .
pr T B = s
gron s i
E5TH = -1d
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= & =
: - =5
AE_ "‘ —
Bl L[ =
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JUN 3.7 M308NLULIATENNY Heat exchanger




16

10. AUIUSEANTAINUBINTEUIUNNS (thermal efficiency) waginuUSyuNgUTENINeATE

ANsYIaNNTNUKarANNTauluIEUL WagkuuanANliinIsysns

Work consumption

E‘U‘ﬁ 3.8 N1311 thermal efficiency

AU EANSAINVDINTZUIUNSIASIAUNIT (3-1)

Net Power

Thermal efficiency

X 100% (3-1)

— Lower heating value

Power turbine — Work consumption

= %X 1009
Lower heating value %
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UNA 4 HaN1INAABILALDAUTIYNANIINARSS

*

U7 4.1 wnuamnsdrassnszurumssanliilanisysanmsnusazanufeululsanunsugy
VREGREIGH

LHUNINNTTIaRINsEUIUNSHAR TlaensysannsauiaraufeululssnunsiugUves
asiadl Tagnsysanmsaunazaufoufitadeaanildsunuouszuinsasfounavas 1y
$1uu 12 13es Tasfimsnamesluilifieananuiuna sgaumniilitunszuaiou wazinsnoumaa
wosileiunnufunazguvalilifunssuadu dunszuiunisafinoaquildiniesfnssl 2 ndes
fa in3esufnsalennia uazindosufnsalidewnds lnedviind weendiusenanlavzoonles
(@nfasenledluduaiosjnsaidemds dnlotmiosnnmasgnasludueiosfnsaionna wagd

lalauvintnnuenvasndaasiialunszuiunis annszuiunsuanlidlinasanisen 4.2
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o a b4
nsed 1 liJiJﬂ’]iUuim'Wﬂ’?iﬂ’?ﬂLLﬁ%ﬂ’J?Ni@iﬂUﬁSUU

M3NT 4.1 wananuresnaNmaaresuazmes lutlussuunsalliimsysanmsnuazauiou

Uszin Jogunsal il (Watt)
Compressor W-COM1 5,461,549
Compressor W-COM2 17,269,727
Compressor W-P2 38,533
Compressor A-COM3-WV 180,069,112

Turbine W-TUR-F -75,764,899

Turbine W-TUR-HH -410,724,952

INNANIAERNLNUIINTEUINNSIATiAeagUT liTn1sysINNIsULaE AL ToUTY 1]
ASEENFNULNH191NLAS BIABILNAZLYDSITY 4 A5 89 LN 202,839 Alaihs wardIuISaNas

nseualiinannmeslud 2 1wses Wiy 486,490 Alaind

Net Power

N&@UN1T (3-1)  Thermal efficiency x 100%

" Lower heating value

~ Power turbine — Work consumption
~ Mass Net Heating Value X Mass Flow Rate

X 100%

486,490 — 202,839 kW

i K] kg
50,030 X 51,1202

x 100

283,651 kW

= 710426 kW < 100

=39.93%

d' o o a a b4 Y A 1 v Y
WAUIUIAIUIUNIUTEANTNINAIUTBULAILAWNINUTBEAY 39.93
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n3l 2 fdnsysanmsnuuazaduseulussuy (WHEN)

M13NN 4.2 WARINUTBIARNNAARS KA LUt lusTUUNTITNITYTMNINISULEY AL T oY

Uszin Jogunsal il (Watt)
Compressor W-COM-NG 12,289,838
Compressor W-COMNG2 10,875,901
Compressor W-COMAR1 139,883,132
Compressor W-COMAR2 163,332,862
Compressor W-COMWT1 52,485,268
Compressor W-COMWT2 21,673

Turbine W-TUR-F 744,289,668

Turbine W-TUR-HH 127,109,866

PNWaNITAuUNUIINTEUINNISIATiAeagUTMIMsYsUNNISULaEANTouTY HnS
TFwas1ulnd191nLAS s9AULNAALLDS NS 6 LAS BY LYINAU 378,889 NlaTAs Lava1uISONAN

nszualiinannmeslud 2 wiee windu 871,400 Alains

N&@uN1s (3-1)  Thermal efficiency Net Power

= x 1009
Lower heating value %

_ Power turbine — Work consumption
~ Mass Net Heating Value x Mass Flow Rate

X 100%

_ 871,400 — 378,889 kW

= X
50,030 % X 51,120g
g hr

100

_ 492,511 kW

= 710426 kW < 100

=69.32%

LHIBUNNNANUIUNUSLENT AINAINUS D ULAILAYINAUSBEAY 69.32



M15197 4.3 a5UlsEAnSamYansEUIUNIg

nsal 1

YLANTAINNTZUIUNTT (%) 39.93

69.32

31NM1919 4.3 NUIIMUIINTEUINNSAAeagUTenTaln 1 liinnsysannsaulagaIy
FouilUTEAVEAINYRINTTUIUMTHRENTT NN 2 TN1TYTAINTNURALAIINTBU LTUBININNTA

2 instandsanuliinannesesrsumadas wazaiunsanannsewabninarnmasiud launnnin

AN 1
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unil 5 a7UNaN1TVAGDY uaUBLAUBLUY
5.1 d3Unan1Imaag
TuruAdedifunmsnvnisysaunnsnuezanudedlunssuiunisiedaeaguds ngld
TUSUNIUASPEN PLUS Version11 (Aspen Plus V11) i ulusunsuiilddmsunissiasanssuiunis
maimnssuaidasinssuaunsiafineaqui ovnusransnmndssuauieuvesnsyuiums

Ingnszuiunmsiafineaguisiidunmsndandsnulnihanmswilndivewmnds Tundldufasssuwd
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dnfadudidusendiau Wetieendauliiindjiseiniswalulidudemds teiiady
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\AnINNSaR1seRMngiuaRziinadaUsEavnmvesndenuauseulunszuIunseddlsing
Hovhmanismaassmadsmsduiunuudingleain assuiunsiedaeaguiisiifinisysanmsauuas
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nsel 1 lidinsysannsnulasauseuliussansam wihiu 39.93% wagnsil 2 In15ysannisay

WALAIUSOUTUSLEANTAN WINNU 69.32%
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15197 5.1 Wisuiiisudeyaasisyulnamnuseutazanuiy

el 1 2
Hot Utility (kW) 728,606 342,306
Cold Utility (kw) 794,815 0
Pinch Temperature (°C) 1,412.5 762.5
Thermal efficiency (%) 39.93 69.32

5.2 YaLEUDUL

Sewnfsnsthuuudiass WHEN snudladamlugnannnssy damuindsliaunsauddam
a5 veflmnuaiioussetunsruunsaeudied faiulunsimuluewannisinnisiudam
swoludlsldunnitan éun
1. gungiifiuansnsesaslurasiasuanug Tugnamnssuuiansiu gaavnssuiu sy
2. MBudavioreneresauansuiivanety
3. SamduauRuL UL SEUIUNSMANETUReY
4. MIwABUAnUE YRS
5. UsEAvSnnasevasaeimaaiwaiuazineslull iteliuuuaesaunsatluuitymily
N3TUIUNIITLRoE19TUsEANTAN

Tudruwesismsudtamilunuidediaueisnsnuiiugiuresguvwaaans iiedain
veulavestigmiliuauas nanfe guvmamansifetesiunisiinues msvhauiou nmsi
arundu as1salnanudou uavarsisatlnaeindy fufulunuisenisnianihasiiaue
Fnsfmngaudwiunsdifanududeuniniy tufeasaniudliannsoseyldindumeou
WIaLiu

anvine WHEN masuiulimngdunssuaunandn wu edesufnsal idesionans 1lesann

fiauiealiesndAyiussuunisgAunukarauieu ssuuaissallaanuseu Audy uaz

NAIU
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MAKUIN N Aag1ensAUINIRuUuiinlYlunszuIunns

15197 n.1 Teyagamgiiaedoulasareiiu

Stream compression Cp/Cv  (k-1)/(k*M) Texp,HU Texpand,PI Tambient (°C)
Efficiency (k) (K) (°Q) (K) (°Q) (TO+deltaTmin)
air reactor 1 1.30 0.23 915 642 915 642 1450
fuel reactor 1 1.19 0.16 1002 729 1048 775 1375
Stream compression Cp/Cv (k-1)/(k*M Tcomp,0 Tcomp,PI Tambient (°C)
Efficiency (k) (K) @) (K) (°0) (TO+deltaTmin)
natural gas 1 1.36 0.26 654 381 3674 3401 50
water 1 1.38 0.27 627 354 3522 3249 50

25



M1591 0.2 Toyaaneiou

26

Stream Ts Tt mole Cp Mcp Mcp delta H Ps Pt Pinch Cp/Cv
flowrate
(°O) (°O) kmol/hr KJ/KmolK  KJ/K.hr KW/K KW atm atm (°0) (k)
HOT air reactor 1425 700 58934.23 36.47 2149316.64 597.03  432848.5 15 1 1425 1.30
fuel reactor 1350 768 9144.14 51.95 475074.78 13197  76803.76 20 1 1425 1.19

A79819AUIINUNNNYSE8TBU air reactor

finnum compression efficiency (M) = 1

k-1 _ 130-1

kel]  1.30%1

0.23

Pt ...
TexpHu = (27:/erTS)*(P—S)*-W(k M = (273+1425)%(1/15)°% = 915 K = 915 — 273 = 642 °C

Pt .
Texpanpl - (27:/erTP.)*(P—S)*-W(k M = (273+1425)%(1/15)%% = 915 K = 915 — 273 = 642 °C

Tampient = Ts + deltaT i, = 1425 + 25 = 1450 °C



) <
M1519 0.3 Ysyamugu

27

Stream Ts Tt mole Cp Mcp Mcp delta H Ps Pt Pinch Cp/Cv
flowrate
(°O) (°O) kmol/hr KJ/KmolK  KJ/K.hr KW/K KW atm atm (°0) (k)
COLD natural gas 25 700 2789.30 41.10 114627.92 31.84 21492.74 1 20 1412.5 1.36
water 25 406 5550.84 81.21 450793.87 12522 47709.02 1 15 1425 1.38
air 25 1425 61000.00 29.23 1783201.39 495.33  693467.2 1 15 1400 1.40

Aa9E19AIIMINgAUYRVDNELEU natural gas

fAinnum compression efficiency (M) = 1
k-1 _ 1.36-1

kel]  1.36%1

0.26
Pt ...
Teompo = (273+TS)*(P—S)<k-W<k "V = (273425)%(20/1)%%° = 654 K = 654 — 273 = 381 °C

Pt
Texpan Pl - (27?5+Tp|)*(P—s)<k‘”/<k " = (273+1400)(20/1)°% = 3674 K = 3674 — 273 = 3401 °C
Topiont = To + deltaT o = 25 + 25 = 50 °C



N13AUI latent heat

Latent heat of vaporization = 40.66 kJ/mol

mole flowrate of water steam = 5550.84 kmol/hr
g4M9 Quater = ML

Quater = (5550.84)(40.66) = 225697297 kJ/hr = 62693.69 kW

gn3 Q = mCydeltaT
So, 251t0 50 °c = (50-25)(41.74) = 1043.5 KW
50 to 100 °c = (100-50)(41.74) = 2087KW
100 to 100 °c = Quater = 62693.6936 KW
100 to 354 °c = (354-100)(41.74) = 10601.96 KW

28
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