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SIRICAHI DUANGDUEAN : ANALYSIS OF A KALINA CYCLE POWER
PLANT THESIS ADVISOR : ASST. PROF. ATIT KOONSRISUK, Ph.D.,

120 PP.

KALINA CYCLE/ ORGANIC RANKINE CYCLE/ WASTE HEAT RECOVERY/

AMMONIA WATER/ AMBIENT TEMPERATURE

The Kalina cycle power plant has been proposed as a promising mean for waste
heat recovery. This study aimed to investigate the thermodynamic performance of the
Kalina cycle and to improve its performance. First, the mathematical model of the cycle
was develop using MATLAB. The modeling uses the golden-section search to
determine the mass flow rate of the working, ammonia mass fraction in the working
fluid, evaporation pressure, and condensation pressure that provide the highest net
power output for the specified heat source and heat sink conditions. NIST REFROP
was linked with MATLAB to determine the flow properties. Second, validation of the
modeling was conducted by comparing its predictions to existing literature. Third, the
simulations of a Kalina power plant with heat source temperature in the range of 100 —
300 °C were conducted and compared with the performance of a subcritical ORC.
Fourth, a Kalina power plant, that has a capacity of adjusting its condensation pressure
to correspond to the ambient temperature variation across a year, was simulated, so that
a highest net power output is achieved across the year. The results show that, with heat
source temperature in the range of 100 — 200 °C, a Kalina power plant provides 4.6 —
70.0 kW while an ORC power plant provides 4.7 — 61.6 kW. On the other hand, with
heat source temperature in the range of 200 — 300 °C, the Kalina plant provides 77.9 —

170.9 kW while the ORC plant provides 89.0 — 260.0 kW. It was found that the Kalina



plant with a capacity of condensation pressure adjustment provides 4.18 — 6.87 kW
when the heat source temperature is 100 °C. Meanwhile a conventional Kalina plant
provides 4.18 kW constantly across the year. It was also found that the levelized cost
of energy (LCOE) of the plant with the pressure adjustment capacity is 71 Baht/kW.h

while the LCOE of the conventional plant is 85 Baht/kW.h.
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Sliding condensation pressure
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Input: M s, Thtin, Pnf, Tefin, Tctout, Pef,
T] isen,t s T]isen.p ) Tpp,cond, Tpp,evap, Tpp,HT rec,

Tpp,LT rec, Pevap, Ts, T5, X, uaz Muws

v

[ Estimation of Pcong ]47

No

ATpp.cond < O-loC

Yes i

[ Evaluate Eq 3.1 — 3.24 ]

A

End
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[ Evaluate Eq 3.1 -3.24 ]
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End
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CRFxC _+C
LCOE,,, = ok (3.25)
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CRFxC. _ +C
LCOE;, = - oa (3.26)
y,slid
We  LCOE,_, ,LCOE,, o dunumaslumsnaa’lih, UsDiwh
CRF Ao capital recovery factor (NN 0.87
cz. Ao sulszanamsasnuiiesduveslseldh, usp
Coanm Ao imartiunmsuazyoutigalse v, usp
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e Iihnwaalalu 1 lunsaiosnuuuuuuna ldfunadiaunsn 3.28 dmsunsal
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. -\ N
CRF :('1(1_;):,)1 (3.27)
+i) -
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E, o = Wretxhr (3.28)
n . m - 0
Ey g = o Wet,ix g +_Z‘i Wier i< g +k21 Wit kx g (3.29)
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~Aq 9

o o < <
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A luTsalwdihuansdsaumsn 3.31 wag 3.32

Cpec - Ctur 7 Cgen + Ccond + Cpump + Csep D Crec + Cevap (3.31)
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A C A o o
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C A o
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Ceep A9 11U AUN03 111i, USD
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08

Cix = Cox X (Ahx) (3.33)
0.7

Ctur = CO,tur x| Wi (3.34)

0.8
Cpump - CO,pump x| W (3.35)
0.7
wW
_ 6 gen

Cgen =10x10° x —160x103 (3.36)

C,ip =0.66xC (3.37)

Cinsc = le Cpec (3.38)
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Qcond — Mwr (h4 _hl ) (345)
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. . 3| o o A = v
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M wf

V4 = (347)
P4
Vi

Ex, =— (3.48)
Vs
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dmumaeumeusznia s lihaaunu s i Teor i sl Teu 1y
A U U d‘

TumssrasunilounuainIsed 3.6 tazunudinsiaeswed s Tidimduaasaeg i
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13199 3.6 o lvlumssaesnsdinFeumeuse el Indhaaudu s Teess

Parameter Value
gl wraInNUIoUI I (°C) 100 - 300
ga31mMs3 Inaranavesurasnnuiou (kg/s) 1
ANUAUVDIHAIANUFOU (bar) 2
Y
QUUANVBIHAINIANWT DUV (°C) 30
Y
QUNYNVDWHNAINININS D UVIBDN (°C) 40
. . J 4
Isentropic efficiency YBUNDF U (%) 80
[}
Isentropic efficiency U011 (%) 75
1 4
Pinch point temperature euml,mazqﬂﬂi U
4
o Tihsnos 10
ADUIALEDT 10
= 14 4
SAMNOSISINDS 10
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A7 doMie
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Evaluate Eq 3.25 - 3.31 ]

.

v
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Net power (kW)
heat source (°C) | i 3dnnale | quinlodn3dnon | lasianmoison R

9155 Toonsa Toonsa i
100 4.7 5.5 7.96 4.6
110 7.7 9.16 12.27 9.66
120 11.2 12.89 17.38 11.63
130 15.45 17.14 21 19.05
140 22.4 24.27 27.23 24.9
150 25.94 28.18 34.5 29.4
160 31.8 38.22 41.67 37.08
180 46.8 55.01 58.2 57.96
200 61.59 74.34 79.65 70
210 82.65 87.16 89.09 77.87
230 101.56 113.53 113.55 105.8
250 134.9 141.72 138.67 124.5
260 154 157 168 140.2
280 194.69 197 210 150.2
300 231.44 245 266 170.9
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expansion ratio
heat source (°C) Funsaneale | giluloiasanea | lasanmes -

015 % Toon5a soaloonds |
100 1.92 2.09 220 1.3
110 1.82 2.92 270 1.64
120 2.23 2.2 330 1.6
130 2.83 5.05 44.04 1.66
140 5.19 13.65 46.76 176
150 5.47 14.24 46.94 2.05
160 4.75 15.01 1031 2.29
180 6.41 25.9 78.19 3.9
200 6.73 23.77 109.58 4.57
210 21.23 33.7 58.34 4.9
230 13.08 60.58 77.18 5.39
250 30 68.97 67.61 8.1
260 42.48 177 2073 9.13
280 39.36 283 4451 13.15
300 98.43 562 3407 10.6
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ylnlesasanealen1id lasammessealensd uaz Iselvlvhaamn

mass flow rate (kg/s)

heat souree (°C) | 41 3 dnoalo glnlesaid | lasianmoessieale -
15 noalon1sd 015 e
100 1.1 0.8 1.7 0.17
110 1.4 2.2 1.7 0.16
120 1.75 1.3 1.7 0.2
130 2 2.7 3.5 0.3
140 2.4 2.9 3.5 0.35
150 2.5 33 35 0.32
160 0.91 2.5 1.6 0.35
180 1.1 3 0.75 0.37
200 1.2 33 4.5 0.38
210 2.5 3 1.6 0.4
230 2.99 3 1.8 0.54
250 1.625 3.6 4.2 0.54
260 4.1 1.7 1.9 0.57
280 5.2 2 2.4 0.6
300 2 2.1 2.6 0.62
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heat source (°C)

condensation pressure (MPa)

Funsaneale | wiluleinianea | lasanmesiea R
915% Too15% To015% e
100 0.902 2.27 0.018 1.7
110 0.902 1.52 0.018 1.64
120 0.627 2.2 0.018 1.65
130 0.624 1.411 0.202 1.9
140 0.622 0.638 0.201 1.9
150 0.185 0.105 0.195 1.75
160 0.672 0.578 0.158 1.7
180 0.338 0.45 0.158 1.55
200 0.195 0.436 0.109 1.35
210 0.197 0.333 0.2 1.3
230 0.23 0.23 0.15 1.18
250 0.14826 0.18 0.18 1.12
260 0.101 0.065 0.006 1.07
280 0.10159 0.048 0.003 0.96
300 0.01621 0.033 0.0045 0.91




101

] @ @ aa J
M15199 0.5 deyanamsfTeuisunnuaulumsszmeveslseldihdunsanoaloo15d
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evaporation pressure (MPa)
heat source (°C) |~ 1 105 Ga0aTe ylnlefasanea | laslanmeisen R
913 % Toonid Tooni A
100 1.47 4.2 0.078 2.3
110 2.18 3.35 0.11 2.85
120 2.12 6.3 0.137 2.8
130 1.669 4,732 1.154 33
140 2.203 4.016 1.383 3.51
150 0.841 3.543 1.597 3.8
160 2.486 4.12 1.475 42
180 1.734 5.548 2.085 6.5
200 1.169 5.495 2.071 6.6
210 2.685 5.77 32 6.8
230 2.349 7.188 3.15 6.82
250 2.795 5.899 3.87 9.4
260 2.84 3.76 1.014 10
280 2.724 5.238 0.995 12.3
300 1.27963 10.8 1.476 10
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A Y =\ 4 [ aa =
A1TNN N.6 "’UE)?J“ﬁWﬁﬂﬁllﬁ'ﬂ‘umEJ‘UGUU1WUEN?]’E]umul%’ﬂi%6@15@1Wﬁ1%ﬂﬂ3ﬂﬂ@ﬁiﬂ@ﬁ%

ylnlesasanealen1id lasammessealensd uaz Iselvlvhaamn

heat source

condenser area (mz)

0) Funianeale | ainlefaiAnea | lasanmessea R
915% To015% To015% i
100 11.19 12.44 15.29 18.53
110 14.33 15.26 18.98 18.89
120 17.72 17.91 22.60 23.20
130 21.38 24.74 26.03 20.43
140 25.66 27.88 30.00 20.68
150 29.71 34.07 34.96 26.82
160 29.46 35.24 37.05 30.06
180 36.77 43.71 42.57 4143
200 45.19 52.00 52.54 40.08
210 51.48 55.96 55.36 37.00
230 59.99 61.01 62.52 46.55
250 63.96 68.74 74.02 44.50
260 70.41 69.64 77.88 45.09
280 89.21 87.07 87.59 44.35
300 89.87 92.73 104.39 46.21
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M99 0.7 doyanamsnfFouiivuvinavesdual lhanesveslselWihduasanealon1s s

ylnlesasanealen1id lasammessealensd uaz Iselvlvhaamn

evaporator area (m’)
heat source

0) o . | alulesasAnea | lasianmeison R

FUATANDA 19913 ) ) Mau

Too15% Too15%

100 169.65 263.80 406.45 274.58
110 213.78 304.91 509.62 223.20
120 270.23 316.45 609.80 268.09
130 312.14 560.48 690.10 223.00
140 469.82 631.99 780.78 237.00
150 453.95 803.75 878.59 253.02
160 416.45 842.02 956.68 281.06
180 520.86 1047.71 1066.65 286.98
200 584.31 1155.77 1339.62 397.00
210 887.66 1289.67 1241.26 400.40
230 1263.22 1524.18 1403.83 423.65
250 1061.21 1618.49 1190.93 425.59
260 1399.92 1798.72 1898.99 387.38
280 1899.27 2013.65 2181.26 421.99
300 2175.74 2300.68 2506.60 542.92
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Sliding Opt
power pump (kW) 0.47 0.34
power turbine (kW) 7.34 4.50
Net power (kW) 6.87 4.16
A evap (m’) 161.96 161.96
A HT rec (m’) 0.86 0.86
ALT rec (m’) 1.16 0.47
A cond (m”) 14.73 13.85
Ct (USD) 17780.06 12623.93
Cp (USD) 610.12 469.16
Cevap (USD) 34428.15 34428.15
Cht (USD) 521.41 521.41
Clt (USD) 663.74 318.89
Ccond (USD) 5056.77 4813.09
Cgen (USD) 8771.51 6175.90
Ceq (USD) 67831.75 59350.53
Cpip (USD) 44768.96 39171.35
Cinsc (USD) 6783.18 5935.05
Cel (USD) 6783.18 5935.05
Cinst (USD) 30524.29 26707.74
Cmis (USD) 88859.60 77749.20
Cinv (USD) 156691.35 137099.73
capital factor 0.875 0.875
hr_conv_total 3240 3240
hr_conv_capital factor 2835 2835
Co&m (USD) 14175 14175
Ey 11802.11 15285.77
LCOE (USD/kW.h) 2.84 2.37
LCOE (Baht/kW.h) 85.08 71.10
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PERFORMANCE INVESTIGATION OF AN ORC POWERPLANT OF A HEAT SOURCE
TEMPERATURE OF 160 — 200°C
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aaim3eaansraeioams atduiliinisdnuTsaluih oRC luns¥inauiuy subcritical iy supercritical nold
FnImianssumans anniiaauipu 160°C, 180°C uaz200°C Tmm'hn'mhaau'zuuLﬁamﬁﬁ:ﬂ”«‘lﬂﬂ']gaqmﬁ
uwiingamnaluladgsmnd nanld Jovzvihmsnageuansrioulasdmivlsslwi ORC fivhimuuy subcritical azld
ehuaqmﬁ' dunaiiias a1971197% 5 8197197 Aa R11, R123, R141b, R245fa, LazR1234ze aaunsmblsslvsin
FINIAUATTITHNA 30000 ORGC V9 TWILY supercritical NAFaY 5 @179 fa R227ea, R236ea, ipentane, R245fa,
E-mail: kangduangdean@gmail.com warR1234ze 9narnnisinaaslasliia orRC uaasldiindt lunsdinisrauvas
Tel; 092-452-9699 subcritical s limas IS anmgsgafo Ao R24sfa Tnowaaldiviniy 41.4 kw
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sasszuumshwiamansandamhdsldgesals Tanmsulfousassanuduuazdas
M7 IaBasITiNaTH

@rdan : unaInasauiy, subcritical ORC, supercritical ORC, off-design

Abstract

The ORC (Organic Rankine cycle) powerplant is one of the important technologies
for waste heat utilization. It has been commonly accepted as a viable technology to convert
waste heat into electricity. This paper investigates a subcritical and supercritical ORC power
plant with the heat source temperature at 160°C, 180°C, and 200°C. The simulations were
conducted using various working fluids to determine the one that provides a maximum net
work output. R11, R123, R141b, R245fa, and R1234ze were selected as the working fluid
for the subcritical power plant, and R227ea, R236ea, ipentane, R245fa, and R1234ze were
selected for the supercritical power plant. The results show that the subcritical ORC plant
with R245fa as the working fluid provide the maximum net work of 41.4 kW when the heat
source temperature is 200°C.The off-design operation of this plant configuration was
conducted and found that the net work can maintain by proper adjustment of the pressures
and flow rate of the working fluid.

Keywords: Waste heat recovery, subcritical ORC, supercritical ORC, off-design




117

malminmaieiethoniinuuinisingln e 15 ENERGY
ECE-0014 22-24 WOBNAY 2562 PWWIAUATIITANT  STHAILAND

nmadnsaasInuzzaslalnileariduuutuaiaas, lsslddlaariBuuugiiulasaitaa uaz
Tw‘lﬂﬂ'\usaau‘lmamwu’lmu.a'nma%’aﬁ’m%’ul,mzioﬁ'nu%'auﬁqm‘wgﬁ 160 — 200 @91
TR IE
Performance investigation of a subcritical ORC, supercritical ORC, and trilateral Rankine cycle

power plant for a heat source temperature of 160 — 200°C
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Abstract

The ORC (Organic Rankine cycle) powerplant is one of the important technologies for waste heat utilization.
It has been commonly accepted as a viable technology to convert waste heat into electricity. This paper investigates
a subcritical ORC, supercritical ORC, and trilateral Rankine cycle (TLC) power plant with the heat source
temperature at 160°C, 180°C, and 200°C. The simulations were conducted using various working fluids to determine
the one that provides a maximum net work output. The number of working fluids used in the simulations for the
subcritical power plant, supercritical power plant, and TLC are 14, 12, and 14, respectively. The results show that the
subcritical ORC plant with isopentane as the working fluid provide the maximum net work of 62.6 kW when the heat
source temperature is 200°C. Also, the supercritical ORC plant with R236ea as the working fluid provides the
maximum net work of 74.3 kW when the heat source temperature is 200°C. In addition, the TLC plant with R113 as
the working fluid provides the maximum net work of 79.66 kW when the heat source temperature is 200°C.
Furthermore, the off-design performances of those plant were investigated and found that the heat exchanger size
can be maintained by a proper adjustment of the pressures of the working fluid.

Keywords: Waste heat recovery, subcritical ORC, supercritical ORC, frilateral Rankine cycle, off-design.
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Abstract. The ORC (Organic Rankinc cycle) power plant is belicved to be one of the most
promising tcchnologics for waste heat recovery. A method of thermodynamic optimization was
conducted to design a subcritical ORC, supercritical ORC, and trilateral Rankine cycle (TLC)
power plant in this study. The hcat source inlet temperaturcs of 160°C, 180°C, and 200°C and
the heat sink temperature of 30°C were investigated. Various working fluids were examined to
determine the onc that provides a maximum net power output. The number of working fluids
studied in the simulations for the subcritical power plant, supercritical power plant, and TLC are
14, 12, and 14, respectively. The results show that the subcritical ORC power plant with
isopentane as the working fluid provides the maximum net power of 62.6 kW when the heat
source temperature is 200°C. It was found that the appropriatc working fluids, that provide the
maximum net power output, have their critical temperature 10°C - 20°C colder than the heat
source temperature tested for the subceritical ORC power plant. Furthermore, the supercritical
ORC plant with R236ea as the working fluid provides the maximum net power of 74.3 kW when
the heat source temperature is 200°C. Moreover, the TLC plant with R113 as the working fluid
provides the maximum net power of 79.66 kW when the heat source temperature is 200°C.
Additionally, the off-design performances of those plants were investigated and found that the
nct power output can be-maintained by a proper adjustment of the evaporation and condensation
pressures of the working fluids.

Keywords: Wastc heat recovery, subcritical ORC, supercritical ORC, trilateral
Rankine cycle, off-design.

1. Introduction
The global fossil fuel consumption has increased over the years. This contributes to various serious
environmental problems, such as global warming and resource depletion. As a result, it is necessary to
identify alternative sources of energy that can mitigate harmful effects to the environment |1]|. The
renewable energy has potential to relax the environmental pollution and reduce fossil fuel consumption.
There arc various forms of renewable encrgy such as wind, sca waves, and waste heat.

Organic Rankine Cycle (ORC) power plants have been investigated numerically and
experimentally over the last two decades [2]. It was found that the ORC power plant is one of the
promising technologies for waste heat utilization |3].
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Abstract

Thermal energy is renewable energy, it is using generated electricity. Thermal
energy has many types such as waste heat from industry, geothermal. ORC and kalina
power plant, they have a viable technology to convert waste heat into electricity. This paper
investigates an ORC power plant and kalina power plant with the heat source temperature
at 100 — 300°C. The condition for simulation were provides a maximum net power output.
When ORC power plant using organic fluid is working fluid and kalina power plant using
ammonia — water is working. The results show that, Kalina power plant generate more than
ORC power plant about 22.5% at heat source temperature about 150°C, when kalina power
plant generate about 31 kW but ORC power plant generated about 22 kW. However, when
heat source temperature about 250°C, ORC power plant generated more than kalina power
plant about 19.17 %, when ORC power plant generated about 134 kW but kalina power
plant generated about 109 kW. In addition, turbine size of kalina power plant less than ORC
power plant about 64%

Keywords: Waste heat recovery, Organic Rankine cycle, Kalina cycle
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