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Abstract 

Project Code: MRG5280202 

Project Title: Techno-Economics Analysis of Solar-Driven Refrigeraton Systems in Thailand 

Investigator: Ms. Wimolsiri Pridasawas, King Mongkut’s University of Technology Thonburi 

Project Period: 16th March 2009 – 15th September 2011 

 

This work aims to study the feasibility of solar thermal-driven air-conditioning systems in 

Thailand. A transient analysis was used for determining the characteristics and effectiveness of 

the solar cooling system by using Transient System Simulation 17 and Engineering Equation 

Solver softwares. The 10-year weather data of Bangkok, Chieang Mai, Ubon Ratchathani, 

Nakhorn Ratchasima and Songkhla were used for the simulation. The results showed that 

almost all cooling systems can meet the demand of air-conditioning application except the solid 

desiccant system. The temperature of the cooled space of solid desiccant system cannot be 

kept below 27°C as designed due to the limited capability of the desiccant material and high 

humidity ratio. The System Thermal Ratios (STR) of the selected provinces are similar. The 

larger system performs a little bit better than the smaller systems. The average STR of the 

absorption, adsorption, chemical reaction, liquid desiccant, ejector and duplex-rankine systems 

are 0.66, 0.48, 0.24, 0.70, 0.34 and 0.58 respectively. A large absorption cooling system with 

evacuated tube solar collector (ETC) has the lowest operating cost, accounted for 2.87 

Baht/kWhth,cooling load (at the ETC price of 15,000 Baht/m2 and electricity price of 3.50 

Baht/kWhe). The ETC price is, however, decreasing due to the continuous development. If the 

ETC price is down to 4,800 Baht/m2, the operating cost for this system will be 1.35 

Baht/kWhth,cooling load. Furthermore, if the government subsidises 0.92 Baht/kWhth,cooling load 

(equivalent to the subsidise of the electricity at 7.23 Baht/kWhe), this system will reach the 

break even point. 

Waste heat from industries can also be applied for solar cooling application. And this should be 

further investigated in order to decrease the electricity consumption together with the 

environmental impact regarding to the electricity production. 

 

Keywords: Solar Cooling; Techno-Economics Analysis 
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2

0 1 2
T T

TTa a a
I I     3 -2  

inlet ambientT T T
     3 -3  

 

a0 = Intercept Efficiency  .  

a  = Negative of the First Order Efficiency Coefficient  1  kJ h-1m-2K-1 

a2 = Negative of the Second Order Efficiency Coefficient  0.0  kJ h-1m-2K-  

FR = Overall Collector Heat Removal Efficiency Factor [-] 

I = Incident Solar Radiationper Unit Area [kJ h-1m-2] 

UL = Overall Thermal Loss Coefficient of the Collector per Unit Area [kJ h-1m-2K-1] 

 = Solar Collector Efficiency [-] 

( ) =  Cover Transmittance  Absorber Absorptance [-] 

 

 

 Evacuated Tube Solar Collector (ETC) 

 TYPE 71   ETC Solar Collector 

 

2

0 1 2
T T

TTa a a
I I    3 -4  

inlet ambientT T T
    3 -5  

 

a0 = Intercept Efficiency  .  

a  = Negative of the First Order Efficiency Coefficient  10 kJ h-1m-2K-1 

a2 = Negative of the Second Order Efficiency Coefficient  0.03 kJ h-1m-2K-  
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 Compound Parabolic Concentrating Solar Collector(CPC) 

 CPC  Hottel-Whillier  Flat Plate  ETC 

 TYPE 74  TRNSYS 

1
( ) ( )

sN
R

u L i a
js

AFQ I U T T
N    3 -6  

 Overall Transmittance-absorbtance  

( ) ( )( ) bT b dT d

T

I I
I     3 -7  

 

, , ,
,

( ) ( )R j T L j i j a
o j i

s c pc

AF I U T T
T T

N m C   3 -8  

 Stagnation   

( )T
p a

L

IT T
U      3 -9  

 

A =  Solar Collector [m2] 

Cpc = Specific Heat of Collector Fluid [kJ kg-1K-1] 

FR = Overall Collector Heat Removal Efficiency Factor [-] 

I = Incident Solar Radiation per Unit Area [kJ h-1m-2] 

mc = Mass Flow Rate of the Collector Fluid [kg h-1] 

NS = Number of Identical Collectors in Series 

Qu = Useful Energy Gain [kJ h-1] 

UL = Overall Thermal Loss Coefficient of the Collector per Unit Area [kJ h-1m-2K-1] 

Ta = Ambient Temperature [K] 

Ti = Inlet Temperature [K] 

To = Outlet Temperature [K] 

Tp = Stagnation Temperature [K] 



 

( ) = 

( )b =

(Klein, B

 

Internal 

4 

 

(m3) 

 

 

=   

Beckman et 

 Therma

Auxiliary H

  

 

 0.

 

 Cover Tra

Beam Radi

al. 2010) 

l Storage Ta

 S

eater 

.02  

 

 

  3 -1  

ansmittance

iation [-] 

 CPC

ank 

tratified Sto

 Solar Co

  

 

V (m3) Ast

0.1 1

0.2 1

0.5 3

1 5
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3 1

4 1
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e  Absor
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llector 

 3 -2

 

 

t (m
2) rst (

1.19 0.2

1.89 0.3

3.49 0.4

5.54 0.5

7.25 0.6

8.79 0.6

1.51 0.7

3.95 0.8

ber Absorpt

k, TYPE 4

 Fu

 1 kJ 

 (kg h-1) 

 

 

(m) hst (m

25 0.50

32 0.63

43 0.86

54 1.08

62 1.24

68 1.37

78 1.57

86 1.72

tance [-] 

4 
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kg-1h-1m-2 

 Solar C

   -  

 

m) 

 

 

 

 

 

 

 

 

 TRNSY

 TRNSYS

Tank 

Collector 

 

YS 17 
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V (m3) Ast (m
2) rst (m) hst (m) 

5 16.18 0.93 1.85 

6 18.28 0.98 1.97 

7 20.25 1.04 2.07 

8 22.14 1.08 2.17 

9 23.95 1.13 2.26 

10 25.69 1.17 2.34 

 

.   

 

    (Ambient 

Temperature)  

     

 (<  kW) ,  ( -  kW)  

,   (>  kW)  

 TRNBUILD  TRNSYS (Klein, 

Beckman et al. 2010)   

TYPE 56 Multi-Zone Building    

        

 MEONORM  TRNSYS  

  

  m3  .  m      

    

    

  .  – .   .  – .  . 
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  3 -2    

    

    

 25 m2 (5 x 5 m) 128 m2 (8 x 16 m) 440 m2 (20 x 22 m) 

  (0.1 m),  (0.1 m),  (0.02 m) 

   U-value 3.028 W m-2 K-1 3.028 W m-2 K-1 3.028 W m-2 K-1 

/     

/  : 15/1 m2 24/1 m2 60/4 m2 

/  : 15/1 m2 48/2 m2 66/5 m2 

/  : 15/0 m2 24/1 m2 60/4 m2 

/  : 15/1 m2 48/2 m2 66/4 m2 

  (0.025 m),  (0.1 m),  

 (0.02 m) 

 U-Value  2.694W m- K-1 2.694W m- K-1 2.694W m- K-1 

 Window ID 1001 from TRNSYS Library 

U-Value  5.68 W m- K-1 5.68 W m- K-1 5.68 W m- K-1 

g-Value 0.855 % 0.855 % 0.855 % 

 90° 90° 90° 

     

: 35.35 m2 128 m2 440 m2 
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  3 -3 -  

 

 

  8.00 – .  .  

6°C  

 (Infiltration Rate) 

     

  -    kW 

   W/m2    (140 W/ )   

W  (Infiltration Rate)  .  h-1   

Natural Convection(Air Change per Hour, ACH) .  h-1 

  

-   -  

icouplingairigainernalinventilatioiiltrationisurfaceiconv QQQQQQ ,_,_int,,inf,,   3 -10   

Radiative Heat Flow   

walllongrwallsolrwallrwr QQQQ
i ,,,,int,,,      3 -11  

 

Qair coupling, i Convective heat flow   (Attic) 

 

kW 

Qconv Convective heat flow  kW 

Qinfiltration, i Infiltration heat flow  kW 

Qinternal gain Internal heat gain  kW 
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Qr, long, wall Long wave radiation  kW 

Qr, sol, wall Solar radiation  kW 

Qr, w Radiative heat flow  kW 

Qr, wall, int Internal radiation  kW 

Qventilation, i Convective heat flow  air ventilation kW 

 

 Steady-state 

    

 EES   (Ejector) 

 (Liquid Desiccant)  (Absorption)   Duplex Rankine 

Cycle  Solid Desiccant  TRNSYS   

 TRNSYS  Psychometric   

Desiccant Wheel   

 (Chemical Reaction Cooling System)  Liquid Desiccant  

 Duenas  Pilatowsky (Duenas, Pilatowsky et al. ) 

 Xie   (Xie, Jiang et al. 2008)   Adsorption 

 Thermal Energy System Specialist (TESS) 

 TRNSYS  4  

 

.   

 

 Solar Collector  Storage Tank 

 

 Auxiliary Heater  

 



 

  

 

COP) 

Ratio, S

  

A 

COPtherm

G 

Qaux 

Qe 

3 -4  

STR) 

 

thermalCOP
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scQ
Q
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g

e
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e
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Q
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Q
Q
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 (W
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 S
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-3   
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Qg  (W) 

Qsc  Solar Collector (W) 

SF   

 (-) 

STR  (-) 

SSTR  (-) 

 

   

 Solar Collector  

  

 Solar Fraction (SF) 

 

 

   

 (Air-Conditioning 

Application) 

  

  

   

   -  

 Duplex-Rankine  Moving Parts  

  

    Rankine Power Cycle 

  

 

  

 Flat Plate Solar Collector  

   Auxiliary Heater 

    

 



 

  3

3.4 

3 -5 

 

 

 Sol

 

 

ar Collec

 

 

ctor 
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 Storage

 

e Tank 
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 Average Utility Cost  

 

LoadCoolingAnnual
HeaterAuxiliaryandPumpsforCostyElectricitCostCollectorSolarInvestmentAnnualizedCost utility

 

 Annualized Utility Cost  1 kWh 

   

Discount Rate 6.7 % (  20  ) 

 Annualized Utility Cost  

 

 Annualized Utility Cost  

 Annualized Utility Cost  

 3.5   kWh 

 Solar Collector 

 

 15  

 Solar Collector  Concentric Parabolic Collector, Evacuated Tube  Flat Plate 

 30,000 15,000  8,000    

 Solar Collector  20% 

 Solar Collector 

 (Discount Rate)  6.7 % 

 20  ( . . 2534 – 2553) (Statinfo ;  ) 

Time Step  .  –   

 (Cooling Load) 

  

, ,

,

th cooling cooling tot
e

comp tot

SP Q
SP

W
   3-15 

SPe   [ /kWhe,equivalent] 

SPth     [ /kWhth,cooling load] 

Qcooling,tot   

Wcomp,tot   Vapour 

Compression  
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4.   

 

     Performance 

 Steady State 

  

(Solar Collector Model)  (Cooling Model) 

 (Cooling Load)   

 Steady-state  Heat Sink  

Heat Source   

  Solar 

Collector  

  Transient System  

 Transient  Time Step  .  –   

 Solar Collector    

 

 

4.1  Solar Collector   

      

  (   

)    

  -   

  

   -    -  

  -  
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  4 -1  1 m2  

  (<  5 kW) 

 

  4 -2  1 m2  

  (5-50 kW) 
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  4 -3  1 m2  

  (>50 kW) 

 

  4 -4     4 -5   
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   Absorption 

 Adsorption  Desiccant Cooling  

Ejector  Duplex-Rankine 

 

 

 (Heat Sink)    

   Steady State 

 

 

Absorption 

 

 LiBr-     3.54 kW 

 (COP)   Evaporator 

(Tevap),  Absorber (Tabs),  Generator (Tgen)  Condenser 

(Tcond)  Solar Collector 

 

 1989 ASHRAE Handbook of Fundamentals  Patek and Klomfar (Patek and 

Klomfar )  EES (Klein 2011) 

  

  4 -7  Evaporator 

 LiBr 

  4 -8   

Evaporator COP 

  -   Evaporator 

  LiBr  Evaporator 

40
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  Evaporator 

 Absorber   

LiBr   LiBr 

   -  

 Evaporator  (COP)   Evaporator  

COP   

  

  4 -9  Absorber

 LiBr 

  4 -10  Absorber 

 (COP) 

   -   Absorber 

  LiBr  Absorber 

  Absorber  LiBr  

 LiBr 

  Absorber  COP   -  

 
 

  4 -11  

Generator

 LiBr 

  4 -12  Generator 

 (COP) 
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  -   Generator 

  LiBr  Generator

  Generator  Generator  

 LiBr   LiBr 

  

Generator  COP    -  

  4 -13  

Condenser

 LiBr 

  4 -14  

Condenser  

(COP) 

 LiBr  Condenser  

 Condenser 

 Generator   LiBr  

 LiBr 

  -    Condenser  COP   

-  

 

 Adsorption 

 Adsorption  

 LiCl-   Adsorbate  

 (COP)   Evaporator (Te),  Absorber 

(Tabs),  Generator (Tg)  Condenser (Tc) 

 TRNSYS TYPE 909 (Klein, Beckman et al. 

2010) 

45
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  4 -15   Adsorption 

 25°C 

 

 

  4 -16   Adsorption 

 30 °C 
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  4 -17   Adsorption 

 35 °C 

 

 

 Chemical Reaction 

 Chemical Reaction  -  

(Bariumchloride-ammonia, BaCl2-NH3)  

  70°C  

  Evaporator  -20°C 

 (Single Stage) 

 Duenas (Duenas, Pilatowsky et al. ) 

 

BaCl2 ,8NH3 BaCl2 + 8NH3  4 -1  

   

BaCl2·8NH3  

 NH3  

277923.5LogP
T    4 -2  

 BaCl2·8NH3  

501729.3LogP
T    4 -3  
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 Solid Desiccant Cooling 

 Desiccant Cooling  Standard Component 

  TRNSYS 17   -  

 (Ventilation System) 

   (Desiccant 

Wheel)  Silica Gel  

   

 Humidifier  

   

Humidifier  Heat Exchanger 

 Regenerate  (Desiccant Material) 

 Desiccant Wheel   

  

  4 -1   Solid Desiccant 

Cooling 

 TYPE  

Rotary Desiccant Dehumidifier 1716b  

 Dehumidifier F1 effectiveness : 0.11 

Dehumidifier F2 effectiveness : 0.75 

Sensible Air to Air Heat 

Recovery  

760   Rotary 

Desiccant Dehumidifier   

 

Fogger (2 ) 507   

 

Heat Exchanger  650  

  Working Media  

Regenerate  Desiccant Wheel  

Effectiveness of heat exchanger : 0.65 

 

 Liquid Desiccant Cooling 

 Liquid Desiccant Cooling 

 Xie (Xie, Jiang et al. 2008)  COP 

  1.3 – 1.8  40-55%  



 

  -

 

 

  

 

-  

  -  C

-  

 

OP 

  -

 Liquid De
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  4 -23 COP 

 Evaporator 15 °C 

  4 -24  COP 

 Condenser 30°C 

 

 

  4 -25  COP  Evaporator 15 °C  

Generator  Condenser  

 

 Duplex-Rankine 

 Duplex-Rankine Refrigeration System      

(Rankine Power Cycle)    

Rankine Power Cycle  Compressor  

 Rankine Power Cycle  

185 °C  (n-Octane)  Working Fluid  Power Cycle  Rankine 
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Refrigeration Cycle   Vapour Compression  R134a 

    (Evaporating Temperature)  15 °C 

  (  Pump  Rankine Power) 

   -   0.038 kg s-1 

 Heat Source  185 - 250 °C   0.04 kg s-1  

Heat Source  251 °C  

 

  4 -26  Rankine Power Cycle  

 

    -  

 0.1, 0.16  0.2 kg s-1  Heat Source  185 – 

200, 201-235 °C  235°C   

 

  4 -27  Rankine Power Cycle  
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    -  

 0.2, 0.3  0.4 kg s-1  Heat Source 

185 - 220 °C, 221 - 270  270 °C   

 

  4 -28  Rankine Power Cycle  

 

 

 COP  Reverse Rankine Cycle  R 134a  Working Fluid  Evaporation 

 Condensation Temperature    -   

 

  4 -29  COP  Reverse Rankine Cycle  R134a  
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4.2  

 

  

         

  Solar Collector 

 Solar Collector  

 Storage Tank  

 Absorption 

   Solar Collector  Evacuated Tube  

 

1.  Storage Tank  Cooling Cycle 

  10 K 

 Storage Tank  Cooling Cycle  1,200 kg/h  

 

 

  4 -30   Solar Collector  

  -    Solar 

Collector  15   m_sc: A = 50 kg/m2h  Solar 
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Collector  280 m2   

Storage Tank   

 

2.  Storage Tank  

 Solar Collector-Storage Tank   

 Storage Tank  0.15  Solar Collector 

 

 

  4 -31   Storage Tank  

 

  

 

 Absorption 

 Absorption  Evaporator  15°C

 Condenser  Ambinet 10 K   Generator 

 Solar Collector  75 °C   

System Thermal Ratio (STR)  0.64  

 0.76 

 

 24%  Absorption   Solar 

Collector  Evacuated Tube   -  
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  4 -2  Absorption   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWh) 

Q_sc 

(kWh) 

Q_g 

(kWh) 

Q_load 

(kWh) 

Q_pump 

(kWh/y) 

COP SF STR 

   8 0.32 240 2,190.28 6,877.84 7,970.59 5,918.69 293.63 0.74 0.76 0.65 

   8 0.32 240 970.88 6,258.20 5,858.30 4,408.54 272.73 0.75 0.87 0.61 

   8 0.32 240 2,183.10 6,027.91 7,052.39 5,186.08 283.91 0.74 0.73 0.63 

   8 0.32 240 2,031.50 6,048.13 6,960.68 5,135.78 284.99 0.74 0.75 0.64 

   8 0.32 240 2,926.87 6,339.11 8,264.73 6,091.37 294.75 0.74 0.68 0.66 

              Average   0.74 0.76 0.64 

 

  System Thermal Ratio (STR)  0.66 

  0.89 

  11% 

 Absorption   Solar Collector  Evacuated 

Tube   -  

 

  4 -3  Absorption   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWh) 

Q_sc 

(kWh) 

Q_g (kWh) Q_load 

(kWh) 

Q_pump 

(kWh/y) 

COP SF STR 

   120 12 3,600 14,282.45 123,280.83 123,582.35 91,307.98 1,950.07 0.74 0.90 0.66 

   120 12 3,600 6,896.60 121,477.76 110,934.09 83,292.65 1,867.33 0.75 0.95 0.65 

   120 12 3,600 18,066.43 115,516.16 118,755.24 86,999.22 1,928.07 0.73 0.86 0.65 

   120 12 3,600 15,235.54 116,579.52 118,330.35 86,968.84 1,922.73 0.73 0.88 0.66 

   120 12 3,600 21,871.28 114,633.91 125,896.05 92,067.36 2,015.80 0.73 0.84 0.67 

              Average   0.74 0.89 0.66 

 

  System Thermal Ratio (STR)  0.67

 0.90 

  10% 

 Absorption   Solar Collector  Evacuated 

Tube   -  
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  4 -4   Absorption   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWh) 

Q_sc 

(kWh) 

Q_g (kWh) Q_load 

(kWh) 

Q_pump 

(kWh/y) 

COP SF STR 

   280 42.00 14,000 34,670.35 334,507.41 340,781.94 249,565.49 7,045.53 0.73 0.91 0.68 

   280 42.00 14,000 18,022.64 330,729.84 313,518.39 232,351.01 6,750.73 0.74 0.95 0.67 

   280 42.00 14,000 44,084.66 317,388.45 331,449.30 239,975.75 7,102.13 0.72 0.88 0.66 

   280 42.00 14,000 37,125.33 316,717.22 329,278.95 240,024.80 7,010.20 0.73 0.90 0.68 

   280 42.00 14,000 51,529.88 313,833.09 345,785.34 250,818.95 7,411.13 0.73 0.86 0.69 

              Average   0.73 0.90 0.67 
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 Adsorption 

 Adsorption  Evaporator  15°C

 Condenser  Ambinet 10 K   Generator 

 Solar Collector  65 °C  Solar 

Collector  ETC  Flat Plate   System Thermal Ratio (STR)  Solar Collector 

  0.47   0.77 

0.45   Adsorption  

  -   75°C  

 Flat Plate Solar Collector  70-75°C  

 Auxiliary Heater   Solar Fraction  

  4 -5  Adsorption   

Evacuated Tube Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   25 0.50 750 400 2,913.88 9,515.01 10,975.65 5,918.69 325.17 0.54 0.77 0.48 

   25 0.50 750 400 1,215.75 8,373.94 7,845.28 4,408.54 299.43 0.56 0.87 0.46 

   25 0.50 750 400 2,836.72 8,196.37 9,614.49 5,186.08 314.37 0.54 0.74 0.47 

   25 0.50 750 400 2,638.98 8,339.24 9,515.38 5,135.78 314.82 0.54 0.76 0.47 

   25 0.50 750 400 3,976.05 8,955.05 11,676.58 6,091.37 328.77 0.52 0.69 0.47 

                Average   0.54 0.77 0.47 

  System Thermal Ratio (STR)  0.48

 0.91 

  9% 

 Adsorption   Solar Collector  Evacuated Tube 

  -  

 

  4 -6   Adsorption   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   180 28.80 7,200 3,400 14,067.26 171,931.02 156,459.10 91,307.98 4,435.03 0.58 0.92 0.49 

   180 28.80 7,200 3,400 5,382.36 169,628.61 139,158.68 83,292.65 4,271.97 0.60 0.97 0.48 

   180 28.80 7,200 3,400 16,082.24 163,221.59 150,721.85 86,968.84 4,407.07 0.58 0.91 0.49 

   180 28.80 7,200 3,400 26,003.91 160,141.38 163,643.80 92,067.36 4,585.70 0.56 0.86 0.49 

   180 28.80 7,200 3,400 20,372.56 162,248.10 152,329.44 86,999.22 4,410.23 0.57 0.89 0.48 

                Average   0.58 0.91 0.48 
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  System Thermal Ratio (STR)  0.50 

 0.91 

  9% 

 Adsorption   Solar Collector  Evacuated Tube 

  -  

 

  4 -7   Adsorption   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   475 95.00 19,000 9,200 37,922.11 455,676.46 430,357.93 249,565.49 11,822.87 0.58 0.92 0.51 

   475 95.00 19,000 9,200 13,956.28 447,796.09 390,238.19 232,351.01 11,472.07 0.60 0.97 0.50 

   475 95.00 19,000 9,200 56,174.40 426,623.30 424,365.61 239,975.75 11,821.47 0.57 0.88 0.50 

   475 95.00 19,000 9,200 43,636.94 433,452.22 419,108.66 240,024.80 11,784.70 0.57 0.91 0.50 

   475 95.00 19,000 9,200 70,245.51 425,143.28 449,308.03 250,818.95 12,218.30 0.56 0.86 0.51 

                Average   0.57 0.91 0.50 
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 Chemical Reaction 

 Chemical Reaction  Evaporator  

15°C  Condenser  Ambinet 10 K   Generator 

 Solar Collector  60 °C  

 System Thermal Ratio (STR)  Evacuated Tube (ETC)  Flat Plate Solar 

Collector  0.29  0.32  

  0.86  0.58   Flat Plate Solar Collector 

 ETC  

  Solar Fraction   

Chemical Reaction    -  

 

  4 -8   Chemical Reaction   

Evacuated Tube Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   15 1.50 375 400 2,793.96 17,326.74 17,611.23 5,918.69 376.90 0.34 0.86 0.29 

   15 1.50 375 400 881.61 15,466.95 13,018.88 4,408.54 346.13 0.34 0.95 0.27 

   15 1.50 375 400 2,761.92 15,219.99 15,400.53 5,186.08 362.60 0.34 0.85 0.29 

   15 1.50 375 400 2,510.53 15,509.75 15,230.52 5,135.78 363.70 0.34 0.86 0.28 

   15 1.50 375 400 3,887.61 16,344.30 18,137.26 6,091.37 384.54 0.34 0.81 0.30 

                Average   0.34 0.86 0.29 

  System Thermal Ratio (STR)  0.31 

  0.91  

Chemical Reaction   Solar Collector  Evacuated Tube 

  -  

 

  4 -9   Chemical Reaction 

  Solar Collector  Evacuated Tube 

Evacuated Tube Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   230 23.00 5,750 3,400 26,238.08 269,867.83 269,867.83 91,334.25 4,389.31 0.34 0.91 0.31 

   230 23.00 5,750 3,400 10,892.48 243,024.02 243,024.02 83,729.31 4,170.19 0.34 0.96 0.33 

   230 23.00 5,750 3,400 33,458.04 255,598.31 255,598.31 87,052.17 4,293.40 0.34 0.88 0.30 

   230 23.00 5,750 3,400 27,565.49 255,414.56 255,414.56 87,186.59 4,297.72 0.34 0.90 0.31 

   230 23.00 5,750 3,400 40,597.50 272,898.79 272,898.79 92,067.36 4,522.39 0.34 0.87 0.29 

                Average   0.34 0.91 0.31 
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  System Thermal Ratio (STR)  0.32 

  0.91 

  10% 

 Chemical Reaction   Solar Collector  

Evacuated Tube   -  

 

  4 -10   Chemical Reaction 

  Solar Collector  Evacuated Tube 

Evacuated Tube Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   625 87.50 15,625 9,200 63,931.83 715,624.37 737,408.68 249,565.49 779,556.21 0.34 0.92 0.32 

   625 87.50 15,625 9,200 25,022.05 710,741.33 674,083.46 232,351.01 735,763.38 0.34 0.97 0.32 

   625 87.50 15,625 9,200 85,396.52 670,050.75 704,264.92 239,975.75 755,447.27 0.34 0.89 0.32 

   625 87.50 15,625 9,200 68,813.45 674,340.67 702,864.75 240,024.80 743,154.12 0.34 0.91 0.32 

   625 87.50 15,625 9,200 102,472.00 672,154.99 743,618.49 250,818.95 774,626.99 0.34 0.87 0.32 

                Average   0.34 0.91 0.32 
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 Liquid Desiccant Cooling 

 Liquid Desiccant  Evaporator  

15°C  Condenser  Ambinet 10 K   Generator 

 Solar Collector  70 °C  Solar 

Collector  ETC  Flat Plate   System Thermal Ratio (STR)  Solar Collector 

  0.66  0.75   

  0.74  0.31    Flat Plate Solar Collector 

 ETC 

   Solar Fraction 

 Liquid Desiccant    -  

 

  4 -11  Liquid Desiccant   

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

Evacuated Tube                         

   6 0.48 180 400 2,454.45 6,629.52 7,770.25 5,918.69 865.70 0.76 0.73 0.65 

   6 0.48 180 400 979.34 5,955.11 5,175.48 4,408.54 644.81 0.85 0.86 0.64 

   6 0.48 180 400 2,072.91 5,559.12 6,208.48 5,186.08 758.54 0.84 0.73 0.68 

   6 0.48 180 400 1,821.24 5,669.33 6,037.36 5,135.78 751.18 0.85 0.76 0.69 

   6 0.48 180 400 3,380.31 6,166.70 8,436.75 6,091.37 890.95 0.72 0.65 0.64 

                Average   0.80 0.74 0.66 

Flat Plate                         

 8 0.15 225 400 5736.62 2429.94 7770.25 5918.69 865.70 0.76 0.30 0.72 

 7.5 0.15 225 400 3339.45 2317.78 5175.48 4408.54 644.81 0.85 0.41 0.78 

 7.5 0.15 225 400 4620.04 2002.57 6208.48 5186.08 758.54 0.84 0.30 0.78 

 7.5 0.15 225 400 4350.32 2112.80 6037.36 5135.78 751.18 0.85 0.33 0.79 

 7.5 0.15 225 400 6932.93 1888.39 8436.75 6091.37 890.95 0.72 0.21 0.69 

                Average   0.80 0.31 0.75 

 

 Solar Collector  ETC  Flat Plate   System 

Thermal Ratio (STR)  Solar Collector   0.68  0.71  

   0.80  0.52  

 Liquid Desiccant   Solar Collector  

Evacuated Tube   -  
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  4 -12  Liquid Desiccant 

  

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

Evacuated 

Tube 

                        

   100 14 2,500 3,400 26,969.30 110,975.95 125,769.35 91,307.98 13,355.14 0.73 0.80 0.66 

   100 14 2,500 3,400 13,642.42 107,517.33 104,480.29 83,292.65 12,182.78 0.80 0.89 0.69 

   100 14 2,500 3,400 28,049.96 95,501.16 109,845.37 86,999.22 12,724.92 0.79 0.77 0.70 

   100 14 2,500 3,400 22,313.64 98,789.79 107,416.63 86,968.84 12,720.48 0.81 0.82 0.72 

   100 14 2,500 3,400 41,838.69 103,956.18 135,466.31 92,067.36 13,466.21 0.68 0.71 0.63 

                Average   0.76 0.80 0.68 

Flat Plate                         

   220.00 11 3300 3400 63165.27 70210.67 125769.35 91307.98 13355.14 0.73 0.53 0.68 

   220.00 11 3300 3400 41486.86 71823.88 104480.29 83292.65 12182.78 0.80 0.63 0.74 

   220.00 11 3300 3400 58937.57 58743.97 109845.37 86999.22 12724.92 0.79 0.50 0.74 

   220.00 11 3300 3400 52880.67 62523.34 107416.63 86968.84 12720.48 0.81 0.54 0.75 

   220.00 11 3300 3400 84908.95 57423.03 135466.31 92067.36 13466.21 0.68 0.40 0.65 

                Average   0.76 0.52 0.71 

 

  4 -13  Liquid Desiccant   

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

Evaucated 

Tube 

                        

   275 38.50 6,875 9,200 67,486.40 299,246.43 342,962.78 249,565.49 36,502.64 0.73 0.82 0.68 

   275 38.50 6,875 9,200 34,059.59 289,171.79 290,729.96 232,351.01 33,984.77 0.80 0.89 0.72 

   275 38.50 6,875 9,200 72,437.80 262,029.93 302,820.70 239,975.75 35,100.00 0.79 0.78 0.72 

   275 38.50 6,875 9,200 56,928.79 267,721.43 296,277.39 240,024.80 35,107.17 0.81 0.82 0.74 

   275 38.50 6,875 9,200 106,037.37 282,766.15 367,709.07 250,818.95 36,685.98 0.68 0.73 0.65 

                Average   0.76 0.81 0.70 

Flat Plate                         

   600 42 9,000 9,200 166,004.96 194,799.44 342,962.78 249,565.49 36,502.64 0.73 0.54 0.69 

   600 42 9,000 9,200 110,778.45 200,712.50 290,729.96 232,351.01 33,984.77 0.80 0.64 0.75 

   600 42 9,000 9,200 157,058.20 164,222.77 302,820.70 239,975.75 35,100.00 0.79 0.51 0.75 

   600 42 9,000 9,200 141,025.28 174,155.41 296,277.39 240,024.80 35,107.17 0.81 0.55 0.76 

   600 42 9,000 9,200 224,729.21 158,984.95 367,709.07 250,818.95 36,685.98 0.68 0.41 0.65 

                Average   0.76 0.53 0.72 
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 Solar Collector  ETC  Flat Plate 

 System Thermal Ratio (STR)  Solar Collector   0.70  0.72 

    0.81  0.53  

 Solid Desiccant   Solar Collector  

Evacuated Tube   -  
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 Solid Desiccant Cooling 

  System Thermal Ratio (STR)  0.36 

  0.41  Solid 

Desiccant   Solar Collector  Evacuated Tube 

  -   

 Solid Desiccant 

  Regenerate  

   Desiccant 

  

Humidifier  27°C  Comfort Zone 

 

     -  

 27°C  688.82  

 19%   

    

 30.32%  

 

  4 -14  Solid Desiccant  

 Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

SF STR T<27°C 

(h) 

T<27°C 

(%) 

   5 0.50 125 400 6,966.87 5,117.05 4,700.41 246.17 0.42 0.39 378.90 10.47% 

   5 0.50 125 400 6,694.15 5,757.07 3,830.87 229.64 0.46 0.31 1,233.30 30.32% 

   5 0.50 125 400 7,356.41 4,927.03 4,205.46 236.15 0.40 0.34 837.70 25.06% 

   5 0.50 125 400 7,430.33 4,982.27 4,247.87 236.53 0.40 0.34 896.00 26.31% 

   5 0.50 125 400 7,477.85 4,439.75 4,853.57 247.44 0.37 0.41 98.20 3.18% 

                Average 0.41 0.36 688.82 19.07 

 

  System Thermal Ratio (STR)  0.42 

  0.35  Solid 

Desiccant   Solar Collector  Evacuated Tube 

   -   

  151 

   5.16% 
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  4 -15   Solid Desiccant  

 Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

SF STR T<27°C 

(h) 

T<27°C 

(%) 

   15 1.50 381 3,400 26,841.07 15,867.06 18,801.27 1,817.91 0.37 0.44 66.00 2.26% 

   15 2.50 381 3,400 30,089.13 18,424.30 18,166.34 1,775.68 0.38 0.37 305.90 10.48% 

   15 3.50 381 3,400 30,455.53 15,487.05 18,473.41 1,799.09 0.34 0.40 175.80 6.02% 

   15 4.50 381 3,400 30,544.17 15,690.85 18,571.68 1,796.76 0.34 0.40 195.20 6.68% 

   15 5.50 381 3,400 27,307.39 13,625.21 18,780.27 1,816.06 0.33 0.46 10.80 0.37% 

                Average 0.35 0.42 150.74 5.16 

 

  System Thermal Ratio (STR)  0.54 

  0.40  Solid 

Desiccant   Solar Collector  Evacuated Tube 

  -    

  136    

4.88%    

 

 

  4 -16   Solid Desiccant  

 Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

m_st 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g (kWhth) Q_load 

(kWhth) 

SF STR T<27°C 

(h) 

T<27°C 

(%) 

   30.5 1.22 762 9,200 58,177.75 41,874.71 56,824.97 4,971.96 0.42 0.57 24.60 0.84% 

   30.5 1.22 762 9,200 61,810.31 48,954.50 55,516.38 4,945.50 0.44 0.50 305.50 10.46% 

   30.5 1.22 762 9,200 64,662.11 40,022.96 56,348.17 4,947.42 0.38 0.54 159.60 5.47% 

   30.5 1.22 762 9,200 64,871.87 41,017.47 56,521.74 4,947.13 0.39 0.53 190.10 6.51% 

   30.5 1.22 762 9,200 62,770.74 36,072.55 56,860.52 4,964.66 0.36 0.58 0.05 0.002% 

                Average 0.40 0.54 135.97 4.66 
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 Ejector 

 Ejector  Evaporator  15°C

 Condenser  Ambinet 10 K   Generator 

 Solar Collector  75 °C   

System Thermal Ratio (STR)  0.61  

 0.73 

 

 27%  Ejector   Solar 

Collector  Evacuated Tube   -  

  4 -17   Ejector   Solar 

Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   40 1.20 1,000 8,546.80 22,718.96 28,367.87 18,737.70 364.83 0.66 0.73 0.60 

   40 1.20 1,000 2,397.64 18,076.04 16,920.63 15,121.93 324.50 0.89 0.88 0.74 

   40 1.20 1,000 9,385.66 20,704.06 29,480.20 16,666.49 352.33 0.57 0.69 0.55 

   40 1.20 1,000 8,683.41 20,270.57 26,792.88 16,720.97 350.17 0.62 0.70 0.58 

   40 1.20 1,000 10,908.09 22,303.64 30,789.15 18,828.46 375.83 0.61 0.67 0.57 

                Average 0.67 0.73 0.61 

 

  System Thermal Ratio (STR)  .  

  0.29 

  0.71 % 

 Ejector   Solar Collector  Evacuated Tube 

  -  

  4 -18   Ejector   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g 

(kWhth) 

Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   500 15.00 15,000 120,161.72 301,514.76 407,750.57 120,376.06 5,537.50 0.30 0.72 0.29 

   500 15.00 15,000 45,696.26 257,586.81 289,235.20 110,761.34 5,142.50 0.38 0.85 0.37 

   500 15.00 15,000 131,825.57 277,624.15 401,127.01 114,701.85 5,420.00 0.29 0.68 0.28 

   500 15.00 15,000 143,477.22 275,945.80 422,398.96 114,520.99 5,387.50 0.27 0.66 0.27 

   500 15.00 15,000 165,730.17 294,349.68 449,374.60 120,444.93 5,667.50 0.27 0.64 0.26 

                Average 0.30 0.71 0.29 
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  System Thermal Ratio (STR)  0.23 

  0.69  

 Ejector   Solar Collector  

Evacuated Tube   -  

  4 -19   Ejector   

Solar Collector  Evacuated Tube 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

Q_g (kWhth) Q_load 

(kWhth) 

Q_pump 

(kWhe/y) 

COP SF STR 

   1,250 37.50 37,500 352,190.08 789,484.66 1,153,398.20 249,565.49 47,029.12 0.22 0.69 0.22 

   1,250 37.50 37,500 140,759.47 691,042.98 821,434.87 232,123.33 36,638.51 0.28 0.83 0.28 

   1,250 37.50 37,500 388,891.80 733,738.37 1,213,789.40 239,975.75 48,310.21 0.20 0.65 0.21 

   1,250 37.50 37,500 354,497.02 747,819.39 1,143,963.39 240,024.80 46,491.88 0.21 0.68 0.22 

   1,250 37.50 37,500 478,317.06 767,516.06 1,261,174.18 250,818.95 50,333.66 0.20 0.62 0.20 

                Average 0.22 0.69 0.23 
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 Duplex-Rankine 

 

 Duplex Rankine  Evaporator  

15°C  Condenser  Ambinet 10 K   Generator  

Rankine Power Cycle  150 °C  Duplex-Rankine 

  

Rankine Power Cycle 

 Compressor   

 

 Solar Collector 

  

 

 

  System Thermal Ratio (STR)  0.15  

 0.80  Duplex-

Rankine   Solar Collector  Concentric Parabolic Collector 

  -  

 

  4 -20   Duplex-Rankine  

 Solar Collector  Concentric Parabolic Collector 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

W_net 

(kWh) 

W_extra 

(kWh) 

Q_load 

(kWhth) 

COPref SF STR 

 180 3.60 72,000 5,723.85 29,413.93 7,224.92 4,258.97 5,918.70 7.45 0.84 0.17 

 180 3.60 72,000 2,246.83 32,951.24 7,911.08 4,331.62 4,415.69 7.31 0.94 0.13 

 180 3.60 72,000 8,047.62 28,312.94 6,999.67 4,203.29 5,187.65 7.34 0.78 0.14 

 180 3.60 72,000 6,252.95 28,959.75 7,047.12 4,163.90 5,137.55 7.44 0.82 0.15 

 180 3.60 72,000 14,966.84 24,256.62 6,505.29 3,806.37 6,087.95 7.56 0.62 0.16 

            Average     7.42 0.80 0.15 

 

  System Thermal Ratio (STR)  0.94 

  0.81  

Duplex-Rankine   Solar Collector  Concentric Parabolic 

Collector   -  
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  4 -21   Duplex-Rankine  

 Solar Collector  Concentric Parabolic Collector 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

W_net 

(kWh) 

W_extra 

(kWh) 

Q_load 

(kWhth) 

SF STR 

 500 15.00 200,000 14,062.21 79,311.01 35,364.24 91,673.25 7.75 0.85 0.98 

 500 15.00 200,000 5,447.02 87,715.90 39,797.74 87,445.65 8.70 0.94 0.94 

 500 15.00 200,000 19,648.23 75,884.16 34,011.92 89,530.63 8.02 0.79 0.94 

 500 15.00 200,000 15,259.97 77,585.38 34,269.76 89,370.86 8.12 0.84 0.96 

 500 15.00 200,000 36,825.58 65,500.10 30,045.10 92,007.99 7.73 0.64 0.90 

            Average   8.06 0.81 0.94 

 

    

System Thermal Ratio (STR)  1.92  

 0.95   

System Thermal Ratio (STR)  0.88  

 1.00  Duplex-Rankine   

Solar Collector  Concentric Parabolic Collector   -  

 

  4 -22   Duplex-Rankine  

 Solar Collector  Concentric Parabolic Collector 

  Area 

(m2) 

V_st 

(m3) 

m_sc 

(kg/h) 

Q_aux 

(kWhe) 

Q_sc 

(kWhth) 

W_net 

(kWh) 

W_extra 

(kWh) 

Q_load 

(kWhth) 

SF STR 

 1,500 30.00 1,050,000 34,227.52 289,119.32 120,985.85 249,968.90 7.73 0.89 0.77 

 1,500 30.00 1,050,000 11,806.31 326,778.90 126,910.94 240,062.10 8.60 0.97 0.71 

 1,500 30.00 1,050,000 57,623.21 277,408.30 117,744.68 244,944.24 7.97 0.83 0.73 

 1,500 30.00 1,050,000 33,690.03 284,480.35 120,301.68 244,510.42 8.06 0.89 0.77 

 1,500 30.00 1,050,000 95,854.80 237,891.86 109,052.38 250,655.47 7.74 0.71 0.75 

            Average   8.02 0.86 0.75 
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    System Thermal Ratio  Solar Fraction  

 

  4-23 System Thermal Ratio, Coefficient of Performance Solar Fraction   

STR 

 CPC-

Small 

CPC-

Medium 

CPC-

Large 

ETC-

Small 

ETC-

Medium 

ETC-

Large 

FP-

Small 

FP-

Medium 

FP-

Large 

Absorption       0.64 0.66 0.67       

Adsorption       0.47 0.48 0.50 0.47     

Chemical Reaction       0.29 0.31 0.32 0.32     

Ejector       0.51 0.29 0.23       

Solid Desiccant       0.36 0.35 0.40       

Liquid Desiccant       0.66 0.68 0.70 0.75 0.71 0.72 

Duplex-Rankine 0.15 0.83 0.75             

COP  

 CPC-

Small 

CPC-

Medium 

CPC-

Large 

ETC-

Small 

ETC-

Medium 

ETC-

Large 

FP-

Small 

FP-

Medium 

FP-

Large 

Absorption       0.74 0.74 0.73       

Adsorption       0.54 0.58 0.57 0.45     

Chemical Reaction       0.34 0.34 0.34 0.34     

Ejector       0.67 0.32 0.22       

Solid Desiccant       0.41 0.35 0.42       

Liquid Desiccant       0.80 0.76 0.76 0.80 0.76 0.76 

Duplex-Rankine 7.42 8.06 8.07             

SF 

 CPC-

Small 

CPC-

Medium 

CPC-

Large 

ETC-

Small 

ETC-

Medium 

ETC-

Large 

FP-

Small 

FP-

Medium 

FP-

Large 

Absorption       0.76 0.89 0.90       

Adsorption       0.77 0.91 0.91 0.45     

Chemical Reaction       0.86 0.91 0.91 0.58     

Ejector       0.73 0.71 0.69       

Solid Desiccant       0.41 0.42 0.54       

Liquid Desiccant       0.74 0.80 0.81 0.31 0.52 0.53 

Duplex-Rankine 0.8 0.94 0.86             
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  (Discount Rate)  6.7%  3.50 

  kWh  Flat Plate Collector 8,000 /m2  Evecuated Tube Collector 15,000 /

m2  Compound Parabolic Concentrating Collector 30,000 /m2   

 3.4  Vapour Compression 

 0.45   1 kWh 

 

 

  4 -24  Vapour Compression  

  Cooling Load Cooling Load 

(kWh) 

W_comp  

(kWh) 

Annual Electricity 

Cost  

(Baht) 

Electricity Cost per 

Cooling Load 

(Baht/kWhload) 

 Small 5,918.84 794.63 2,781.20 0.47 

Medium 
91,748.00 

11,826.08 41,391.28 0.45 

Large 250,173.96 32,329.93 113,154.75 0.45 

 Small 4,415.70 604.47 2,115.65 0.48 

Medium 
87,507.99 

10,054.88 35,192.09 0.40 

Large 240,238.06 27,898.18 97,643.63 0.41 

 Small 5,137.55 690.99 2,418.48 0.47 

Medium 
89,435.77 

11,010.66 38,537.30 0.43 

Large 244,692.68 30,320.72 106,122.53 0.43 

 Small 6,091.36 805.29 2,818.53 0.46 

Medium 
92,092.36 

11,903.33 41,661.65 0.45 

Large 250,883.11 32,397.41 113,390.93 0.45 

 Small 5,187.63 706.53 2,472.87 0.48 

Medium 
89,596.52 

11,164.50 39,075.74 0.44 

Large 245,128.77 30,734.10 107,569.35 0.44 

 

   -     -  

 3.4  Duplex-Rankine 

 Rankine Power Cycle 
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  3.50   kWh  

  -  

 

  4 -25  

 Installation Cost 

(Baht) 

Operating Cost (Baht/y) Annual Present Cost (Baht/y) Cost per Cooling Load 

(Baht/kWh) 

Absorption-Small-ETC         

 144,000 8,693.66 24,205.82 4.09 

 144,000 4,352.63 19,864.80 4.51 

 144,000 8,634.53 24,146.69 4.66 

 144,000 8,107.70 23,619.86 4.60 

 144,000 11,275.65 26,787.81 4.40 

      Average 4.45 

          

Adsorption-Small-ETC         

 450,000 11,336.65 59,812.17 10.11 

 450,000 5,303.14 53,778.65 12.20 

 450,000 11,028.80 59,504.31 11.47 

 450,000 10,338.30 58,813.81 11.45 

 450,000 15,066.87 63,542.38 10.43 

      Average 11.13 

Adsorption-Small-FP         

 240,000 11,336.65 37,190.26 6.28 

 240,000 5,303.14 31,156.75 7.07 

 240,000 11,028.80 36,882.41 7.11 

 240,000 10,338.30 36,191.91 7.05 

 240,000 15,066.87 40,920.47 6.72 

      Average 6.85 

          

Chem.Reaction-Small-

ETC 

        

 270,000 11,098.02 40,183.33 6.79 

 270,000 4,297.11 33,382.42 7.57 

 270,000 10,935.82 40,021.13 7.72 

 270,000 10,059.82 39,145.12 7.62 

 270,000 14,952.54 44,037.85 7.23 

      Average 7.39 
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 Installation Cost 

(Baht) 

Operating Cost (Baht/y) Annual Present Cost (Baht/y) Cost per Cooling Load 

(Baht/kWh) 

Chem.Reaction-Small-FP         

 288,000 28,355.45 59,379.78 10.03 

 288,000 17,013.30 48,037.63 10.90 

 288,000 26,444.66 57,468.99 11.08 

 288,000 24,786.37 55,810.70 10.87 

 288,000 35,406.52 66,430.85 10.91 

      Average 10.76 

          

Ejector-Small-ETC         

 720,000 31,190.72 108,751.54 5.80 

 720,000 9,527.49 87,088.31 5.76 

 720,000 34,082.97 111,643.79 6.70 

 720,000 31,617.53 109,178.35 6.53 

 720,000 39,493.74 117,054.56 6.22 

      Average 6.20 

          

Liq Dessiccant-Small-ETC         

 108,000 9,563.31 21,197.43 3.58 

 108,000 4,319.69 15,953.82 3.62 

 108,000 8,192.58 19,826.70 3.82 

 108,000 7,309.78 18,943.91 3.69 

 108,000 12,811.13 24,445.25 4.01 

      Average 3.75 

Liq Desiccant-Small-FP         

 72,000 21,079.84 28,835.92 4.87 

 72,000 12,629.74 20,385.82 4.62 

 72,000 17,124.00 24,880.09 4.80 

 72,000 16,192.78 23,948.86 4.66 

 72,000 25,243.74 32,999.82 5.42 

      Average 4.87 

          

Solid Desiccant-Small-

ETC 

        

 90,000 25,245.62 34,940.72 7.43 

 90,000 24,233.27 33,928.37 8.86 

 90,000 26,573.98 36,269.08 8.62 

 90,000 26,834.01 36,529.11 8.60 

 90,000 27,038.51 36,733.62 7.57 
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 Installation Cost 

(Baht) 

Operating Cost (Baht/y) Annual Present Cost (Baht/y) Cost per Cooling Load 

(Baht/kWh) 

      Average 8.22 

          

Rankine-Small-CPC         

 7,560,000 56,594.50 870,983.09 147.16 

 7,560,000 52,658.12 867,046.72 196.36 

 7,560,000 60,896.86 875,285.46 168.72 

 7,560,000 58,835.21 873,223.80 169.97 

 7,560,000 87,186.94 901,575.53 148.09 

     166.06 

 

  4 -26  

 Installation Cost (Baht) Operating Cost 

(Baht/y) 

Annual Present Cost 

(Baht/y) 

Cost per Cooling Load 

(Baht/kWh) 

Absorption-Medium-ETC         

 2,160,000 56,813.81 289,496.26 3.17 

 2,160,000 30,673.76 263,356.22 3.16 

 2,160,000 69,980.74 302,663.19 3.48 

 2,160,000 60,053.96 292,736.41 3.37 

 2,160,000 83,604.79 316,287.25 3.44 

      Average 3.32 

          

Adsorption-Medium-ETC         

 3,240,000 64,758.04 413,781.72 4.53 

 3,240,000 33,790.15 382,813.84 4.60 

 3,240,000 71,712.56 420,736.25 4.84 

 3,240,000 107,063.65 456,087.34 4.95 

 3,240,000 86,739.77 435,763.46 5.01 

      Average 4.79 

          

Chem.Reaction-Medium-ETC         

 4,140,000 107,195.85 553,170.56 6.06 

 4,140,000 52,719.34 498,694.05 5.96 

 4,140,000 132,130.04 578,104.74 6.64 

 4,140,000 111,521.21 557,495.91 6.39 

 4,140,000 157,919.63 603,894.34 6.56 

      Average 6.32 
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 Installation Cost (Baht) Operating Cost 

(Baht/y) 

Annual Present Cost 

(Baht/y) 

Cost per Cooling Load 

(Baht/kWh) 

Ejector-Medium-ETC         

 9,000,000 439,947.27 1,409,457.50 11.71 

 9,000,000 177,935.65 1,147,445.88 10.36 

 9,000,000 480,359.48 1,449,869.71 12.64 

 9,000,000 521,026.52 1,490,536.75 13.02 

 9,000,000 599,891.83 1,569,402.07 13.03 

      Average 12.15 

          

Liq Dessiccant-Medium-ETC         

 1,800,000 104,210.18 298,112.23 3.26 

 1,800,000 57,036.29 250,938.34 3.01 

 1,800,000 107,556.09 301,458.13 3.47 

 1,800,000 87,531.17 281,433.21 3.24 

 1,800,000 156,418.94 350,320.98 3.81 

      Average 3.36 

Liq Desiccant-Small-Flat 

Plate 

        

 2,112,000 231,665.88 459,177.62 5.03 

 2,112,000 155,547.98 383,059.71 4.60 

 2,112,000 216,190.27 443,702.01 5.10 

 2,112,000 195,260.91 422,772.65 4.86 

 2,112,000 307,584.90 535,096.64 5.81 

      Average 5.08 

          

Solid Desiccant-Medium-ETC         

 274,447 100,306.46 129,870.81 6.91 

 274,447 111,526.85 141,091.21 7.77 

 274,447 112,891.17 142,455.53 7.71 

 274,447 113,193.27 142,757.63 7.69 

 274,447 101,932.06 131,496.42 7.00 

      Average 7.41 

          

Rankine-Med-CPC         

 21,000,000 143,582.44 2,405,772.99 26.24 

 21,000,000 129,614.90 2,391,805.45 27.35 

 21,000,000 159,071.05 2,421,261.59 27.04 

 21,000,000 149,800.06 2,411,990.61 26.99 

 21,000,000 224,293.57 2,486,484.11 27.02 
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 Installation Cost (Baht) Operating Cost 

(Baht/y) 

Annual Present Cost 

(Baht/y) 

Cost per Cooling Load 

(Baht/kWh) 

     26.93 

 

 

  4 -27  

 Installation Cost 

(Baht) 

Operating Cost (Baht/y) Annual Present Cost 

(Baht/y) 

Cost per Cooling Load 

(Baht/kWh) 

Absorption-Large-ETC         

 5,040,000 146,005.60 688,931.33 2.76 

 5,040,000 86,706.82 629,632.55 2.71 

 5,040,000 179,153.79 722,079.52 3.01 

 5,040,000 154,474.35 697,400.08 2.91 

 5,040,000 206,293.54 749,219.27 2.99 

      Average 2.87 

          

Adsorption-Large-ETC         

 8,550,000 174,107.41 1,112,851.45 4.46 

 8,550,000 88,999.22 1,027,743.26 4.42 

 8,550,000 237,985.53 1,176,729.57 4.90 

 8,550,000 193,975.74 1,132,719.78 4.72 

 8,550,000 288,623.35 1,227,367.39 4.89 

      Average 4.68 

          

Chem.Reaction-Large-ETC         

 11,250,000 265,342.12 1,477,229.91 5.92 

 11,250,000 127,497.39 1,339,385.18 5.76 

 11,250,000 339,525.62 1,551,413.41 6.46 

 11,250,000 281,640.94 1,493,528.74 6.22 

 11,250,000 401,469.65 1,613,357.45 6.43 

      Average 6.16 

          

Ejector-Medium-ETC SC COST Operating Cost (Baht/y) Present Cost per Year 

(Baht/y) 

Cost per Load 

(Baht/kWh) 

 22,500,000 1,397,267.19 3,821,042.78 15.31 

 22,500,000 620,892.95 3,044,668.54 13.12 

 22,500,000 1,530,207.00 3,953,982.59 16.48 

 22,500,000 1,403,461.14 3,827,236.73 15.95 

 22,500,000 1,850,277.52 4,274,053.10 17.04 
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 Installation Cost 

(Baht) 

Operating Cost (Baht/y) Annual Present Cost 

(Baht/y) 

Cost per Cooling Load 

(Baht/kWh) 

      Average 15.58 

          

Liq Dessiccant-Large-ETC         

 4,950,000 262,893.51 796,124.14 3.19 

 4,950,000 144,648.97 677,879.60 2.92 

 4,950,000 279,129.95 812,360.58 3.39 

 4,950,000 224,974.19 758,204.82 3.16 

 4,950,000 398,209.73 931,440.36 3.71 

      Average 3.27 

Liq Desiccant-Large-Flat 

Plate 

        

 5,760,000 609,790.99 1,230,277.54 4.93 

 5,760,000 416,075.96 1,036,562.51 4.46 

 5,760,000 576,799.99 1,197,286.54 4.99 

 5,760,000 521,341.84 1,141,828.39 4.76 

 5,760,000 814,780.78 1,435,267.33 5.72 

      Average 4.97 

          

Solid Desiccant-Large-ETC         

 549,000 198,973.49 258,113.61 4.54 

 549,000 195,376.59 254,516.72 4.58 

 549,000 197,777.20 256,917.32 4.56 

 549,000 198,491.43 257,631.55 4.56 

 549,000 199,011.98 258,152.11 4.54 

      Average 4.56 

          

Rankine-Large-CPC         

 63,000,000 439,972.34 7,226,543.99 28.91 

 63,000,000 375,732.86 7,162,304.50 29.84 

 63,000,000 538,168.13 7,324,739.78 29.90 

 63,000,000 438,622.50 7,225,194.14 29.55 

 63,000,000 620,798.84 7,407,370.49 29.55 

     29.55 
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  -    Absorption  

  .  /kWhth,cooling load   .  /tonrefh  

Duplex-Rankine   

 

  4 -32  

 

  4 -28  

 (Baht/kWhth,cooling load) 

 

 CPC-

Small 

CPC-

Medium 

CPC-

Large 

ETC-

Small 

ETC-

Medium 

ETC-

Large 

FP-

Small 

FP-

Medium 

FP-

Large 

Absorption       4.45 3.32 2.87       

Adsorption       11.13 4.79 4.68 6.85     

Chemical Reaction       7.39 6.32 6.16 10.76     

Ejector       6.20 12.15 15.58       

Liquid Desiccant       3.75 3.36 3.27 4.87 5.08 4.97 

Solid Desiccant       8.22 7.41 4.56       

Duplex-Rankine 166.06 26.93 29.55             

2.87
3.27
3.32
3.36
3.75
4.45
4.68
4.79
4.87
4.97
5.08
6.16
6.20
6.32
6.85
7.39
10.76
11.13
12.15
15.58

26.93
29.55

166.06

0 20 40 60 80 100 120 140 160 180

ABS-ETC-Large
LDES-ETC-Large
ABS-ETC-Med
LDES-ETC-Med
LDES-ETC-Small
ABS-ETC-Small
ADS-ETC-Large
ADS-ETC-Med
LDES-FP-Small
LDES-FP-Large
LDES-FP-Med

CHX-ETC-Large
EJC-ETC-Small
CHX-ETC-Med
ADS-FP-Small

CHX-ETC-Small
CHX-FP-Small
ADS-ETC-Small
EJC-ETC-Med
EJC-ETC-Large
Rank-CPC-Med
Rank-CPC-Large
Rank-CPC-Small

Average Operating Cost (Baht/kWhcooling load)

Sy
st

em
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 (Baht/tonref-h) 

 CPC-

Small 

CPC-

Medium 

CPC-

Large 

ETC-

Small 

ETC-

Medium 

ETC-

Large 

FP-

Small 

FP-

Medium 

FP-

Large 

Absorption       15.65 11.68 10.11       

Adsorption       39.14 16.83 16.45 24.07     

Chemical Reaction       25.97 22.23 21.66 37.82     

Ejector       21.80 42.72 54.77       

Liquid Desiccant       13.17 11.80 11.51 17.14 17.86 17.48 

Solid Desiccant       28.89 26.07 16.02       

Duplex-Rankine 583.87 94.69 103.90             

 

 

  Solar Collector   Solar 

Collector   

 Solar Collector   Solar Collector   

ETC Collector  150 US$/m2 (Iken 2008)  Sun & Wind Energy 

 Solar Thermal Collector   

 2006-2010  136% (Iken ) 

   

Solar Thermal Collector  110 Euro/m2  Solar Collector  

%  (Stryi-Hipp ) 

    

      

  Tyras Dairy   Solar Collector 1,040 m2 

 730 kWth  172,500 Euro (Weiss 2006)  

165.87 Euro//m2  

 Absorption   

  .  /kWhe 

  Solar Collector  

      

Vapour Compression    4-33  

 

 Vapour Compression 

  

  kWhcooling load    4-35 
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   -   Auxiliary Heater 

  

  ETC solar collector 

 4,800 /m2   3.50 /

kWhe   1.35 / kWhcooling load  4.75 /

tonref-h  7.23 /kWhe 

    

 

 

  4-33   Absorption  ETC Solar Collector 
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  4 -34  Absorption 

 ETC Solar Collector  

 

 

  4-35  Absorption  (  4-34) 

 Vapour Compression 
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 Solar Collector   

 Internation Energy Agency  

 Solar Collector  IEA Solar Heating and 

Cooling Task 33/IV Solar Heat for Industrial Processes  Solar 

Collector  Concentrator  150 Euro/m2  

6,300 /m2  Instituto Nacional de Engenharia  National Institute of 

Engineering   CPC collector  150-200 

Euro/m2  (Weiss and Rommel 2005) 

 Duplex-Rankine  

 Rankine Refrigeration Cycle   

 Rankine Power Cycle  

   

 Dupex-Rankine  

 

  -  

 

  

  4 -36   Duplex-Rankine   CPC Solar 

Collector  
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 Solar Collector  6,300 /m2  3.5 /kWhe 

 5.86 /kWhth,load  

  

   -   Solar 

Collector  6,300 /m2  3.5 /kWhe  5.43 /

kWhth,load   28.02 /tonref-h  Vapour 
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  4 -38   Duplex-Rankine  (  4-37) 
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5.  

 

  30 °C  
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(Duplex-Rankine)  (Desiccant)   (Ejector) 

  Transient  1  Transient System 

Simulation 17 (TRNSYS 17)  Engineering Equation Solver (EES) 

 10         
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  (Coefficient of Performance, 
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Vapour Compression    

 Solar Collector   3.5 /kWhe  15  Solar 

Collector  Concentric Parabolic Collector, Evacuated Tube  Flat Plate  30,000 

15,000  8,000     (Discount Rate)  

6.7 %   Absorption 

  Evacuated Tube Solar Collector   2.87 

/kWhth,load  44.98 /tonref-h   Duplex-Rankine 

  Concentric Parabolic Solar Collector  166.06 

/kWhth,load  583.87 /tonref-h  

 

   ETC solar collector  4,800 /m2  

Absorption  1.35 /kWhth,cooling load  

0.92 / kWhth,ooling load (  7.23 /kWhe) 

 

 

 

  Vapour Compression 

   

 Vapour Compression  

 Solar Collector   Solar Collector  
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 .  DECK File  TRNSYS 

 .  EES File  Absorption Refrigeration Cycle 
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.  TRNSYS Code  Solar-Driven Absorption Refrigeration Cycle 

 

VERSION  

******************************************************************************* 

*** TRNSYS input file (deck) generated by TrnsysStudio 

*** on Thursday, October ,  at :  

*** from TrnsysStudio project: D:\RefrigeCycle\Absorption\Refrige Cycle-Small-Absorption.tpf 

***  

*** If you edit this file, use the File/Import TRNSYS Input File function in  

*** TrnsysStudio to update the project.  

***  

*** If you have problems, questions or suggestions please contact your local  

*** TRNSYS distributor or mailto:software@cstb.fr  

***  

******************************************************************************* 

******************************************************************************* 

*** Units  

******************************************************************************* 

******************************************************************************* 

*** Control cards 

******************************************************************************* 

* START, STOP and STEP 

CONSTANTS  

START=  

STOP=  

STEP=  

* User defined CONSTANTS  

constant  

A=  

RATIO= .  

V=RATIO*A 

Flow_st=  

Flow_sc=  

H= . *V^ .  
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P =Flow_sc* .  

P =Flow_st* .  

SIMULATION   START  STOP  STEP ! Start time End time Time step 

TOLERANCES .  .    ! Integration  Convergence 

LIMITS       ! Max iterations Max warnings Trace limit 

DFQ      ! TRNSYS numerical integration solver method 

WIDTH     ! TRNSYS output file width, number of characters 

LIST      ! NOLIST statement 

     ! MAP statement 

SOLVER       ! Solver statement Minimum relaxation factor Maximum relaxation 

factor 

NAN_CHECK     ! Nan DEBUG statement 

OVERWRITE_CHECK    ! Overwrite DEBUG statement 

TIME_REPORT    ! disable time report 

EQSOLVER     ! EQUATION SOLVER statement 

 

* Model "Type - " (Type ) 

*  

UNIT  TYPE   Type -  

*$UNIT_NAME Type -  

*$MODEL .\Weather Data Reading and Processing\Standard Format\TMY \Type - .tmf 

*$POSITION   

*$LAYER Weather - Data Files #  

PARAMETERS  

  !  File Type 

  !  Logical unit 

  !  Tilted Surface Radiation Mode 

.   !  Ground reflectance - no snow 

.   !  Ground reflectance - snow cover 

  !  Number of surfaces 

  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  

  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  
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  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  

  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  

  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  

  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  

  !  Tracking mode-  

  !  Slope of surface-  

  !  Azimuth of surface-  

*** External files 

ASSIGN "C:\Trnsys \Weather\Meteonorm\Asia\TH-Korat-Nakhon-Ratcha- .tm "  

*|? Which file contains the TMY-  weather data? |  

*------------------------------------------------------------------------------ 

* Model "Type " (Type ) 

*  

UNIT  TYPE   Type  

*$UNIT_NAME Type  

*$MODEL .\Loads and Structures\Multi-Zone Building\Type .tmf 

*$POSITION   

*$LAYER Main #  

*$#    

PARAMETERS  

  !  Logical unit for building description file (.bui) 

  !  Star network calculation switch 

.   !  Weighting factor for operative temperature 

INPUTS  

,    ! Type - :Dry bulb temperature -> - TAMB 

,    ! Type - :Percent relative humidity -> - RELHUMAMB 

,    ! Type - :Dry bulb temperature -> - TSKY 
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,    ! Type - :Dry bulb temperature -> - TSGRD 

,    ! Type - :Solar zenith angle -> - AZEN 

,    ! Type - :Solar azimuth angle -> - AAZM 

,    ! Type - :Total tilted surface radiation for surface-  -> - IT_N_ _  

,    ! Type - :Total tilted surface radiation for surface-  -> - IT_S_ _  

,    ! Type - :Total tilted surface radiation for surface-  -> - IT_E_ _  

,    ! Type - :Total tilted surface radiation for surface-  -> - IT_W_ _  

,    ! Type - :Total horizontal radiation -> - IT_H_ _  

,    ! Type - :Total tilted surface radiation for surface-  -> - IT_W_ _  

,    ! Type - :Total tilted surface radiation for surface-  -> - IT_E_ _  

,    ! Type - :Beam radiation for surface-  -> - IB_N_ _  

,    ! Type - :Beam radiation for surface-  -> - IB_S_ _  

,    ! Type - :Beam radiation for surface-  -> - IB_E_ _  

,    ! Type - :Beam radiation for surface-  -> - IB_W_ _  

,    ! Type - :Horizontal beam radiation -> - IB_H_ _  

,    ! Type - :Beam radiation for surface-  -> - IB_W_ _  

,    ! Type - :Beam radiation for surface-  -> - IB_E_ _  

,    ! Type - :Angle of incidence for surface-  -> - AI_N_ _  

,    ! Type - :Angle of incidence for surface-  -> - AI_S_ _  

,    ! Type - :Angle of incidence for surface-  -> - AI_E_ _  

,    ! Type - :Angle of incidence for surface-  -> - AI_W_ _  

,    ! Type - :Angle of incidence for horizontal -> - AI_H_ _  

,    ! Type - :Angle of incidence for surface-  -> - AI_W_ _  

,    ! Type - :Angle of incidence for surface-  -> - AI_E_ _  

,    ! Type - :Ground reflectance -> - GRDREF 

,    ! Type h:Instantaneous value of function over the timestep -> - SCH  

,   ! [unconnected]  - VOLFLOW 

*** INITIAL INPUT VALUES 

                               

*** External files 

ASSIGN "Small Building.b "  

*|? Building description file (*.bui) |  

*------------------------------------------------------------------------------ 
 

* Model "General" (Type ) 
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*  

UNIT  TYPE   General 

*$UNIT_NAME General 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type d.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Nb. of left-axis variables 

  !  Nb. of right-axis variables 

-   !  Left axis minimum 

  !  Left axis maximum 

-   !  Right axis minimum 

  !  Right axis maximum 

  !  Number of plots per simulation 

  !  X-axis gridpoints 

  !  Shut off Online w/o removing 

-   !  Logical unit for output file 

  !  Output file units 

  !  Output file delimiter 

INPUTS  

,    ! Type - :Dry bulb temperature ->Left axis variable-  

,    ! Type : - TAIR_ROOM ->Left axis variable-  

,    ! Storage:Average tank temperature ->Left axis variable-  

,    ! Solar Collector:Outlet temperature ->Left axis variable-  

,    ! Type :Outlet fluid temperature ->Left axis variable-  

,    ! Refrigeration:Output-  ->Left axis variable-  

Load_kW  ! kW Converter:Load_kW ->Right axis variable-  

,   ! [unconnected] Right axis variable-  

*** INITIAL INPUT VALUES 

T_amb T_room T_st T_sc_out T_aux_out T_st_out Q_load Q_gain  

LABELS   

"Temperatures" 

"Heat transfer rates" 

"General" 

*------------------------------------------------------------------------------ 
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* Model "Type h" (Type ) 

*  

UNIT  TYPE   Type h 

*$UNIT_NAME Type h 

*$MODEL .\Utility\Forcing Functions\General\Type h.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Initial value of time 

  !  Initial value of function 

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

*------------------------------------------------------------------------------ 

* EQUATIONS "kW Converter" 

*  

EQUATIONS  

Load_kW = [ , ]*Signal/  

Qaux_kW = [ , ]/  
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Qgain_kW = [ , ]/  

W_pump_kW = ([ , ]+[ , ])/  

Q_aux_gain = Qgain_kW+Qaux_kW 

*$UNIT_NAME kW Converter 

*$LAYER Main 

*$POSITION   

 

*------------------------------------------------------------------------------ 

* Model "Control Signal" (Type ) 

*  

UNIT  TYPE   Control Signal 

*$UNIT_NAME Control Signal 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type d.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Nb. of left-axis variables 

  !  Nb. of right-axis variables 

-   !  Left axis minimum 

  !  Left axis maximum 

.   !  Right axis minimum 

  !  Right axis maximum 

  !  Number of plots per simulation 

  !  X-axis gridpoints 

  !  Shut off Online w/o removing 

-   !  Logical unit for output file 

  !  Output file units 

  !  Output file delimiter 

INPUTS  

Signal  ! Controller:Signal ->Left axis variable-  

,   ! [unconnected] Left axis variable-  

*** INITIAL INPUT VALUES 

Signal SC_Signal  

LABELS   

"Signal" 
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"" 

"Signal" 

*------------------------------------------------------------------------------ 

* EQUATIONS "Controller" 

*  

EQUATIONS  

Signal = ge([ , ], )*[ , ] 

SC_signal = gt([ , ],[ , ]) 

*$UNIT_NAME Controller 

*$LAYER Main 

*$POSITION   

 

*------------------------------------------------------------------------------ 

* Model "Refrigeration" (Type ) 

*  

UNIT  TYPE   Refrigeration 

*$UNIT_NAME Refrigeration 

*$MODEL .\Utility\Calling External Programs\EES\First Input is a Control Signal\Set Outputs to Zero when OFF\Type b.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Input mode 

  !  Output mode 

  !  Allowable wait 

  !  Number of ouputs 

INPUTS  

Signal  ! Controller:Signal ->Control signal 

Load_kW  ! kW Converter:Load_kW ->Input-  

,    ! Type :Outlet fluid temperature ->Input-  

kgps  ! kg/s Converter:kgps ->Input-  

*** INITIAL INPUT VALUES 

     

LABELS   

C:\EES \ees.exe 

D:\RefrigeCycle\Absorption\Absorption_Cycle-TRNSYS- .ees 
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*------------------------------------------------------------------------------ 

* Model "Work & Heat" (Type ) 

*  

UNIT  TYPE   Work & Heat 

*$UNIT_NAME Work & Heat 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type d.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Nb. of left-axis variables 

  !  Nb. of right-axis variables 

.   !  Left axis minimum 

  !  Left axis maximum 

.   !  Right axis minimum 

  !  Right axis maximum 

  !  Number of plots per simulation 

  !  X-axis gridpoints 

  !  Shut off Online w/o removing 

-   !  Logical unit for output file 

  !  Output file units 

  !  Output file delimiter 

INPUTS  

,    ! Refrigeration:Output-  ->Left axis variable-  

,   ! [unconnected] Left axis variable-  

Qaux_kW  ! kW Converter:Qaux_kW ->Right axis variable-  

,   ! [unconnected] Right axis variable-  

*** INITIAL INPUT VALUES 

Q_gen W_turb Q_aux_kW label  

LABELS   

"Work" 

"Heat" 

"WorkandHeat" 

*------------------------------------------------------------------------------ 

* Model "Solar Collector" (Type ) 

*  
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UNIT  TYPE   Solar Collector 

*$UNIT_NAME Solar Collector 

*$MODEL .\Solar Thermal Collectors\Evacuated Tube Collector\Type .tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Number in series 

A  !  Collector area 

.   !  Fluid specific heat 

  !  Efficiency mode 

.   !  Flow rate at test conditions 

.   !  Intercept efficiency 

  !  Negative of first order efficiency coeficient 

.   !  Negative of second order efficiency coeficient 

  !  Logical unit of file containing biaxial IAM data 

  !  Number of longitudinal angles for which IAMs are provided 

  !  Number of transverse angles for which IAMs are provided 

INPUTS  

,    ! Storage:Temperature to heat source ->Inlet temperature 

,    ! Storage:Flowrate to heat source ->Inlet flowrate 

,    ! Type - :Dry bulb temperature ->Ambient temperature 

,    ! Type - :Total tilted surface radiation for surface-  ->Incident radiation 

,    ! Type - :Total diffuse radiation for surface-  ->Incident diffuse radiation 

,    ! Type - :Angle of incidence for surface-  ->Solar incidence angle 

,    ! Type - :Solar zenith angle ->Solar zenith angle 

,    ! Type - :Solar azimuth angle ->Solar azimuth angle 

,    ! Type - :Slope of surface-  ->Collector slope 

,    ! Type - :Azimuth of surface-  ->Collector azimuth 

*** INITIAL INPUT VALUES 

.  .  .  . .  .  .  .   .   

*** External files 

ASSIGN "C:\Trnsys \Examples\Data Files\Type -EvacuatedTubeSolarCollector-IAMData.dat"  

*|? What file contains the D IAM data? |  

*------------------------------------------------------------------------------ 

* Model "Storage" (Type ) 
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*  

UNIT  TYPE   Storage 

*$UNIT_NAME Storage 

*$MODEL .\Thermal Storage\Stratified Storage Tank\Fixed Inlets\Uniform Losses\Type a.tmf 

*$POSITION   

*$LAYER Water Loop #  

PARAMETERS  

  !  Fixed inlet positions 

V  !  Tank volume 

.   !  Fluid specific heat 

.   !  Fluid density 

.   !  Tank loss coefficient 

H  !  Height of node 

  !  Auxiliary heater mode 

  !  Node containing heating element   

  !  Node containing thermostat   

.   !  Set point temperature for element  

.   !  Deadband for heating element  

  !  Maximum heating rate of element   

  !  Node containing heating element  

  !  Node containing thermostat  

.   !  Set point temperature for element  

.   !  Deadband for heating element  

  !  Maximum heating rate of element  

.   !  Not used (Flue UA) 

.   !  Not used (Tflue) 

  !  Boiling point 

INPUTS  

,    ! Type d:Outlet fluid temperature ->Hot-side temperature 

,    ! Type d:Outlet flow rate ->Hot-side flowrate 

,    ! Refrigeration:Output-  ->Cold-side temperature 

,    ! Type :Outlet fluid flow rate ->Cold-side flowrate 

,    ! Type - :Dry bulb temperature ->Environment temperature 

,   ! [unconnected] Control signal for element  

,   ! [unconnected] Control signal for element  
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*** INITIAL INPUT VALUES 

.  .  .  .  .  .  .   

DERIVATIVES  

  !  Initial temperature of node 

*------------------------------------------------------------------------------ 

* Model "Type d" (Type ) 

*  

UNIT  TYPE   Type d 

*$UNIT_NAME Type d 

*$MODEL .\Hydronics\Pumps\Single Speed\Type d.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

Flow_sc  !  Maximum flow rate 

.   !  Fluid specific heat 

P   !  Maximum power 

.   !  Conversion coefficient 

INPUTS  

,    ! Solar Collector:Outlet temperature ->Inlet fluid temperature 

,    ! Solar Collector:Outlet flowrate ->Inlet mass flow rate 

SC_signal  ! Controller:SC_signal ->Control signal 

*** INITIAL INPUT VALUES 

.  .  .   

*------------------------------------------------------------------------------ 
 

* Model "Type d- " (Type ) 

*  

UNIT  TYPE   Type d-  

*$UNIT_NAME Type d-  

*$MODEL .\Hydronics\Pumps\Single Speed\Type d.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

Flow_st  !  Maximum flow rate 

.   !  Fluid specific heat 
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P   !  Maximum power 

.   !  Conversion coefficient 

INPUTS  

,    ! Storage:Temperature to load ->Inlet fluid temperature 

,    ! Storage:Flowrate to load ->Inlet mass flow rate 

Signal  ! Controller:Signal ->Control signal 

*** INITIAL INPUT VALUES 

 .  .   

*------------------------------------------------------------------------------ 

* Model "Type " (Type ) 

*  

UNIT  TYPE   Type  

*$UNIT_NAME Type  

*$MODEL .\HVAC\Auxiliary Heaters\Type .tmf 

*$POSITION   

*$LAYER Water Loop #  

PARAMETERS  

.   !  Maximum heating rate 

.   !  Specific heat of fluid 

.   !  Overall loss coefficient for heater during operation 

.   !  Efficiency of auxiliary heater 

INPUTS  

,    ! Type d- :Outlet fluid temperature ->Inlet fluid temperature 

,    ! Type d- :Outlet flow rate ->Fluid mass flow rate 

Signal  ! Controller:Signal ->Control Function 

,   ! [unconnected] Set point temperature 

,    ! Type - :Dry bulb temperature ->Temperature of surroundings 

*** INITIAL INPUT VALUES 

 .    .   

*------------------------------------------------------------------------------ 

* EQUATIONS "kg/s Converter" 

*  

EQUATIONS  

kgps = ([ , ]+le([ , ], ))/  

*$UNIT_NAME kg/s Converter 
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*$LAYER Main 

*$POSITION   

*------------------------------------------------------------------------------ 

* Model "Accumurator" (Type ) 

*  

UNIT  TYPE   Accumurator 

*$UNIT_NAME Accumurator 

*$MODEL .\Utility\Integrators\Quantity Integrator\Type .tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

STOP  !  Integration period 

  !  Relative or absolute start time 

INPUTS  

Load_kW  ! kW Converter:Load_kW ->Input to be integrated-  

Qaux_kW  ! kW Converter:Qaux_kW ->Input to be integrated-  

,    ! Refrigeration:Output-  ->Input to be integrated-  

Qgain_kW  ! kW Converter:Qgain_kW ->Input to be integrated-  

W_pump_kW  ! kW Converter:W_pump_kW ->Input to be integrated-  

Q_aux_gain  ! kW Converter:Q_aux_gain ->Input to be integrated-  

*** INITIAL INPUT VALUES 

.  .  .  .  .  .   

*------------------------------------------------------------------------------ 
 

* Model "Type d" (Type ) 

*  
 

UNIT  TYPE   Type d 

*$UNIT_NAME Type d 

*$MODEL .\Output\Online Plotter\Online Plotter Without File\Type d.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Nb. of left-axis variables 

  !  Nb. of right-axis variables 
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.   !  Left axis minimum 

  !  Left axis maximum 

.   !  Right axis minimum 

.   !  Right axis maximum 

  !  Number of plots per simulation 

  !  X-axis gridpoints 

  !  Shut off Online w/o removing 

-   !  Logical unit for output file 

  !  Output file units 

  !  Output file delimiter 

INPUTS  

,    ! Accumurator:Result of integration-  ->Left axis variable-  

,    ! Accumurator:Result of integration-  ->Left axis variable-  

,    ! Accumurator:Result of integration-  ->Left axis variable-  

,    ! Accumurator:Result of integration-  ->Left axis variable-  

*** INITIAL INPUT VALUES 

aux gain aux_gain gen  

LABELS   

"Temperatures" 

"Heat transfer rates" 

"Graph " 

*------------------------------------------------------------------------------ 
 

* Model "Type h- " (Type ) 

*  
 

UNIT  TYPE   Type h-  

*$UNIT_NAME Type h-  

*$MODEL .\Utility\Forcing Functions\General\Type h.tmf 

*$POSITION   

*$LAYER Main #  

PARAMETERS  

  !  Initial value of time 

  !  Initial value of function 

  !  Time at point-  
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  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

  !  Time at point-  

  !  Value at point -  

*------------------------------------------------------------------------------ 
 

* Model "New" (Type ) 

*  
 

UNIT  TYPE   New 

*$UNIT_NAME New 

*$MODEL .\Output\Printer\Unformatted\User-Supplied Units\Type b.tmf 

*$POSITION   

*$LAYER Outputs #  

PARAMETERS  

STEP  !  Printing interval 

START  !  Start time 

STOP  !  Stop time 

  !  Logical unit 

  !  Units printing mode 

  !  Relative or absolute start time 

-   !  Overwrite or Append 

-   !  Print header 

  !  Delimiter 

  !  Print labels 

INPUTS  
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,    ! Accumurator:Result of integration-  ->Input to be printed-  

,    ! Accumurator:Result of integration-  ->Input to be printed-  

,    ! Accumurator:Result of integration-  ->Input to be printed-  

,    ! Accumurator:Result of integration-  ->Input to be printed-  

,    ! Accumurator:Result of integration-  ->Input to be printed-  

*** INITIAL INPUT VALUES 

Load Aux Gen Gain Work  

kWh kWh kWh kWh kWh 

*** External files 

ASSIGN "***.outA"  

*|? Output file for printed results |  

*------------------------------------------------------------------------------ 
 

END 

  



122 

 

.  EES Code  Absorption Refrigeration Cycle 

 

 

$Import'CLIPBOARD' Q_load_TRNSYS,T_bi_st_TRNSYS,m_dot_st_TRNSYS 
Q_load=Q_load_TRNSYS 
T_bi_st=T_bi_st_TRNSYS "Inlet hot water temperature" 
m_dot_st=m_dot_st_TRNSYS

Q_load=5[kW] 
m_dot_st=0.2[kg/s] 

"!TRNSYS Integration"
x_bi_st=0 
cp_bi_st=Cp(Water,T=T_bi_st,x=x_bi_st) 
Q_boil=m_dot_st*4.2*(T_bi_st-T_bi_st_out) 
Q_boil=Q_Gen

"Input"
T[2]=40 
T[8]=T_bi_st-10 
T[10]=Tevap 
x[8]=1
epsilon=0.5
x[1]=1
C[1]=0 
x[10]=0
NTU_assume=2 
T[9]=Tamb+10
x[9]=0

"EVAPORATOR IN"

1

2

3

45

6

7

8

9

10

AbsorberPump

Solution Heat Exchanger

Generator

Condenser

Evaporator

Regulating Valve

Expansion 
Valve

P9 = 11.74 [kPa]

P10 = 1.706 [kPa]

T2 = 40

T8 = 85

T7 = 62.5

C2 = 0.5182

C5 = 0.551

T4 = 61.15

T5 = 85

T9 = 49

QAbs = -7.12

QGen = 7.345

QEvap = 5

QCond = -5.266

QHX = 2.904

COP = 0.6807
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P[10]=P_sat(Water,T=T[10])
h[10]=h[9]

"EVAPORATOR OUT & ABSORBER IN"
T[1]=T[10]
P[1]=P[10] 
h[1]=Enthalpy(Water,x=x[1],P=P[1])

"ABSORBER OUT"
P[2]=P[1]
C[2]=X_LIBRH2O(T[2],P[2])
p_i=P_LIBRH2O(T[2],C[2])
h[2]=H_LIBRH2O(T[2],C[2])

"CONDENSOR OUT"
P[9]=P_sat(Water,T=T[9]) 
h[9]=Enthalpy(Water,P=P[9],x=x[9])

"Solution HX Weak IN "
T[3]=T[2]
C[3]=C[2]
P[3]=P[9] 
h[3]=H_LIBRH2O(T[3],C[3])

"GENERATOR IN & Solution HX Weak Out "
T[4]=T[11] 
C[4]=C[3]
P[4]=P[9] 
h[4]=H_LIBRH2O(T[4],C[4])

"GENRATOR Strong  LiBr OUT & Solution HX Strong IN "
T[5]=T[8]
P[5]=P[9]
C[5]=X_LIBRH2O(T[5],P[5])
h[5]=H_LIBRH2O(T[5],C[5])

"Solution HX Strong out"
T[6]=T[12] 
C[6]=C[5]
P[6]=P[9] 
h[6]=H_LIBRH2O(T[6],C[6])

"ABSORBER Strong LiBr IN"
T[7]=T[6] 
C[7]=C[6]
P[7]=P[10] 
h[7]=H_LIBRH2O(T[7],C[7])
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 "GENERATOR H2O OUT & CONDENSOR IN"
P[8]=P[9] 
h[8]=Enthalpy(Water,x=x[8],T=T[8])

"Calculation of Mass flow rate"

"Evaporator"
Q_Evap=Q_load "Cooling Load from TRNSYS"
m[10]=Q_Evap/(h[1]-h[10]) 
m[1]=m[10] "Refrigerant"
m[1]=m[8] 
m[1]=m[9] 
m[1]=m_Refri 

"Absorber"
(m[7]*C[7])+(m[1]*C[1])=(m[2]*C[2]) 
m[2]=m[7]+m[1] 

m[2]=m[3] 
m[2]=m[4] 
m[7]=m[6] 
m[7]=m[5] 
 
"Calculation of Energy"

"GENERATOR"
Q_Gen=(m[5]*h[5])+(m[8]*h[8])-(m[4]*h[4]) 

"Absorber"
Q_Abs=(m[2]*h[2])-((m[1]*h[1])+(m[7]*h[7]))  

"Condenser"
Q_Cond=(m[9]*h[9])-(m[8]*h[8]) 

"Solution HX"

m_s=m[5] 
C_ps=((0.0976*C[5]^2)-(37.512*C[5])+3825.4)/1000 

m_w=m[3] 
C_pw=((0.0976*C[3]^2)-(37.512*C[3])+3825.4)/1000 "kJ/kg K"

C_dot_s=m_s*C_ps 
C_dot_w=m_w*C_pw 
C_dot_min=min(C_dot_s, C_dot_w)
C_dot_max=max(C_dot_s, C_dot_w)

"At Solution HX"
C_dot_f=C_dot_min/C_dot_max 
Q_HX=epsilon*C_dot_min*(T[5]-T[2]) 
T[11]=T[2]+(Q_HX/(C_dot_w)) 
T[12]=T[5]-(Q_HX/(C_dot_s)) 
h[11]=H_LIBRH2O(T[11],C[4])
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h[12]=H_LIBRH2O(T[12],C[6])

"Rating"
LMTD=((T[5]-T[11])-(T[12]-T[2]))/ln((T[5]-T[11])/(T[12]-T[2])) 

{TypeHX$='shell&tube_1'}
T_h_i=T[5]+273 
T_h_o=T[12]+273
t_c_i=T[2]+273
t_c_o=T[11]+273

COP=Q_Evap/Q_Gen 

out1=T_bi_st_out 
out2=Q_Gen 

$Export 'CLIPBOARD' out1, out2

 


