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Exergy Calculation with SEPE

Developed at the KTH in Sweden - Marco Molinari, Gudni Johannesson, Petra Benz-Karlstrom

Exergy inflow Exergy outflc}}

System boundary
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Exergy Calculation with SEPE

Simple cut and paste input system in Excel

Chiller with cvaporative touer + Floor <ooling

Adiabaticraturator
INpar
Frorrure [Fa)

Envprorrure 100000
Envtemp 303
Medium Air

Marr Flou [kqtr] 5

OUTpar
Frosrure [Fa)

Inpar
Frosrure [Fa)

Envprosrure 100000
Envtemp 200
Meodium Air

lfemperature [ arr Flou [kats] 5

Exerqy [JIkq]Water Flou[Ir]

Qutpar
100000.0 Frosrure [Fa)

270

200.0 lfemperature [

15.1 Exerqy [Jikq)
0.0 Exph[JPkq]

15.1 Exth[J?kq)

100200.0
270 270
emperature [K 300.0 300.0
Exorqy [JPkq] 204 5.0
Exph[Jkq) 5.0 5.0 Exph
Exth[Jkq) 15.1 0 Exth
Exerqytot[W] 100.4 40 RH
17.2 Tadrat[C]

100100
18.2
emperature [K 291.2
Exerqy [JPkq] 135.0
turator officier 9 Exph z
Tdrop 3.3 Exth 132
FProsrure drop 100 FH
Tadrar[C]

100200.0

femperature [ emperature [C femperature [ emperature [C

Ele<tricpoucr
Frire[Fa)
Exphrire
18.2

E:o'a‘ 3

100100.0

" 12.2
291.2
135.0

25

132.5
135.0
£74.9

Counter-flou
INpar
Frosrure [Fa)
Temperature [C)
Temperature [K]
Exerqy [JPkq)
Exph[JPkq]
Exth[J?kq)
Exerqy [Jikq)
Exerqytat[W]

Heatexchanger
Envprorrure
Envtemp
Meodium
Marr Flou [katr])
HeatFlou [W]
HH off
DeltaT
Exerqy drop

Cp

100000

AirtoWater
OUT par

) Frosrure [Fa)

emperature [C

emperature [K
Exerqy [JPkq)
Exph[JPkq)
Exth[Jikq)
Exerqy [Jikq)
Exerqytot[W]

0.339
10
14839

100000.0
3%1

FromFloor
Cooling
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3111
324
0.0
324
3324
2954.9

100000.0
32.9
305.0
17e.2

0.0
17e.2
i7e.2
611.2

K13 Crmin

Cratio
Areal[mz)

Cmax

Efficiency

0.10

N G R—

INpar
Frosrure [Fa)

Temperature [C)
Temperature [K]
Exerqy [Jkq)
Exph[JPkq)
Exth[J?kq)

Exerqy [JPkq)
Exerqytot[W]

INpar
Frosrure [Fa)

Temperature [C)

Temperature [K]
Exerqy [JPkq)
Exph[JPkq]
Exth[Jkq)
Exerqy [Jikq)
Exerqytor[W]

Envprosrure
Envtemp
Modium
Marr Flou [katr])
Heatflou [W]
DeltaT
Exerqyrire

Chiller, 2nd qeneration
Envprosrure
Envtomp
Modium
Marr Flou [katr]
Heat dorcharqed [W

Deltacox

COFth
COF azt

Eloctric

100000.0

22.¢
295.0
1761

INpar
Frosrure [Fa)

Temperature [C])

Temperature [K]
Exerqy [Jikq)
Exph[JPkq)
Exth[J?kq)
Exerqy [Jikq)
Exerqy tat[W]

Envprorrure
Envtemp
Meodium
Marr Flou [katr]
Heatrubtracted [W)

100000

3.55
490'000

2343.73

£.00
0000
100000

4.75
£0'000

Frosrure [Fa)
emperature [C
emperature [K
Exerqy [JPkq)
Exph[JPkq)
Exth[JPkq)

Exerqy [Jikq)
Exerqytor[W]

Frosrure [Fa)

emperature [C

emperature [K
Exerqy [JPkq)
Exph[JPkq]
Exth[Jkq)
Exerqy [Jikq)
Exerqytor[W]

Ca
Dalta ax fls

OUT par
FProsrure [Fa)

emperature [C

emporature [K
Exerqy [JPkq)
Exph[JPkq]
Exth[J?kq)
Exerqy [Jikq)
Exerqy tot[W]

:80!‘" <mn 57396

100000.0
32.9
305.0
i7e.2

0.0
17e.2
17e.e
£11.2

100000.0
331

A
324
0.0
8324
324
2954.9

4260.4

100000.0
13.¢
291.0
579.%

ToFloor
Cooling




Each Component has three parts

input values, characteristic equations, output values

IN par
Pressure [Pa]

Temperature [C]

Temperature [K]
Ex ch,s [J/kg]
Ex ph,s [J/kg]
Ex th,s [J/kg]

Ex total,s [J/kQ]

RH [%]
x [kgw/kga]

Exergy total [W]

Env pressure [Pa]
Env temp [K]
Medium
Mass flow [kg/s]
Power input [W]
Pressure rise [Pa]
Exergy ph rise [W]

Exergy efficiency [%]
Exergy loss [W]

characteristic
equations

OUT par
Pressure [Pa]

Temperature [C]

Temperature [K]
Ex ch,s [J/kg]
Ex ph,s [J/kg]
Ex th,s [J/kg]

Ex total,s [J/kQ]

RH [%]
x [kgw/kga]

Exergy total [W]
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Components with multiple flows (HX)

more extensive setup

Parallel-flow
IN par
Pressure [Pa]
Temperature [C]
Temperature [K]
Ex ch,s [J/KQ]
Ex ph,s [J/kg]
Ex th,s [J/KQ]
Ex total,s [J/kQ]
RH [%]

X [kgw/Kga]
Exergy total [W]

primary side

Heat exchanger

Env pressure [Pa]
Envtemp [K]
Medium
Mass flow [Kg/s]
Pressure loss [Pa]
Heat flow [W]
Effectiveness
Delta T [K]
Exergy drop [W]

Cp [J/KK]

Water to Water
OUT par
Pressure [Pa]
Temperature [C]
Temperature [K]
Ex ch,s [J/kg]
Ex ph,s [J/Kg]
Ex th,s [J/KQ]
Ex total,s [J/K(]
RH [%]

X [kgw/kga]
Exergy total [W]

characteristic
equations

C ratio []
Area [m?2]
Cmax [J/K]

Pressure [Pa]
Temperature [C]
Temperature [K]

Ex ch,s [J/KQ]

Ex ph,s [J/kg]

Ex th,s [J/Kg]
Ex total,s [J/Kg]

RH [%]
X [kgw/kga]
Exergy total [W]

secondary side

Thermal efficiency

Env pressure [Pa]
Envtemp [K]
Medium
Mass flow [Kg/s]
Pressure loss [Pa]
Heat flow [W]
Delta T [K]

Exergy rise [W]

Cp [J/KgK]

Thermal exergy efficiency
NTU
C1[J/IK]
C2[J/K
OUT par
Pressure [Pa]
Temperature [C]
Temperature [K]
Ex ch,s [J/kg]
Ex ph,s [J/Kg]
Ex th,s [J/KQ]
Ex total s [J/K(]
RH [%]

X [kgw/kga]
Exergy total [W]

characteristic
equations
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Example: Configuration

Chiller with low temperature lift, hybrid cooling tower and floor cooling

e

W
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Example: SEPE representation

Chiller with low temperature lift, hybrid cooling tower and floor cooling

| Hybrid cooling tower |

From envirom ' To environment
Heat  jerssll--
exchanger
: r air / water |

Pipe

Floor
cooling

Room Environment

m
=
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Example: Results exergy losses

Chiller with low temperature lift, hybrid cooling tower and floor cooling

120%

100%

80%

60%

40%

20%

0%

Adiabatic Heat Generation Generation Chiller

Distribution

Distribution  Floor cooling

-20% Saturator exchanger Pump Fipes

pump

pipes

-40%

-60%

-80%

-100%

Hybrid cooling tower

-120%

Distribution
pump

Generation Generation
Pump Pipes

Heat
exchanger

Adiabatic

Exergy losses Fan Saturator Chiller

Distribution Floor

pipes cooling Total

[W] 100 -2800 1690 130 10 2880 150

4 610 2770

4% -101% 61% 5% 0% 104% 5%

0% 22%
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Conclusions

- More Info in Schlussbericht von BfE

- Also see www.annex49.com

Thanks to the BfE for the support
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