Combined cold, heat and power system, based
on an organic Rankine cycle, using biomass
as renewable heat source for energy saving

and emissions reduction in a supermarket

Joaquin Navarro-Esbri, Francisco Molés, Bernardo Peris,
Adrian Mota-Babiloni, José Pascual Marti, Roberto Collado,

Manuel Gonzalez

Research group ISTENER LA™

EXPANDER TECH S.L. Ranke
14t September 2017 | Milan



Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

INDEX

1. CONTEXT
2. CCHP SYSTEM
3. ORC CHARACTERIZATION

4. SYSTEM ANALYSIS

5. CONCLUSIONS

14™H SEPTEMBER 2017 | MILAN - i
Rank



Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

INDEX

1. CONTEXT

[2. CCHP SYSTEM ]

[3. ORC CHARACTERIZATION ]

[4. SYSTEM ANALYSIS ]

[5. CONCLUSIONS ]

LI ™
14™H SEPTEMBER 2017 | MILAN :
Rank:



Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY STUDY

Climatic conditions:

— « HOT WEEK: August 19-25

- « COOLD WEEK: November 25-30
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY STUDY

Cooling demand: 20-30 kW base

a AN

W

[EEN
N
o
~
o

(<2}

o

[EnN

o

o
(o2}
o

[F

Estimacion Demanda Frio (kW)
N
o

(%)
o

(%)
o

80

D
o

60

w
o

w
o

40

N
o

Estimacion Demanda Frio (kW)
N
o

20

[y

o
=
o

Estimacion Demanda Frio (kW)

o
o
o

1
8
5
1
8
15
22
1
8
15
22
29
36
43
50
57
64
71
78
85
92
99
106
113
120
127
134
141
148
155
162

TP
14™H SEPTEMBER 2017 | MILAN i
Rank



Combined cold, heat and power system, based on an organic Rankine cycle, using biomass

as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY STUDY

Electricity demand: annual kWh

Refrigeration system
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY STUDY

Electricity demand: annual kWh

Refrigeration system
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY STUDY

Electricity demand: annual kWh

Refrigeration system
Air-conditioning system
— Lighting system
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY SAVING MEASURES

Refrigeration system

Simple cycle with R404A Simple cycle with R404A

4

Cascade cycle with R450A / CO2
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONTEXT

ENERGY SAVING MEASURES

Cooling demand: 20-30 kKW base
Electricity demand: 20-40 kW base

Combined cold, heat and power system
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM

ORGANIC RANKINE CYCLE

250

200
Lan) 6‘3\&0\){06
eL-)/ O BO\\G(X\
o 15
5 :
§ Al
2 100

- eal
50
Low temperature heating /
0
1.0 1.2 1.4 16 s . .

Entropy (kJ/kg-K)

TP
14™H SEPTEMBER 2017 | MILAN i
Rank



Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM

ORGANIC RANKINE CYCLE
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM

ABSORTION

Heat source:

25 kWt — 882C

Heat rejection:
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Cooling production:
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CCHP SYSTEM
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

ORC CHARACTERIZATION

EXPECTED PERFORMANCE

| Thermal oil inlet temperature(¢¢) | 205
Thermal ofl thermal power (kW) | 250
Water nlet temperature (heating) (°€) | 335
Water outlet temperature (heating) 20 | 50
Water inlet temperature (absorption] %) | 83
Water flow rate (absorption) (m¥/h)___—————— | 0o
Water thermal power (absorption) (kW) 26
Gross electrical power (W) | %885
Net electrical efficiency (%
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

SYSTEM ANALYSIS

ENERGY ANALYSIS

Electricty power (We) T %)
Feat source thermal power w750}
Feat sink (absorption) thermalpower (kW) | %6
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

SYSTEM ANALYSIS

ENERGY ANALYSIS

| Electricity power (kWe) | 25|

Heatsource thermalpower fkwg | 750

Heat sink (absorption) thermal power (\We) |26
Operating time (without heating usage) (h)
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

SYSTEM ANALYSIS

ECONOMIC ANALYSIS

| Electricity power (kWe) | 25|
eat source thermalpower fkwe)_____————————————————— |50
Heat sink (absorption) thermalpower (W0 | %6
Heating energy (kWh) 720000
Coolingprice (/WR) | 005
Heatingprice (/kWh) | 0.065_
(Biomass cost (/W) | 0025
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

SYSTEM ANALYSIS

ECONOMIC ANALYSIS

Electricitypower (we) s
Feat source thermal power W) |50
Heat sink (absorption) thermal power (RW0 | 26

Coolingprice(€/lWR) | 005
Featingprice (/AWR) | 0065

Biomass cost (€/kWh) 0.025

Net cash flow (€) 28380
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

SYSTEM ANALYSIS

ENVIRONMENTAL ANALYSIS

| Electricity power (kWe) | 25|
Heatsource thermalpower fkwg | 750
Heat sink (absorption) thermal power (\We) |26
(Coolingprice (€/AWh) | 0.055
Reatingprice (6/kWR) | 0.065]
Bomasscost(e/lWh) | 005
Net cash flow (€)

Electricity production emission rate (kgCO,/kWh) | 0.339
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

SYSTEM ANALYSIS

ENVIRONMENTAL ANALYSIS

Electricitypower (we) s
Feat source thermal power W) |50
Heat sink (absorption) thermal power (RW0 | 26
Coolingprice(€/lWR) | 005
Featingprice (/AWR) | 0065
Blomasscost(/kWR) | o005
Electricity production emission rate (kgCO/AWR) | 0339

Cooling energy emission rate (kgCO,/kWh) 0.192
Heating energy emission rate (kgCO,/kWh) 0.311

Emission reduction (kgCO,) 285610
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONCLUSIONS

CONCLUSIONS

- Energy study and energy saving measures in a
supermarket

- Combined cold, heat and power system

- Biomass as used fuel: RENEWABLE ENERGY

- ORC experimental characterized

- Energy, economic and environmental analysed
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket

CONCLUSIONS

CONCLUSIONS
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Combined cold, heat and power system, based on an organic Rankine cycle, using biomass
as renewable heat source for energy saving and emissions reduction in a supermarket
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