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SOLAR COOLING TECHNOLOGICAL OPTIONS

Solar Cooling
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WHY CHOOSE SOLAR COOLING?
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* Very good correspondece between
solar radiation and demand during
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SOLAR COOLING

Primary energy required for a kWh of cooling

Thermal COP of the heat driven chiller
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SOLAR COOLING

 Using solar radiation to drive a cooling process it’s
not sufficient to achieve primary energy saving
during the operation of the systems

e As far as green electricity share is rising up,
“quantitative” benefits related to its substitution
with heat carriers become lower

 This kind of balances do not take into account:

-Energy used for the construction, maintainance and disposal
of the systems

-Impacts related to emissions by the solar and the reference
system



SOLAR COOLING

Energy Payback Time (EPT):

the time during which the system must work to harvest as much energy as it required for

its production and disposal
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EPT vs different parameters
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SOLAR COOLING

Energy balances are not enough to assess the real impact
of a technology: environmental issues must be
considered a proper way

Emissions Payback Time (years)
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THE LIFE CYCLE ASSESSMENT (LCA) METHODOLOGY

The LCA is a “compilation and evaluation of the inputs, outputs and the potential

environmental impacts of a product system throughout its life cycle”.
Source: International standards of the ISO 14040 series (ISO 14040, 2006; ISO 14044, 2006).

Why the Life Cycle Assessment?
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LCA AND THE IEA SOLAR HEATING & COOLING PROGRAMME

IEA SHC Task 38 “Solar Air-Conditioning and Refrigeration™
Subtask D “Market transfer activities” - Activity D3 “Life cycle assessment”

\

( IEA SHC Task 48 “Quality Assurance & Support Measures for Solar Cooling Systems”
Subtask A “Quality Procedure on Component Level” - Activity A2 “Life cycle analysis at
component level”
Subtask B “Quality procedure on system level” - Activity B3 “Life cycle analysis at

\ system level” )

\_

J

(" IEA SHC Task 53 "New Generation Solar Cooling & Heating Systems (PV or solar
thermally driven systems)*

Subtask A “Components, systems and quality” - Activity AS “LCA and techno-eco

\ comparison between reference and new systems” )




THE LCA AND THE SHC SYSTEMS
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IEA SHC Task 53 "New Generation Solar Cooling & Heating Systems ' T 3§
oK 3
(PV or solar thermally driven systems)“- ﬁ“ﬁ —
.

ERATIEHA triar sy SOLAR COOLING & HEATING SYSTEMS

Researchers often analyze only the SHC systems
behavior during the operation stage, neglecting ‘ Needs of a life cycle approach

the other life cycle steps.

Development of a complete LCA

LCA is time-
consuming

LCA is
difficult to « »
apply
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THE TOOL ELISA

ENVIRONMENTAL LIFE-CYCLE IMPACTS OF
SOLAR AIR-CONDITIONING SYSTEMS

A user-friendly LCA tool to evaluate the life cycle energy and environmental advantages

related to the use of SHC systems in substitution of conventional ones, considering
specific climatic conditions and building loads.




THE TOOL ELISA

Comparison of four typologies of heating and cooling systems:

SHC

Calculation of:

* Global energy requirement (GER);
* Global warming potential (GWP);
* Energy payback time (EPT);

* GWP payback time (GWP-PT);

* Energy return ratio (ERR).

Step 1: Input data

Step 2: Analysis of the results

Data L}b-raq,r_'_

wi

) ) | Conventional with
SHC with PV Conventiona PV (PV cooling)

)

Component / Energy source

| Auxiliary gas boiler (10 kW)

Global Energy Requirement (GER)

Manufacturing / Production End-of-Life UM
| I 6.781.86 6151 MJ/unit
Global Warning Potential (GWP)
I Manufacturing / Production End-of-Life UM
' | 365.71 | 12.04 | kgCO2eq/unit
I

Electricity mix of 25

Close |

localities (23 European
countries, Switzerland
and Europe)

Natural gas burned in 10
different systems in the
European context




THE EXAMINED SYSTEMS
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THE EXAMINED SYSTEMS
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THE TOOL ELISA Step 1: Input data

COMPONEN TS OF THE SHC SYSTEM

Quantity N° reraceuent
15.00
100"
-
1.00
100"
100

h |

100
60.00

825
35.00
10.00

ENERGY SOURCES
Quantity

1,117.00




THE TOOL ELISA

Step 2: Analysis of the results

»Total life cycle impact

GLOBAL ENERGY REQUIREMENT (GER) (MJ) GLOBAL WARMING POTENTIAL (GWP) (kg CO2eq)
g O n ofLife ~ Total  Manufacturing Operation End-of-Life Total
: 6930 3144 314
813110 783 813893 155046 %82 157628
6,781.86 6151 684337 365.71 1204 31116
26,005.37 313 2600850 138234 1255 139489
295069 1074 296143 14998 313 153.11
1481172 2132 1483304 78331 121 796.02
392898 1992 394890 15798 58 16380
97495 309 97804 5703 066 5769
55,289.29 45437 5574366 304385 13794 318178
029 0y 001 001
29983566 - 29983566 17,970.14 17,970.14
4771335 4771335 282569 282569
6) 752210 2079583 210.67' 28:528.60




THE TOOL ELISA

Step 2: Analysis of the results

»Total life cycle impact
»Total impact for each component/energy source

_ Manufacturing Operation  End-of-Life Total  Manufacturing Operation  End-of-Life Total
Ammonia 62930 (62930 3144 314
Auxiliary conventional chiller (10 kW) 8.131.10 783 813893 1,550.46 2582 1576.28
Aucxiliary gas boiler (10 kW) 6,781.86 6151 6,843.37 365.71 1204 31715
Absorption chiller (12 kW) 26,005.37 3130 2600850 138234 1255 1,394.89
Cooling tower (32 kW) 295069 10.74 296143 149.98 313 153.11
<Glycol>
<Heat rejection system>
Heat storage (2000 ) 1481172 21320 1483304 783.31 1211 796.02
<Heat-pump>
Pipes 392898 1992 394890 157.98 582 163.80
Pump (40 W) 974 95 309 978.04 5703 0.66 5769
Evacuated tube collector 55,289.29 45437 5574366 304385 13794) 318178
Water 029 029 0.01 001
Electricity, low voltage, ltaly (including import) 299 835.66 1797014
Natural gas, burned in boiler atmosferic low-NOx condensing non-
9 mditing, <00 k¥, Eope 9 4771335 282569
Total 119,503.54 581.90  467,634.46 752210 21067  28,528.60




THE TOOL ELISA Step 2: Analysis of the results

»Total life cycle impact
»Total impact for each component/energy source
»Life cycle steps that cause the main energy and environmental impacts

|_ Manufacturing Operation  End-of-Life Total  Manufacturing Operation  End-of-Life Total
Ammonia 629.30 629.30 344 3144
Auxiliary conventional chiller (10 kW) | 813110 783 813893 1,950.46 2582 1576.28
Auxiliary gas boiler (10 kW) 6,78186 6151 6,843 37 365.M1 1204 311715
Absorption chiller (12 kW) 26,005.37 313 2600850 138234 1255 1,394 89
Cooling tower (32 kW) 295069 10.74 296143 149.98 313 163.11
<Glycol>
<Heat rejection system>
Heat storage (2000 ) 1481172 2132 1483304 78331 1211 796.02
<Heat-pump>
Pipes 392898 1992 394890 15798 582 163.80
Pump (40 W) 97495 309 978.04 5703 0.66 5769
Evacuated tube collector 55,289.29 45437 5574366 304385 13794 318178
Water 029 029 0.01 001
Electricity, low voltage, ltaly (including import) 29983566 299,835.66 1797014 1797014

Natural gas, burned in boiler atmosferic low-NOx condensing non-

modulating, <100 kW, Europe 4171335 4771335 282569 282069

Total .54 347.549.01 905 467,634.46 752210 20.795.83 210.67)  28,528.60




THE TOOL ELISA

Step 2: Analysis of the results

»Total life cycle impact

»Total impact for each component/energy source

»Life cycle steps that cause the main energy and environmental impacts

»Components that are responsible of the main impacts in the manufacturing and end-of-

life step.
| Manufacturing  Operation  End-of-Life Total  Manufacturing Operation  End-of-Life Total
Ammonia 629.30 629.30 34 3144
Auxiliary conventional chiller (10 kW) 8.131.10 783 813893 1,55046 2582 1576.28
Auxiliary gas boiler (10 kW) 678186 6151 6,843.37 365.M1 1204 311715
Absorption chiller (12 kW) 26,005.37 3131 26,00850 138234 1255 1,394.89
Cooling tower (32 kW) 295069 10.74 296143 149.98 313 15311
<Glycol>
<Heat rejection system>
Heat storage (2000 1) 14.811.72 2132) 1483304 78331 1211 796.02
<Heat-pump>
Pipes 392898 1992 394890 15798 582 163.80
Pump (40 W) 974 95 309 978.04 5703 0.66 5769
Evacuated tube collector 55,289.29 45437} 5574366 304385 137.94 3,181.78
Water 029 029 001 0.01
Electricity, low voltage, Italy (including import) 299,835.66 299 835.66 1797014 17970.14
Natural gas, burned in boiler atmosferic low-NOx condensing non-
g modulating, <100 KW, Europe 9 4771335 4771335 282569 282569
I‘ Total - 119.503.54  347549.01 58190  467,634.46 752210  20,795.83 21067 2852860




THE TOOL ELISA Step 2: Analysis of the results

GLOBAL ENERGY REQUIREMENT (GER) (MJ)
End-of-Life
0.12%
8 Manufacturing
25.56%

B Manufacturing

m Operation
B End-of-Life

Operation
74.32%

GLOBAL ENERGY REQUIREMENT (GER) (MJ)
Manufact Ax.iiaryconventional

Water Ammonial  chiller (10 kw)
0, |
0.0002% i ~ 6.80% Auxiliary gas boiler (10

kW)
5.68%

B Ammonia

B Auxiliary conventional

Evacuated tube chiller (10 kw)
collector B Auxiliary gas boiler (10
46.27% Absorption chiller kw)
— (12 kw) m Absorption chiller (12
21.76% kw)

m Cooling tower (32 kW)
m Heat storage (2000 )

m Pipes
Heat storage

(20001) Cooling tower (32 kW)
12.39% 2.47%

Pump (40 W)
0.82%

Pipes
3.29%



THE TOOL ELISA Step 2: Analysis of the results

GLOBAL ENERGY REQUIREMENT (GER) (MJ) GLOBAL WARMING POTENTIAL (GWP) (kg CO 5.,)

~ Manufacturing Operation  End-of-Life Total  Manufacturing Operation  End-of-Life Total

SHC System 119,503.54 347,549.01 581.90 467,634.46 7,522.10 20,795.83 210.67 28,528.60
SHC System with PV 176,582.25 47,713.35 3,847.30 228,142.90 10,490.07 2,825.69 558.08 13,873.83
Conventional System 14,912.96 858,476.81 69.34 873,450.11 1916.17 51,335.67 37.86 53,289.70
Conventional System with PV 112,435.80 322,960.12 5507.97  440,903.89 7,009.47 19,240.40 582.56 26,832.43
GLOBAL ENERGY REQUIREMENT (GER) (M) o
-74%
858,476.81 B

22,960.12

581.90 3,847.30 69.34 5,507.97

MANUFACTURING OPERATION END-OF-LIFE TOTAL

m SHC System m SHC System with PV = Conventional System m Conventional System with PV

Integration of the PV panels: reduction of the total impacts of about 50% despite the
increase of the impacts during the manufacturing and end-of-life steps.



THE TOOL ELISA Step 2: Analysis of the results

E'PTz(GERj-th,SHC-system -GER i-th»Conventional-system )/ Eyear

Conventional System Conventional System with PV Energy and
SHC System 5.14]- N.m enVIron_ment_al costs
balanced in a time lower
SHC System with PV 510 568
than 6 years.
GWP-PT =(GWPj-th,SHC-system - GWP i-thsConventional-system )/ GWPyear
Energy saved overcomes
Conventional System Conventional System with PV
the energy
SHC System 473 -H% consumption.
SHC System with PV 469 5.26

ERR' =E e stc-sysem OER i gc-sytem

Conventional System Conventional System with PV

SHC System 1
]

SHC System with PV 44

Being the impact of the SHC system during operation higher than that of the conventional
system with PV, the indices cannot be calculated.




THE TOOL ELISA
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Task 53

NEW GENERATIO!
'SOLAR COOLING & HEATING SYSTEMS

SOLAR HEATING & CODLING PROGRAMME
INTEANATIONAL ENERGY AGENCY

TNVIRONSENTAL Lise-CveLE HAPRCTS OF
SOLAR AIR-CONDITIONING SYSTEMS

MAIN PAGE A General Information

Check Tool Version
SHC System SHC System with PV Conventional System COMYENtind Syt 4,
Data Library

Impact Comparison Payback Indices Reset All Example

! Recommendation for users: please note that this tool must be used only for academic and research activities

DISCLAIMER ELISATOOL

This License Agreement is a legal agreement for ELISA. By installing, copying or otherwise using the tool, you agree io be bound
by the terms of this Agreement. This tool is not intended to provide specific advice or recommendations in any circumstances. it
may not cover aspecis of your particular situation and an investigation with different tools could generate a different result. The
Members of IEA Task 53 assume no respensibility for any etrors or omissions within the tool. The Members of IEA Task 53 make
no warranty of any kind with respect to ELISA tool. Under no circumstances shall the Members of [EA Task 53 be held liable for
any loss or damage (including any type of damage), which may be atiributable to the reliance on and use of the tool

This License Agreement authorizes the use of the ELISA tool only for teaching and non-commercial research activities. A
research activity is considered non-commercial only if its results are not intended primarily for the benefit of a third party, are
made available to anyone without restriction on use, copying, and further distribution, and are furnished at no more than the cost
of repreduction and shipping.
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EnvironmenTAL LiFE-CYcLe IMPACTS OF
SoLar AIR-CONDITIONING SYSTEMS

USER’S MANUAL

The tool and the user’s manual will be freely available on the website of Task 53 of IEA:

http://task53.iea-shc.org/



CONCLUSIONS

Simplified tool: it cannot be used for complete and accurate LCAs
Limited data library: new data or updated data
The tool's advantages:

» It gives a general overview and an order of magnitude of the impacts

3 It enables users to evaluate if there are real benefits due to the installation of
a SHC system in substitution of a conventional one

» It can simplify the introduction of the life-cycle perspective in the selection of
the most sustainable heating and cooling system is a specific geographic
contexts.

»  Appreciated by Members of IEA Task 53

ELISA represents an original and easy-to-use tool that enables researchers, designers,

and decision-makers to take environmentally sound decisions in the field of SHC
technologies.
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