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Abstract

The paper presents ELISA, a simplified tool for estimating the Environmental Life-cycle Impacts
of Solar Air-conditioning systems. The tool is designed to support researchers, designers and
decision makers in a simplified evaluation of the life cycle energy and environmental potential
benefits related to the installation of solar heating and cooling systems in substitution of
conventional ones.

The tool was developed within the research activities of Task 53 “New Generation Solar Cooling
& Heating Systems (PV or solar thermally driven systems)” of the International Energy Agency.

1. Introduction

The Solar Heating and Cooling (SHC) systems are of great interest in the
reduction of the greenhouse gas emissions, particularly in sunny regions, due to
the use of renewable energy resources for the buildings air-conditioning
(Beccali et al.,, 2016). Good results in terms of electricity and natural gas
savings can be achieved through an accurate design of the SHC systems,
which takes into account climate characteristics and building loads during all the
year (Beccali et al., 2014a).

Many researchers are contributing in the development of a competitive market
for the SHC technologies by focusing on cost-effectiveness and high
performance (Chang et al., 2009) in different geographic contexts. However,
they often analyze only the SHC systems behavior during the operation stage,
neglecting the energy and environmental aspects of the manufacturing and end-
of-life of these technologies.

By extending the point of view to the whole life cycle, the benefits of using
renewable energy during the operation of the SHC systems could be offset by
the impacts of the other stages. For this reason, it is important to introduce the
Life Cycle Assessment (LCA) (ISO 14040, 2006; 1SO 14044, 2006) for
assessing the energy and environmental performances of the systems during
their life cycle. However, the development of a complete LCA for a complex
system as the SHC can be difficult and time-consuming particularly for no-LCA
experts, discouraging them in the inclusion of life-cycle considerations in the
assessments.
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In order to support the SHC experts in the development of simplified LCAs
during the design phase of the SHC systems, the authors developed the tool
ELISA. This tool can be used for estimating the environmental life-cycle impacts
of solar air-conditioning systems. The tool, although simplified, can be used for
understanding the potential energy and environmental benefits/impacts of the
solar technologies in different geographic contexts with respect to conventional
ones.

2. ELISA tool

ELISA is a tool for developing a simplified life cycle energy and environmental
assessment of SHC systems and for comparing them with conventional ones.
The tool, developed in Microsoft Excel (Microsoft Excel 2016, 2016), can be
used for the comparison of four typologies of heating and cooling systems:

SHC system;

SHC system with photovoltaic panels (PVs);

Conventional system;

Conventional system with PVs.
The logo of ELISA is shown in Figure 1.

ENVIRONMENTAL LIFE-CYCLE IMPACTS OF
SOLAR AIR-CONDITIONING SYSTEMS

Figure 1: ELISA logo

The tool allows for calculating the following indices:

- Global warming potential (GWP) [kg of COzeq], calculated using the
characterization factors of the “IPCC 2013 GWP 100 year” impact
assessment method (IPCC, 2014);

- Global energy requirement (GER) [MJ], calculated using the impact
assessment method “Cumulative Energy Demand” (Frischknecht et al.,
2010);

- Energy payback time (E-PT) [years], defined as the time during which the
SHC system (with or without PV) must work to harvest as much primary
energy as it requires for its manufacturing and end-of-life. The harvested
energy is considered as net of the energy expenditure for the system use;
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- GWP payback time (GWP-PT) [years], defined as the time during which
the avoided GWP impact due to the use of the SHC system (with or without
PV) is equal to the GWP impact caused during its manufacturing and end-
of-life;

- Energy Return Ratio (ERR) that represents how many times the energy
saving due to the use of the SHC system (with or without PV) overcomes
its primary energy consumption during the life-cycle.

The main page of ELISA is shown in Figure 2.

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY

Tosk 53 L&

NEW GENERATION
SOLAR COOLING & HEATING SYSTEMS

NVIRDNMENTAL LIFE-CYCLE IMPACTS OF
SOLAR AIR-CONDITIONING SYSTEMS.

MAIN PAGE

Check Tool Version

Data Library

il

Example

Impacts Comparison Payback Indices Reset All

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

DISCLAIMER ELISA TOOL

This License Agreement is a legal agreement for ELISA. By installing, copying or otherwise using the tool, you agree to be bound
by the terms of this Agreement. This taol is not intended to provide specific advice or recommendations in any circumstances. It
may not cover aspects of your particular situation and an investigation with different tools could generate a different result The
Members of IEA Task 53 assume no responsibility for any errars 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 IEA Task 53 be held liable for
any loss or damage (including any type of damage), which may be attributable 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 reproduction
and shipping.

Figure 2: Main page of ELISA

From the main page, the user can access to the data library of the tool (Figure
3) that shows the specific energy and environmental impacts (Beccali et al.,
2010 and 2014b; Cellura, 2014; Frischknecht et al., 2007; Longo et al., 2014;
Majeau — Bettez et al., 2011; Mc Manus, 2012; Notter et al., 2010), in term of
GER and GWP, of the components that are commonly part of a SHC or a
conventional system (including the PV system) and of energy sources
(electricity and natural gas).

3. Description of the Case study

To illustrate the features of ELISA a simple application is described in the
following section, comparing four heating and cooling systems: a SHC system
(without and with PV) and a conventional system (without and with PV). The
systems are installed in Palermo (Italy) and have a useful life of 25 years.
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The SHC system is composed of: an absorption chiller (12 kW); a field of
evacuated solar tube collectors (35 m?); a heat storage (2,000 I); a cooling
tower (32 kW); an auxiliary gas boiler (10 kW); an auxiliary conventional chiller
(10 kW); pipes (60 m); two pumps (80 W and 250 W); a solution of water and
ammonia (15 kg of ammonia and 10 kg of water). The system consumes 1,117
kWh/year of electricity and 414 kWh/year of natural gas. The conventional
system is constituted by a chiller of 10 kW and a gas boiler of 10 kW; it requires
1,995 kWhlyear of electricity and 2,882 kWh/year of natural gas. In addition, the
SHC system and the conventional system coupled with PV include: photovoltaic
panels, inverter, electric installation and batteries. The PV system is sized as a
stand-alone system with energy storage for supplying the electricity required
from the SHC and conventional system during the useful life.

z Al
Data Library L_&_J

Component / Energy source ‘

’ Auxiliary gas boiler (10 kW) j [
[

' Global Energy Requirement (GER)

Manufacturing / Production End-of-Life UM [

| ’ 6,781.86 61.51 MJ/unit \

Global Warning Potential (GWP)
Manufacturing / Production End-of-Life UM

’ 365.71 12.04 kgCO2eq/unit

| Open Close ‘

Figure 3: Data Library

3.1.1 Entering data in the input worksheet

ELISA contains four input worksheets, one for each system. Each input
worksheet includes a list of the components of the analyzed system, of
electricity mixes of 25 localities and of natural gas burned in 10 different
systems in the European context. Figure 4 shows, as an example, the structure
of the input worksheet for the SHC system.

In addition, ELISA allows for including the number of replacements of each
component during the useful life of the system: e.g. the inverter used in the PV
system has a useful life of 12.5 years, this means that it will be substituted one
time during the 25 years.

3.1.2 Analysis of the results thought the output worksheets
The results are shown in three output worksheets:
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The first one presents the GER and GWP results for each system both in table
and graphs. In detail, the results in table shows: the total impact for each
component/energy source; the impact of the manufacturing and end-of-life
steps of each component of the system and the impact of the operation; the
total impact of each life-cycle step (manufacturing, operation, end-of-life). The
graphs allows for visualizing the contribution of the different life cycle steps to
the total impact and the incidence of each component/energy source on the
impact of manufacturing, operation and end-of-life. As an example, Figure 5
shows the incidence of each component of the SHC system to the impact on
GER during the manufacturing step.

COMPONENTS OF THE SHC SYSTEM

Category UM.  Quantity N®°pepacenent
Ammaonia kg 15.00
Auxiliary conventional chiller (10 kW) unit 1.00°
Auxiliary gas boiler (10 kW) unit 1.00"
Absorption chiller (12 kW) unit 100"
Cooling tower (32 kW) unit 1.00°
<Glycol> kg
<Heat rejection system= unit
Heat storage (2000 I) unit 1.007
<Heat-pump= unit )
Pipes m 60.00
Pump (40 W) unit 825
Evacuated tube collector m? 35.00
Water kg 10.00
Category U.M.  Quantity
Electricity, low voltage, laly (including import) kWhiyear  1,117.00

Natural gas, bumed in boiler atmosferic low-NOx condensing non-modulating, <100 kW, Europe kWhiyear 414.00

Figure 4: Input worksheet of the SHC system

The second worksheet displays the comparison of the results for the different
systems (both in table and graphs (Figure 6)).

The third worksheet shows the E-PT, GWP-PT and ERR indices (Figure 7). In
detail, each box of Figure 7 indicates the value of the index calculated for the
system of the j-th row if compared with the system of the i-th column.

The calculation of the above set of indices is useful to evaluate if the additional
impacts usually caused during the production and end-of-life steps of a SHC
system if compared with a conventional one are balanced by the energy saving
and avoided emissions during its operation.

However, when the conventional system uses energy from renewable sources
(e.g. electricity from PV), the impacts of the SHC system during the operation
step can be higher than that of the conventional one. In this case, the SHC
system has worse energy and environmental performances during the operation
step and cannot balance the additional impacts caused during its production
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and end-of-life.
calculated.

When this happens, E-PT, GWP-PT and ERR cannot be

GLOBAL ENERGY REQUIREMENT (GER) {MJ)
Manufacturing

Auxiliary conventional
chiller (10 kw)

Auxiliary gas

B Ammonia

™ Auxiliary conventional
chiller (10 kW)

iﬂ Evacuated :ubé;‘ ® Auxiliary gas boiler (10
kW,
| collector : z
| 46.27% Absorption chiller m Absorption chiller (12
‘ (12 kw) kwy)
21.76% W Cooling tower (32 kW)

W Heat storage (2000 1)
= Pipes

= Pump (40 W)
Heat storage

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

Figure 5: Manufacturing step: GER of the SHC system

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

_Manufacturing Operation  End-of-Life Total Manufacturing  Operation  End-of-Life

SHC System
SHC System with PV
Conventional System

Conventional System with PV

MANUFACTURING

119,503.54 347,549.01 581.90 467,634.46 7,522.10 20,795.83 210.67
176,582.25 47,713.35 3,847.30 228,142.90 10,490.07 2,825.69 558.08
14,912.96 858,476.81 69.34 873,459.11 1,916.17 51,335.67 37.86
112,435.80 322,960.12 5,507.97 440,903.89 7,009.47 19,240.40 582.56

GLOBAL ENERGY REQUIREMENT (GER) (MJ)

858,476.81 873,459.11

581.90 3,847.30 69.34 5,507.97

OPERATION END-OF-LIFE TOTAL

™ SHC System ™ SHC System with PV ™ Conventional System ™ Conventional System with PV

Figure 6: Impacts comparison worksheet

Total
28,528.60
13,873.83
53,289.70
26,832.43

An analysis of the results indicates that the integration of the PV panels in the
heating and cooling system can reduce the life-cycle impacts of about 50% for
both the SHC and conventional system, although the impacts of the
manufacturing and end-of-life steps increase. Comparing the results, it can be
observed that, in the selected location, the use of the SHC system with PV
allows for the reduction of the impacts of about 74% and 49% if compared with
the conventional system without and with PV, respectively.
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The analysis of the payback indices highlights that the benefits of using the
SHC system with PV if compared with the respective conventional system
allows for offsetting the energy and environmental costs due to the life-cycle of
the solar system in about 5.5 years. The value of ERR indicates that the energy
saved during the useful life of the SHC system with PV overcomes the global
energy consumption due to its manufacture and end-of-life of about 4.5 times.

The SHC system has worse energy performances during the operation if
compared with a conventional system with PV. In this case, the negative values
obtained for the examined indices indicate that E-PT, GWP-PT and ERR cannot
be calculated.

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

Conventional System Conventional System with PV
SHC System 514 - 218
SHC System with PV 510 568

GWP-PT =(GWPj-th,SHC-system - GWP ihsConventional-system )/ GWPyear

Conventional System Conventional System with PV
SHC System 473 - 2.26
SHC System with PV 469 5.26

ERR =E0verall,j-th,SHC-system / GERi—th,SHC—system

Conventional System Conventional System with PV
SHC System 425 - 0.20
SHC System with PV 449 1.53

Figure 7: E-PT, GWP-PT and ERR

4. Conclusions

The paper describes ELISA, a useful tool for the evaluation of the potential
benefits due to the installation of the SHC systems if compared with the
conventional ones.

ELISA is a simplified tool that cannot be used for complete and accurate LCAs,
but it gives a general overview and one order of magnitude of the energy and
environmental impacts of the four typologies of systems presented above. In
addition, the data library is limited and could be extended in the future with new
data. However, ELISA is a user-friendly tool that 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.
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Researchers, designers, and decision-makers can use ELISA to take
environmentally sound considerations in the field of the SHC systems (PV or
solar thermally driven systems).

ELISA can be downloaded for free from the website of Task 53 of the
International Energy Agency (IEA): http://task53.iea-shc.org/.
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