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a b s t r a c t

Life Cycle Assessment (LCA) is an effective methodology to assess the energy and environmental impacts
of energy systems during their life cycle, including manufacturing, operation and end-of-life.

The aim of the paper is the application of a simplified LCA tool, developed in the framework of the
International Energy Agency Solar Heating and Cooling Task 48, for comparing different typologies of
solar assisted heating and cooling systems.

In detail, solar thermal heating and cooling systems located in Palermo (southern Italy) and in Zurich
(Switzerland) were compared with conventional systems assisted by grid connected and stand-alone
photovoltaic plants.

A validation of the tool was also carried out by comparing the obtained results with those of in-depth
LCA studies.

The results showed that the best system configuration in Palermo is the conventional system assisted
by a grid-connected photovoltaic plant. Its impact on global energy requirement is about 83.7% and 74.5%
of the corresponding impact of the solar thermal heating and cooling and the conventional system
assisted by a stand-alone photovoltaic system, respectively.

Different considerations can be made for Zurich, where the solar heating and cooling system per-
forms better than the others; it is characterized by a global energy requirement that is 85.3% and 81.2% of
the grid-connected and stand-alone photovoltaic assisted conventional systems, respectively. A similar
trend is traceable for the global warming potential indicator.

The validation of the LCA tool proved it to be reliable since deviations with a detailed LCA of the same
system are contained below a 5% difference in all the comparable systems.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

The current trend in the development of buildings, heating
ventilation and air-conditioning systems points towards a growing
integration between energy generation and consumption [1].
Renewable energy technologies (RETs) are an effective solution for
matching the energy consumption over one year [2] and for
achieving the target of nearly Net Zero Energy Buildings (NZEBs),
as recommended by the European Energy Directive on Perfor-
mance of Buildings [3].

Designing NZEBs [4–6] is, however, challenging. Since, by
definition, the design of such buildings is interdisciplinary, design
tools need to couple different domain models, in order to repre-
sent the interactions and conflicts that occur between problem
parts and give rise to the need performance trade-offs [7]. Thus, it

is important to develop new tools for the early design phase and/
or to integrate new tools within the existing ones, to help practi-
tioners and researchers taking in consideration the highest num-
ber of variable to be included in the design.

One aspect often overlooked is the embodied energy and
greenhouse gas (GHG) emissions of the envelope and energy
systems of NZEBs; the idea is that even though energy require-
ments during the use phase are zero and the net zero energy
target is achieved, the environmental and energy impacts arising
from the production and end-of-life might nullify the benefits of
the use phase.

The analysis of embodied energy and GHG emissions in the
early design phase is particularly important, since the design of
NZEBs would always be characterized by very low use phase
impacts in comparison to the other steps of the life cycle [8–13],
and achieving a balanced and overall low life cycle impact design
is one of the top priorities in current NZEBs research.

Among the energy systems that can be integrated in NZEBs,
solar heating and cooling (SHC) systems as well as photovoltaic
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(PV) systems are competitive technologies used to generate energy
inputs, which can contribute to the reduction of buildings energy
consumption and GHG emissions.

Good results in terms of energy saving and avoided environ-
mental impacts can be achieved through a correct choice of the
energy technology among those available, and an accurate design
of the selected technology that takes into account climatic con-
ditions and buildings loads [5].

To correctly assess the energy and environmental advantages
due to the installation of a RET for satisfying the cooling and
heating demand of buildings, a life cycle approach should be fol-
lowed, which includes the impacts/benefits during all the life cycle
of the investigated system.

The Life Cycle Assessment (LCA), standardized by the interna-
tional standards ISO 14040 [14] and 14044 [15] is a scientific
methodology for assessing and comparing the energy and envir-
onmental performances of different energy technologies, includ-
ing energy and material consumption, and emissions during the
entire life cycle [16].

This paper presents the results of a simplified LCA applied for
investigating the life cycle impacts of different solar assisted sys-
tems operating in two locations. The LCA was carried out by
applying a user-friendly LCA tool [17], developed in the framework
of the International Energy Agency SHC Task 48.

Such a user-friendly LCA tool allows for developing simplified
analyses of solar assisted technologies in the early design stage,
once energy consumption during the operation phase and the
main equipment that constitutes the system are known.

Even though different simplified LCA tools have been devel-
oped in the scientific literature [18], as far as the authors are
concerned, there are no LCA tools specifically developed to be
applied to solar energy systems.

2. The LCA tool

A simplified LCA tool was developed for assessing and com-
paring the energy and environmental performances of different
solar assisted plants, in different climatic conditions.

Thanks to its simple structure, this tool enables researchers
operating in the field of SHC, both LCA practitioners and non-

professional users, to compare the energy and environmental
balances of SHC systems (with absorption or adsorption chiller)
with those of conventional systems assisted by photovoltaic
panels. The tool is freely available on the website: http://task48.
iea-shc.org/.

The simplified LCA that can be carried out with the tool
involves less cost, time and effort, but yet can provide similar
results to a more detailed and costly LCA. In detail, the user can
calculate energy and environmental impacts of SHC systems and
compare them with conventional systems assisted by PV, by
simply inserting data on the yearly energy consumed by the
investigated systems, their useful life, and their main components.

There are four basic steps in the application of the LCA tool, as
illustrated in Fig. 1. The visual approach of the tool allows users to
model the system life cycle by using a clear and transparent
structure. Input data, specific impacts, total impacts are reported
in separate worksheets; therefore, each worksheet can be easily
consulted or filled in. The LCA results are displayed both in tables
and in figures and are referred both to specific life cycle steps
(manufacturing, operation and end-of-life) and to the life cycle as
a whole.

The tool is composed by the following worksheets, illustrated
in an “index” page:

Nomenclature

Acronyms

EPT energy payback time
ERR energy return ratio
GER global energy requirement
GHG greenhouse gas
GWP global warming potential
GWP-PT global warming potential payback time
LCA Life Cycle Assessment
NZEB Net Zero Energy Buildings
PV photovoltaic

RETr renewable energy technology

SHC solar heating and cooling

Symbols

GERConventional-system primary energy consumed by the con-
ventional system during the manufacturing and end-
of-life steps

GERConventional-system-operation primary energy consumed by the
conventional system during the operation step

GERSHC-system primary energy consumed by the SHC system
during the manufacturing and end-of-life steps

GERSHC-system-operation primary energy consumed by the SHC
system during the operation step

GWPConventional-system impact on GWP generated by the con-
ventional system during the manufacturing and end-
of-life steps

GWPyear net yearly avoided GWP due to the use of the
SHC system

GWPSHC-system impact on GWP generated by the SHC system
during the manufacturing and end-of-life steps

Eoverall net yearly primary energy saving during the overall
lifetime of SHC system

Eyear net yearly primary energy saving due to the use of
SHC system

STEP 1 (Worksheet 1):
DATA ENTRY ON THE SHC SYSTEM

STEP 4 (Worksheet 5, 6, 7 and 8):
ANALYSIS OF THE RESULTS

STEP 3 (OPTIONAL) (Worksheet 3 and 4):
ANALYSIS OF THE SPECIFIC ENERGY AND ENVIROMENTAL IMPACTS

STEP 2 (Worksheet 2):
DATA ENTRY ON THE CONVENTIONAL SYSTEM

Fig. 1. Basic steps for the application of the LCA tool.
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