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Abstract To meet climate and sustainability goals a transition of the system of
energy supply and use is needed. However, energy transitions are complex
long-term processes and require a variety of methodologies to steer their direction.
For this purpose, the combination of environmental, social, economic and technical
assessments together with prospective energy scenario modelling is very promising
but there are several challenges that need to be addressed to fully benefit from these
methodologies. This paper presents the discussions held during a conference ses-
sion on this issue. The solutions proposed facilitate the combination of energy
system modelling frameworks and environmental and social assessments aimed at
developing comprehensive prospective studies and feeding information to decision
making processes for energy transition toward a low-carbon economy.

1 Introduction

In order to reach the pledges made under the Paris Agreement on climate change it
is clear that an ambitious energy transition towards low-carbon solutions involving
every part of the economy is needed [1]. Energy transitions, defined as structural
changes in the way energy services are delivered and used, are inherently complex,
uncertain and difficult to evaluate. In this context, it is increasingly acknowledged
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that mixes of methodologies and modelling frameworks are required to address the
various market and system challenges associated to such transition [2].

The available literature on the importance of assessing current and future energy
systems and the associated transitions ranges from Life Cycle Assessments
(LCA) to energy modelling with economic optimization or policy analyses and
recommendations. One focal area has been environmental studies, among which
LCA is one of the most established methods. LCA makes it possible to quantify
potential impacts to the environment and human health of a product or/and system
over the whole life cycle, to identify and discuss areas of improvement, and to
conduct fair comparison of selected products or services. Another focal area con-
centrates on the economic perspective of energy systems, where energy systems
optimization models are used to generate future scenarios and evaluate key
parameters such as electricity production, related emissions and/or the system costs
in the long-term future.

In recent years authors identified the need of combining the best aspects of
several modelling frameworks. In particular, the combination of LCA and energy
systems optimization models was studied in depth [3–5]. The motivation behind
this combination is clear: LCA is a detailed and comprehensive, but static and
environment-focused approach whereas modelling of future scenarios of the energy
system includes multiple factors such as economic situation without considering
environmental issues in detail. As most of the authors point out this combination of
methodologies looks very promising, but challenges to its applications remain.
Several (case) studies that address different challenges and propose possible solu-
tions are presented and discussed in Sect. 2. The paper closes by providing con-
cluding comments in Sect. 3.

2 Challenges Identified and Possible Solutions

A selection of challenges which need to be worked out to realize the full potential of
integrating LCA and energy systems optimization models is presented in this
section.

2.1 Prospective Background Data

Energy conversion technologies are likely to dramatically change in the coming
decades not only as a consequence of the energy transition but also as a natural
change due to economic, social and technological reasons. Nearly all prospective
LCA studies include changes to the energy system when modelling foreground
processes. However, in the vast majority of the prospective LCAs the background
processes are not modified. The work presented by Cox et al. [6] attempted to use
the outputs of the IMAGE model to create future versions of the ecoinvent
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database. According to the authors the use of IMAGE results as a source of future
projections greatly simplifies the data collection stage and allows the systematic and
consistent modification of ecoinvent background processes and market mixes. The
authors pointed out the importance of a standard format of the results to allow to a
large degree the automatization of future background databases to reflect different
time horizons or scenarios.

2.2 Lack of Data and Difficulties in the Integration
of the Results

The integration of energy system models and life cycle methods is an approach
widely used to facilitate the modelling of prospective scenarios including envi-
ronmental and economic aspects as well as political constraints, enabling sound
decision making and reducing the risk of burden-shifting. Two of the most over-
whelming challenges are the lack of data (e.g. power plant operation and emission
factors) and the coupling of the results of the energy system models with life cycle
inventories. Astudillo et al. [7] identified data gaps related to the energy supply and
demand by analysing time-series and literature on emission factors and developed a
screening algorithm enabling database integration.

2.3 Capturing the Interplay of Changes in the Heat Sector
and the Electricity Sector in LCM Models

Bertrand et al. [8] developed a mixed integer linear programming model for the
regional valorisation of industrial waste heat from manufacturing, energy produc-
tion and waste incineration industries. Using waste heat would save resources and
reduce emissions, as highlighted by the European Union in 2012 with the Energy
Efficiency Directive [9]. By applying their modelling to a case study involving steel
plants as heat sources and industries/towns as sinks, they demonstrated the eco-
nomic profitability of using waste heat for all stakeholders involved.

2.4 Management and Integration of Stochastic Renewables
in LCM Models

A growing share of renewable intermittent electricity such as wind and solar power
leads to a fluctuating feed-in of electricity which might not correspond to electricity
demand in a temporal dimension, leading to regional electricity surpluses. Seier
et al. [10] proposed “temporal electricity purchase shifting” (TEPS) as one possible
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solution to absorb these electricity surpluses. The authors proposed a wastewater
treatment plant (WWTP) as one actor for applying TEPS and demonstrated that
TEPS led to decreased electricity purchase from fossil fuel fired power plants and
reduced CO2 emissions for the WWTP operator.

2.5 Integration of Prospective, Economic, Social and Other
Issues in LCM Models

Løkke et al. [11] carried out a socio-technical investigation of the decision process
in a policy discussion, through critical review of the tools used and the scenarios
developed. This study identified major barriers for the successful application of
LCA to major infrastructure projects, provided learnings on designing scenarios and
conducting LCA of large infrastructures. The authors demonstrated that a critical
design of the LCA can help avoid biased decision-making and proposed
LCA-based guidance for projects characterized by a highly political context.

3 Concluding Comments

This work has pointed out the importance of the integration of methodologies and
modelling for assessing future energy systems. The necessity of using energy
system models in combination with different environmental or social assessment
tools was highlighted, particularly in prospective assessments. The difficulties in the
integration of the results, the lack of data of the emerging energy technologies, the
prospective background databases, the relationships between different energy sec-
tors and the stochastic energy production from renewable energies have been
highlighted as major challenges. The research work being carried out by the pre-
senters in the session contributed toward finding possible solutions to these chal-
lenges and will be crucial to understand and facilitate a smooth energy transition
towards a low carbon economy.
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