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Grounded in the idea of meeting the needs of generations across time, sustainable development bears a close
relationship to the way in which humanity consumes energy. Nevertheless, the historic notion that energy de-
mand growth reflects improved living standards, economic development and prosperity are challenged when
sustainability constraints and the impact on climate change are considered. As a result, a growing body of sci-
entific research is exploring how energy demand can contribute to the energy transition instead of placing it in
peril, by means of greater efficiency, digitalization, connectivity and a holistic approach to planning and man-
agement. Over the years, the Conference on Sustainable Development of Energy, Water and Environment Sys-
tems (SDEWES) has acted as a forum for scientific discourse in this field, shedding light on nuanced discussions
and challenging siloed thinking. This special issue contains a selection of four papers that are focused on smart
energy demand, demand response and decarbonization, presented at the 2021 SDEWES Conference (167

SDEWES Conference held in Dubrovnik, Croatia).

1. Introduction

There are two forces shaping the energy demand of the future - the
one due to the quest for greater efficiency and reduction of primary
energy use and the second due to the quest for smartness and increasing
digitalization. In the socio-economic circumstances of the post-
pandemic world, the need for both of these forces is greatly empha-
sized, as we evidence how energy demand affects the markets, energy
security and the transition to a low-carbon economy. The scientific
literature has shown that adopting a multidisciplinary approach to
dealing with this issue by coordinated management and planning across
energy sectors, in alignment with the smart energy systems concept,
yields greater results in comparison to when solutions are pursued in
isolation. This school of thought has been at the core of Conferences on
Sustainable Development of Energy, Water and Environment Systems
(SDEWES), due to which the Smart Energy journal continues its coop-
eration with the Conference, initiated with the special issue dedicated to
the SDEWES Conferences that took place in 2020. In 2021, the 16™
SDEWES Conference was held in during Dubrovnik, Croatia, where
hundreds of new contributions were presented, out of which, four papers
were included in this special issue of Smart Energy.

2. Smart energy demand for sustainable development
In one of these papers, Wei et al. [1] explores the impacts of building
thermal insulation on the energy-related costs and investigate the ability

of the building to shift its peak demand through time. The investigation
is conducted using dynamic simulations, where the operating set-points
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of the heating system are determined by a multi-objective model pre-
dictive controller seeking to optimize indoor temperature and minimize
total energy costs. Based on the results, the authors conclude that
heavyweight thermal mass provides greater flexibility and find that
insulating houses can simultaneously reduce energy consumption and
shift peak demand. This work is part of a continuous thread of SDEWES
research in the field of demand response in smart energy systems. Past
works on the topic, include Hou et al. [2], where similar findings are
obtained when analyzing the space heating in a university building in
Norway. It is confirmed that using the thermal mass of the building can
act as an effective short-term storage solution for improving the occu-
pants’ comfort. The value of demand response was also the focus of
Capone et al. [3], which determine the optimal combination of demand
shifting and capacity of thermal energy storage in a district heating
system or Dorotic et al. [4], which studies the impact of wind penetra-
tion on optimal power-to-heat capacities in district heating systems.
While many works on demand response discuss the importance of
further investigation of socio-economic considerations, there is a very
limited literature addressing this topic. The reason for this is the diffi-
culty of obtaining information on actual equipment ownership, lifestyles
of occupants, comfort preferences and attitudes for large sets of house-
holds, such as in high rise buildings. This research gap is addressed by
Zhang et al. [5], in a paper of this special issue, which studies the
relationship between the energy demand and the occupancy of a high
rise building in China. The authors survey 112 urban households on
questions related to their lifestyles and energy demand, then simulate
the energy demand of a case-study skyscraper after which they compare
the simulations results to actual energy bills. Their findings show that

2666-9552/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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the variations between the energy demand of households are highly
dependent on the occupancy patterns and lifestyles and stress the
challenge of predicting energy demand, given the stochastic nature of
internal heat gains, equipment set points and window opening behavior.
The non-trivial impact of occupancy behavior on energy consumption
was also highlighted by other SDEWES works in the past, such as [6],
where 160 machine learning-based building occupancy prediction
studies are reviewed or [7], where a deep learning model is applied for
detecting window openings, so as to more effectively manage building
ventilation and reduce space heating demand.

Furthermore, a considerable piece of SDEWES research pays special
attention to energy demand as a key element of long-term modelling and
decarbonization of energy systems, relevant to energy planning [8-10]
and modelling gradual transformations of energy systems [11]. This
special issue presents the work of Hagos et al. [12], which contributes to
the energy planning literature by exploring decarbonization alternatives
of a fishery farm. In their study, the authors touch on three important
questions — (i) decarbonization of the agriculture sector as one
hard-to-decarbonize sector, (ii) decarbonization of islands under lack of
grid access and (iii) dealing with uncertainty. Hagos et al. apply the
TIMES-HINN@YA energy model, as a demand-driven, stochastic opti-
mization model which accounts for different sources of uncertainty,
such as energy storage costs and power grid availability. While the work
focuses on a case study in Norway, the applied methods are relevant for
other similar cases, where the decarbonization of agriculture demand in
areas of weak grid is the prevalent challenge. The findings of [12] are in
line with the past works in the field which highlight that decarbon-
ization of islands should adopt a smart energy systems approach [13]
and that electrification of other sectors, such as transport and heating
maximizes the utilization of renewable energy sources [14].

Finally, in the fourth paper of this special issue, Mauleén [15] pre-
sents a statistical model based on the global population and GDP to
forecast and simulate global energy demand at distant time horizons,
thereby adding new knowledge to previous relevant works such as [16],
which studies the relationship between electricity and economic growth
for long-term periods. In the analysis of [15], Mauledén compares the
obtained forecasts to those of key publications in the literature, showing
that if global energy demand development follows historical patterns, it
could reach levels notably greater than those required for sustainable,
low-carbon development by 2050. Based on these results, in [15], it is
concluded that the energy system transition will require changes of
lifestyles and demand patterns and that the GDP growth paradigm
should likely be replaced by more sustainable metrics, such as the
Human Development Index (HDI). It is worth adding that HDI is only
one of the relevant metrics. Other metrics, such as the Sustainable
Development Goals (SDG) of the United Nations have also been thor-
oughly evaluated in past SDEWES works. Some examples include:
Sebestyén et al. [17], which, based on the data-driven comparative
analysis, suggests that the state-of-progress of each of these goals should
be individually assessed, Gjorgievski et al. [18] which proposes a
methodology for quantification of contributions of climate change
mitigation actions to SDGs, Gusheva at al [19]. which applies that
methodology to quantify contributions of mitigation policies and mea-
sures in waste sector, as well as Gjorgievski at al [20]. which highlights
the contributions of SDEWES science to SD Agenda analysing its linkages
to the relevant SDGs.

3. Conclusion

The papers enclosed in this special issue demonstrate that the Con-
ferences on Sustainable Development of Energy, Water and Environ-
ment Systems continue to be a pillar of support to researchers across the
globe, shedding light on original ideas and chartering new research
avenues for the scientific community working on the energy transition.
The Guest editors believe that these papers will contribute to the in-
cremental knowledge generation process and hope that they will be of
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interest to the readers of the Smart Energy journal.
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