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ABSTRACT

Climate change and energy security issues are prominent challenges in current energy system management,
which should be governed synergistically due to the feedback relationships between them. The “Energy Systems
Management and Climate Change” Special Collection Issue in the journal of Energy Engineering provide insights
into the field of energy systems management and climate change. From an extended perspective, this study
discusses the key issues, research methods and models for energy system management and climate change research.
Comprehensive and accurate prediction of energy supply and demand, the evaluation on the energy system
resilience to climate change and the coupling methodology application of both nature and social science field maybe
the frontier topics around achieving sustainable development goals of energy systems.
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1 Introduction

Climate change and energy security concerns are prominent challenges for energy systems
management currently, and they have a close but complex relationship with each other [1]. On the one
hand, energy systems management is capable to cope with climate change by reducing greenhouse gas
emissions in a significant way. Energy production and consumption, mainly fossil energy aspects, has
produced massive greenhouse gases (GHG), which is central to mitigate climate change. According to
the statistics from the International Energy Agency, the global CO2 emissions from energy combustion
and industrial activities totaled 36.3 Gt, accounting for 89% of all emissions worldwide in 2021
[2]. On the other hand, variable weather patterns and extreme weather events can have a negative
impact on energy supply, demand, and transportation. For example, the climatic sensitivity of biomass,
hydropower, solar and wind power would lower the power production efficiency [3,4]. Climate change
has also influenced energy demand through the changes in heating and cooling demand [5]. In general,
the twin linkages between managing energy systems and combating climate change should be taken
seriously.
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Since there is a feedback relationship between energy systems management and climate change,
the synergistic governance of both systems should be improved. The study takes a starting point in
work presented in the special issue “Energy Systems Management and Climate Change”, published
in the Energy Engineering and puts this work into a broader context. It is expected to review the
deficiencies of the research status and discuss the future research perspectives. Firstly, this study
comprehensively reviews the current researches on energy systems management measurements for
coping with climate change and mitigation practices for the impacts of climate change on energy
systems. Secondly, research methods and models for key issues, such as carbon emission accounting,
energy supply and demand forecasting, and climate change economics research are also discussed.
Finally, the future perspectives are presented towards innovative energy systems management under
the goals of carbon peaking and carbon neutrality.

2 Key Issues for Energy Systems Management and Climate Change Research
2.1 Energy Systems Management for Coping with Climate Change

Energy efficiency improvement, energy structure optimization, carbon sequestration and energy-
related services innovation are the promising perspectives for energy systems management practice.
Firstly, the improvement of energy efficiency can be carried out in fossil energy development, thermal
power generation, industry, construction and electricity demand side. Secondly, the energy structure
can be optimized by increasing the amount of zero-carbon energy and expanding the electrification
level in various industries, such as industry, transport, manufacturing and agriculture. Thirdly,
technical and ecological carbon sequestration are available to reduce carbon emissions. Finally, energy
audit, energy monitoring and carbon emission accounting can be categorized as energy-related (ER)
services. The conceptual framework for energy systems management to address climate change is
shown in Fig. 1.

2.1.1 Energy Efficiency Improvement

Energy efficiency improvement, as a prospective pathway in the short and middle term, is
significant for reducing GHG emissions by minimizing energy losses on both the supply and demand
sides. Energy production efficiency can be promoted by in-situ fluidized mining of deep underground
coal resources, CO2 enhanced oil recovery, ultra-supercritical power generation, and combined heat
and power techniques [6,7]. Industrial process reengineering, green building retrofitting and demand
response programming are the feasible measures for improving energy end-use efficiency [8]. The green
exploration of fossil energy and the deep decarbonization of end-use sectors have become the life-cycle
research hotspots by scholars.

2.1.2 Energy Structure Adjustment

Energy structure adjustment can be achieved by promoting electricity substitution in the con-
sumption sectors and increasing the proportion of zero-carbon energy sources. Numerous countries
have launched renewable energy development plans to achieve the goals of carbon emissions reduction
[9]. In China, the Ministry of Water Resources has proposed to promote the green development
of small hydropower and emphasized that the small hydroelectric power generation with green
certification will be completely purchased by the grid companies [10]. The implementation of solar roof
demonstration programs can realize the effective utilization of solar energy by rooftop photovoltaic
generation technology [11]. From the perspectives of local governments, power generation enterprises
and grid companies, Wang et al. established a conceptual game decision model for the renewable energy
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industry to deal with the dilemma of insufficient willingness to consume renewable energy [12]. Future
requirements for efficient, economical, and complementary energy storage systems will be centralized
on the integration of physical and chemical energy storage techniques [13].

Energy systems management for
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Figure 1: Conceptual framework for energy systems management to address climate change

2.1.3 Carbon Sequestration

Carbon sequestration is divided into technical carbon sequestration and ecological carbon
sequestration. The carbon reduction and sequestration technologies refer to storing and reutilizing
CO2 emitted from the production process, including carbon capture, utilization, and storage (CCUS),
bioenergy with carbon capture and storage (BECCS) and direct air carbon capture and storage
(DACCS). Ecological carbon sequestration means that excess carbon is fixed as organic carbon in the
plants and soil, such as forest carbon sequestration, grassland carbon sequestration, wetland carbon
sequestration and marine carbon sequestration. The current economic status and future development
trends of CCUS technology have been studied and sorted out in detail, and the governmental
supportive policies will have a decisive effect on the maturity, cost reduction and deployment of CCUS
technology [14].



1766 EE, 2023, vol.120, no.8

2.1.4 Energy-Related (ER) Services

Energy audit, energy monitoring and carbon emission accounting can be classified as energy-
related (ER) services [15]. Energy audit is used to strengthen energy management by evaluating energy
consumption for end-use sectors, while energy monitoring can provide enterprises and governments
with effective data to reduce energy management costs and improve energy management efficiency.
Furthermore, carbon emission accounting and its driver analysis can help the emissions producer to
formulate corresponding measures to reduce carbon emissions.

2.2 Alleviating the Impacts of Climate Change on Energy Systems
The vulnerability of the energy system to climate change is mainly reflected in three aspects of

energy supply, energy demand and energy transportation. Table 1 shows the vulnerability and adaptive
measures of energy systems to climate change.

In terms of energy supply, the impacts of climate change on fossil fuel and nuclear power
generation are primarily associated with the generation cycle efficiency and cooling water demand
[1]. And the offshore oil and gas production facilities are also vulnerable to extreme events. Compared
to fossil energy generation, renewable energy generation is more influenced by climate conditions, such
as rainfall, wind speed, river runoff and extreme weather events.

The impact of climate change on energy demand is mainly manifested by changes in the demand
for heating and cooling. For example, rising temperatures will reduce heating demand and increase
cooling demand. Moreover, the changes in cooling demand are more pronounced and uncertain than
heating demand, which has posed the challenge for future energy demand forecasting [16].

For energy transportation, climate change can disrupt the transportation and distribution of
electricity, oil, gas and other fuels. Exposed transmission lines and pipelines can be destroyed by
hurricanes, snowfall and landslides, which can increase energy costs. The oil and gas pipelines
constructed in permafrost areas will be vulnerable to destruction due to melting permafrost in the
warming climates. Waterborne energy transport channels may be affected by the falling water levels
as a result of reduced precipitation or blocked by excessive precipitation and frozen water [17].

Table 1: The vulnerability and alleviating measures of energy systems to climate change

Energy sector Possible impacts Alleviation measures Ref.

Energy supply Fossil energy and
nuclear power
plants

Increasing temperature
makes the power
generation cycle
inefficient

Siting at locations with
cooler climates

[1]

Reduced cooling water
results in lower power
generation efficiency

Circular cooling
technology; Siting at
locations with high
rainfall or rarely dry
climate

[18]

(Continued)
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Table 1 (continued)

Energy sector Possible impacts Alleviation measures Ref.

Offshore oil and gas
production facilities are
vulnerable to damage
from extreme events

Siting away from areas
with frequent severe
weather; Building high
concrete walls and dikes
to block or direct
floodwaters away from
critical constructions

[19]

Renewable energy River runoff and
seasonal flows affect
hydropower generation

Building additional
storage capacity;
Improving turbine
runner capacity

[20]

Varying wind speeds
affect power generation

Site selection [1]

Increasing temperature
changes the efficiency of
photovoltaic (PV) cells

PV cell cooling
technology; Site selection

Temperature, rainfall,
CO2 concentration and
extreme weather events
(e.g., drought, frost)
influence biofuel
production

Restoring damaged
ecosystems;
Implementing
sustainable land
management

[21]

Extreme events damage
power generation
facilities

Increasing storage
capacity; Power
generation technology
portfolio

[22]

Energy demand Heating and
cooling demand

Increasing temperature
can reduce heating
demand and expand
cooling demand

Demand side
management; Adding
building insulation
design; Installing rooftop
PV system

[23]

Energy
transportation

Oil and gas
transmission
pipeline

Melting permafrost
destroys pipelines

Adjusting design
standards; Designing
mitigation plans

[1]

Flooding from heavy
rainfall or sea level rising
can cause pipeline leaks
or damage

Site selection; Adding
waterproof design

[1]

(Continued)
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Table 1 (continued)

Energy sector Possible impacts Alleviation measures Ref.

Grid lines Rising temperature
increases transmission
line losses

Including increasing
temperature in the design
calculation for maximum
temperature/rating;
Adding external coolers
to transformers;
Increasing system
capacity

[1]

Extreme weather damage
to overhead lines and
towers

Improving design
standards; Rerouting
lines alongside roads or
across open fields;
Improving forecasting of
extreme weather

[1]

Waterborne energy
transport

Dropping water levels
lead to transportation
disruptions

Enhancing the
construction of water
transportation facilities

[17]

3 Methods and Models for Assessing Sustainability of Energy Systems and Climate Systems

Research methods and models for energy supply and demand projections, correlation analysis
between economic development and carbon emissions, carbon emission accounting assessment and
climate change economics are efficient and powerful for assessing the sustainability of energy systems
and climate systems, as shown in Fig. 2.

3.1 Forecasting Methods for Energy Supply and Demand
The forecasts of energy supply and demand are the theoretical foundation for optimizing the

structure of energy production and consumption to cope with climate change, and an important basis
for the government to formulate long-term energy development planning. The existing forecasting
methods are divided into statistical, computational intelligence (CI), mathematical programming (MP)
and hybrid methods [24]. The statistical methods include regression analysis, time series methods,
autoregressive conditional heteroscedasticity (ARCH) methods and so on [25]. The computational
intelligence methods include machine learning methods, knowledge-based methods, grey prediction
and metaheuristic methods. The hybrid method is the combination of different independent methods,
such as artificial neural network-autoregressive integrated moving average model (ANN-ARIMA),
and cooperative ant colony optimization-genetic algorithm (COR-ACO-GA). Three cases of Iran’s
annual demand for electricity, gas and oil are used to validate the COR-ACO-GA model, and the
conclusion was drawn that the hybrid model is more accurate than ANN and adaptive neuro-fuzzy
inference systems [26]. Research objectives and complexity are the key determinants in the selection
of forecasting methods.
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Figure 2: Methods and models for assessing sustainability of energy systems and climate systems

3.2 Correlation Analysis of Economic Development and Energy-Related Emissions
The low carbon development of economy and society has been a core issue for the sustainable

development of the global energy and climate systems [27,28]. And how to decouple economic
development from energy consumption and carbon emissions has been widely discussed by scholars.
Liu et al. investigated the effect of greenization on the marginal utility of carbon intensity by using
the integrated index method and regression analysis, and concluded that the urbanization level and
technological development slowed the reduction in the marginal utility of carbon intensity [29].
Song et al. employed principal component analysis and the coupling coordination degree model to
analyze the development level of industrial coordination in the Bohai Rim Economic Circle, and
demonstrated the negative correlation between industrial coupling coordination and carbon intensity
using the Pearson correlation test [30].

3.3 Carbon Emission Accounting Assessment Model
Carbon emission accounting is the basis for evaluating the current state of carbon emissions and

formulating low-carbon development strategies. Numerous factors impact carbon emissions, including
energy intensity, economic structure, population, and existing technical conditions. Besides, the spe-
cific mitigation measures will also impact how many reductions by GHG. The main methods of carbon
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emission accounting are the absolute emissions approach, life cycle assessment approach, marginal
emissions approach and pinch analysis approach, and time-varying carbon intensity approach [31].
The time-varying carbon intensity approach was employed to examine the temporal and spatial GHG
emission intensity of the Chinese power system [32]. Gong et al. employed the expanded Kaya method
to account for energy-related carbon emissions from primary, secondary, and tertiary industries in
Shandong Province, and put forward suggestions to further optimize the energy structure and improve
energy efficiency [33].

3.4 Climate Change Economics Model
Climate change is a complicated collection of political, economic, environmental, as well as ethical

issues, rather than the simple scientific issues of past decades. Relevant research must therefore be
interdisciplinary and multidimensional. The most widely known model for climate change economics
is integrated assessment modeling (IAM). There are many kinds of IAMs, including optimization
models, computable general equilibrium (CGE), and simulation models. The optimization models can
be divided into welfare maximization models and cost minimization models according to the objective
function, whereas the dynamic integrated model of climate and economy (DICE), climate framework
for uncertainty, negotiation, and distribution (FUND), regional integrated model of climate and the
economy (RICE) belong to the welfare maximization models [34]. And the integrated model to assess
the greenhouse effect (IMAGE) and the global climate model (GIM) are included in the simulation
models. Moreover, IAMs should be established based on the economic level, carbon emissions, and
data availability of different countries and regions.

4 Conclusions and Perspectives
4.1 Conclusions

The studies of energy system management and climate change are the future of the energy
and climate systems due to increasingly vulnerable energy systems and increasingly harsh climate
conditions. With articles published in special issues as a starting point, this study discusses key issues
and assessment methods and models in research on energy system management and climate change.

• Considerable investigations on energy system management and climate change have revealed
that the studies concentrate on energy systems management measurements for coping with
climate change and mitigation practices for the impacts of climate change on energy sys-
tems. Energy efficiency improvement, energy structure optimization, carbon sequestration and
energy-related services are the promising perspectives for energy systems management practice.
And the vulnerability of energy systems towards climate change requires a three-pronged
approach to energy supply, energy demand and energy transport.

• Coupling research methods and models of energy, economy and carbon emissions have been
the focus of research on energy system management and climate change. The improvement of
existing methods and tools helps to overcome the complexity of research in this field and drive
the energy system and climate system toward decarbonization and sustainability.

The topic of “Energy Systems Management and Climate Change” has received wide attention
by academic journals. Energy Engineering has released a special issue named as “Energy Systems
Management and Climate Change” in 2020. The newly built journal Carbon Neutrality also polished
its first issue for declaring the target for a net-zero carbon future. With the intensive attention on
carbon neutrality, the newly special issue “Innovative Energy Systems Management under the Goals
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of Carbon Peaking and Carbon Neutrality” requires valuable submissions from researchers around
the world.

4.2 Perspectives
The researches on energy system management and climate change have established a scientific

research framework to connect their complex feedbacks. It is an interdisciplinary task aimed at the
comprehensive and accurate prediction of energy supply and demand, the evaluation of the energy
system resilience to climate change and the coupling methodology application of both nature and
social science field.

• A powerful and adaptive energy supply and demand prediction is essential for modelling the
dynamic equilibrium between energy systems and climate change. The field of climate change
economics considers the range of numerous decades or several centuries while energy supply
and demand prediction will be faithful in a medium and short term. The uncertainties in
climate change impacts and the prediction for energy supply and demand require a timely
scenario analysis with the dynamicity in energy reserve, economic development and political
instability, etc.

• The research on the adaptation of energy systems to climate change is relatively inadequate.
Numerous studies have focused on how to cope with climate change through carbon emissions
reduction by energy system adjustment. This aspect is of significance in controlling the basic
causes of climate change. The impacts of climate change on energy systems, however, should
be highly emphasized because of the increasing penetration of climate dependent renewables in
the energy mix. Thus, vulnerability assessment is necessary to build a climate-resilient energy
system and the fairness and effectiveness of climate change adaptation and mitigation actions
should be considered with measurable responsibility.

• The strong characteristic of interdisciplinary requires the coupling applications of various
social and nature science methods. Climate change is caused by social transformation and
discussed in atmospheric science and biochemistry. The nature, underlying causes or impacts of
climate change should be analyzed by integrating multiple methods. The coupling application
of methods for energy development planning and climate change integrated assessment models
will become the focus of future climate change modelling.
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