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Introduction
Climate concerns present a complex challenge for policy-makers, as decisions taken today can have lasting
impacts on the future of the planet. This is particularly
relevant when discussing the development of energy
systems, where the pressing need to reduce greenhouse gas (GHG) emissions requires a deep decarbonization of the system. The climate targets of the
Paris Agreement show that the green energy transition
requires a novel scope and scale compared with past
developments, passive measures no longer being
enough to reach climate targets: the active decarbonisation of energy systems is required.
Due to the rapid pace of technological development,
energy systems of the future will hardly resemble
those that exist today at all, whether in terms of the
technologies they use, the flexibility of their sources or
the way they are operated. The development of new
markets for energy and energy services, digitalization,
novel technologies for energy generation and storage
and the smarter operation of assets are only some of
the drivers that will challenge policy-makers and planners into taking decisions requiring a fundamentally
different approach compared to previous strategies for
energy-system development.
In this context, the modelling of future scenarios has
become an extremely significant tool in planning for the
transition to renewable energy. In general, scenario analysis is a tool that helps in taking a long-term view in a world
of great uncertainty by describing hypothetical possible
futures and their corresponding pathways (Schwarz 2012).
Beyond the characteristics they have in common, in the
context of energy scenarios it is relevant to divide them
into three categories: predictive, explorative, and anticipative (Dannemand and Rasmussen 2014). These different
categories are linked to the research question that the
scenarios attempt to answer, and therefore care must be
taken to ensure an appropriate fit between the conclusions taken from a scenario and type of scenario used.
Predictive scenarios aim to describe the most plausible future, utilising the current context and observed
trends. Predictive energy scenarios are often used
when describing the expected evolution of an energy
system if current policies are maintained in what is
called a ‘business-as-usual’ scenario.
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Explorative scenarios not only take into account the
current context, they also aim to explore a series of
possibly uncertain futures based on different assumptions, usually rooted in a qualitative but occasionally
also quantitative assessment of different drivers. One
example is exploring the effects of different possible
policy measures on the evolution of the energy system
and on climate, where the policies are determined by a
qualitative assessment of possibilities, and the modelling provides a quantitative assessment of the effects
of their implementation.
Anticipative scenarios (also called ‘normative scenarios’) work in a different direction, that is, by establishing
a future definitive vision and working backwards to
identify one or more pathways that can connect the
existing context with the selected future scenario. As a
result, they do not identify the effects of specific decisions today, but instead provide information on which
decisions need to be taken to achieve a specific future
state. In the field of energy, one of the most typical
uses is to identify which policies need to be taken in
order to achieve specific targets, for example, limiting
global warming below 1.5°C.
The main objective of long-term energy-planning models is to deliver support to strategic, operational and
political decisions for future energy systems (IRENA
2019). In this manner, the effects of existing policies can
be analysed, the effects of introducing new policies can
be estimated, and new policies can be drafted in order
to achieve a specific target.
Policy ambitions for energy transition in
China and Denmark
China
China is focusing on building an energy system for the
future, a development that will address the issues of
energy security, energy efficiency and the promotion of
a clean energy supply.
China has the ambition to develop an ‘ecological civilization’ as its main characteristic by 2035 to 2050. The
concept of ecological civilization, which was written into
the Chinese constitution in 2018, seeks to complement
the three core dimensions of the concept of sustainable development – the environmental, economic and
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social dimensions – with specific features of Chinese
political civilization, aspects of Chinese governance and
core elements of the country’s sustainable economic
development agenda (Kuhn 2019).
China has committed itself to the Paris Agreement
and the targets to avoid dangerous climate change by
keeping global warming to well below 2°C and pursuing
efforts to limit it to 1.5°C. Its current Nationally Determined
Contributions (NDCs) are committed to having CO2 emissions peak at the latest by 2030, to reach a non-fossil-fuel (i.e. renewables and nuclear) share of primary energy
consumption of 20% (calculated by the special Chinese
coal consumption substitution method (Lewis et al. 2015)),
and to reach a reduction in carbon intensity of 60-65% by
2030 compared to 2005 (NDRC 2015). However, these
targets are nowhere near sufficient to reach the goals of
the Paris Agreement (Climate Action Tracker 2019).
At the 19th National Congress of the Communist Party of
China in 2017, President Xi Jinping confirmed that China
would promote revolutions in energy production and energy consumption, in the development of energy technology and in forging a holistic energy system while at
the same time strengthening international cooperation
to ensure energy security, including access to energy
resources (Jinping 2017). The country’s plans emphasize
shifting economic development from high growth to
high-quality growth, a paradigm shift that also applies to
the energy sector. Prompted by important milestones in
2020, 2035 and 2050, China aims to develop a ‘clean,
low-carbon, safe and efficient energy system’ (The 13th
Five-Year Plan for Economic and Social Development of
the People’s Republic of China 2015).
Denmark
Denmark has a history of a high level of ambition in
de-fossilising its energy sector, with a heavy emphasis
on building up a supply of renewable energy, aggressive
energy-efficiency measures and a focus on developing
specific technologies (as exemplified by its leading the
way in developing offshore wind), while maintaining a
constant view regarding sector coupling (Ropenus and Jacobsen 2015), that is, exploitation of the synergies created
by integrating operations and planning across sectors (as,
for example, heat and power). Despite this extensive history, the country has increased and renewed its ambitions
to decarbonize Danish society further.
In 2019, Denmark passed a new Danish Climate Act
(Aftale Om Klimalov 2019). This Act is the first legally
binding piece of climate legislation, which introduces
the goals of reducing GHG emissions by 70% by 2030
compared to 1990 and of achieving carbon neutrality by 2050. This is an extremely ambitious strategy
since, as of 2020, emissions have been reduced by
38% compared to the baseline of 1990, meaning the remaining 32% need to be abated in the coming decade.
Consequently, to achieve the Climate Act’s targets,
Denmark must reduce its carbon emissions at a rate
much higher than yet seen.

According to analysis carried out by the Danish Council
on Climate Change, this 70% reduction in GHG emissions, while ambitious, is fully necessary if Denmark is
to play its part in limiting the rise in global temperatures
due to climate change to below 1.5 degrees C. In line
with this necessity, it must be understood that such a
broad and ambitious transition will come with associated economic costs. Nonetheless, analysis shows that,
by implementing measures to achieve the 70% GHG
emissions reductions target in a cost-effective manner,
the goal can be achieved while maintaining associated
costs below 1% of Denmark’s GDP over the next ten
years, compared to a ‘business-as-usual’ scenario.

Energy scenarios for China
China’s energy planning is mainly related to the preparation of national and provincial five-year plans. The
five-year plans set targets for the development of the
energy system for the next five years, including specific
targets for power-supply capacity, share of non-fossil
fuels, etc. (National Energy Administration 2016). In a
scenario context, the five-year energy plans work as a
combination of a prediction and a (mandatory) anticipation (Nielsen and Karlsson 2007), for which the targets
are minimum aspirations for the planned development.
The longer-term planning is dealt with by energy strategies, for example, (NDRC 2017). The energy strategy
has a time horizon to 2030 and it is based on the same
methodology as the five-year energy plan, with targets
for key indicators and policy measures to implement
the development. Compared with the five-year plan,
the targets are less binding. Neither the five-year plans
nor the energy strategies are completely supported by
quantitative and comprehensive scenario analyses.
In general, sophisticated energy system-specific models
for China are relatively few and recent (CNREC 2018, p.
346). These models have mainly been developed by
universities, think-tanks, research institutes and energy
sector-owned institutions (CNREC 2018, pp. 346–348;
Lawrence Berkeley National Laboratory 2020).
CREO scenarios: Methodology, assumptions,
and main results
Since 2011, the Energy Research Institute of the NDRC
(ERI) and the China National Renewable Energy Centre
(CNREC) have developed an energy model for a tool for
holistic and quantitative analyses of the future development of the Chinese energy system. The models have
been developed in close collaboration with the Danish
Energy Agency, the US National Renewable Energy
Laboratory, and other international partners.
The energy-system modelling tool consists of interlinked models covering the energy sector of Mainland
China. The END-USE model, based on the Long-range
Energy Alternatives Planning (LEAP) model, uses bottom-up analyses for Agriculture; Construction; Residential, Commercial and Government Buildings; Industries;
and Transport. These sectors are further divided into

Chapter 3 / Energy scenarios and policies

/ 25

relevant subsectors. The goal of the analysis is the primary energy demand of these sectors and subsectors.
End-uses are driven by assumed developments in key
activity levels specified for each subsector. These are
physical or behavioural drivers specific to the subsector,
or the subsector’s economic value-added when no other
driver is available. Transformation and resource activities,
apart from district heating and power, are also covered
by LEAP, including upstream refinery activity. Power and
district-heating sectors are modelled in EDO (Electricity
and District-heating Optimization).
The EDO model is a fundamental model of power and
district-heating systems, built on the Balmorel model
(Wiese et al. 2018).The power system is represented at
the provincial level, taking the interprovincial grid constraints and expansion options into account. The model
includes thermal power (including CHP), wind, solar
(including CSP), hydro, power storage, heat boilers,
heat-storage facilities, heat pumps, etc. It also covers
demand-side flexibility in industry, options for charging
electric vehicles and the option of a fully integrated
coupling with the district-heating sector. The model can
represent the dispatch in the Chinese power system
on an hourly basis, taking into account the technical
limitations of thermal power plants and interprovincial
exchanges of power, as well as the dispatch in provincial, regional or national markets for power, based on
least-cost marginal price optimization. Its key characteristics are related to the detailed representation of the
variability of load and supply (e.g. from VRE sources),
as well as flexibility and flexibility potentials, which can
operate optimally and be deployed efficiently in capacity-expansion mode.
The results from the two models are combined in an
integrated Excel-based tool, which provides an overall
view of the energy system, combining fuel consumption from the power and heating systems from EDO
with direct consumption by end-use sectors and other
transformation sectors from LEAP (CNREC 2019, p. 14).
The energy model is used to prepare long-term energy
scenarios to illustrate how China can transform its energy system into a clean, low-carbon, safe, energy-efficient,
and cost-efficient system by 2050. These scenarios are
analysed and presented in the yearly China Renewable
Energy Outlook Report (CNREC 2019) from Energy
Research Institute in the form of two main scenarios: the
Stated Policies Scenarios and the Below 2°C Scenario.
The two scenarios represent two different scenario
methodologies, the predictive and the anticipative
(Nielsen and Karlsson 2007). The predictive scenario,
called the ‘Stated Policies Scenario’, shows what the full
and firm implementation of energy-sector and related
policies announced in the 13th Five-Year Plan and at the
19th Party Congress would look like in the long run. The
central priority is the effort to build a clean, low-carbon,
safe and efficient energy supply. The scenario also
envisages the NDC climate emissions target peaking
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before 2030, the effects of the Blue-Sky Protection
Plan, aspects of the Energy Production and Consumption Revolution Strategy, and the National Emissions
Trading Scheme. In aiming to achieve the 2050 timeline, policy trends are extrapolated to set appropriate
policy drivers (Zhongying and Sandholt 2019).
The anticipative ‘Below 2°C Scenario’ sets out the road
for China to achieve its ambitious vision for an ecological civilization, a goal included in the Chinese constitution since 2018, and a clean, low-carbon, safe and
efficient energy system, and to illustrate the role China
could play in fulfilling the Paris Agreement. The main
driver is a hard target for energy-related CO2 emissions
through a strategy with renewable electricity, electrification, and sectoral transformation at its core. The target
is set at a total of 200 million tons of energy-related
CO2 emissions between 2018 and 2050.
The model results indicate a cost-effective pathway for
the building of China’s ecological civilization, driven by
the large-scale deployment of a green power supply,
wide improvements in energy efficiency to drive down
overall energy demand and electrification as well as
market reforms. These pillars of the energy revolution
show that, according to the Below 2°C scenario, by
2050 the Chinese energy system may have a share
of non-fossil fuels of 65%, based on an electrification
rate of 66%, and up to 35% lower costs of power, while
achieving a GDP in 2050 that is 4.2 times the GDP in
2018.
Key policy measures for the energy transition in China
The scenario analysis in the China Renewable Energy
Outlook 2019 (CNREC, 2019) sets out a clear threepoint strategy for the energy transition in China: 1) energy efficiency in end-use sectors; 2) electrification of
key sectors (industry, transport, buildings); and 3) green
energy supply, based on wind and solar power. This
strategy is backed by the following key policy drivers:
•

Promotion of renewable energy

•

Coal control

•

Promotion of energy-efficient measures

•

Development of efficient power markets

•

Power-system flexibility

•

Carbon-pricing and efficient carbon control.

In the near term, the scenario analysis provides specific
key recommendations to policy-makers to achieve a
cost-effective energy transition that will not undermine
the growth of the Chinese economy but will move away
from the requirement for heavy subsidies for renewable
energy. The 2019 version of the report highlights the
need to go from an energy transition to an energy revolution in order to build the ecological civilization, as well
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Deep dive on waste as case
The broader modelling of the Chinese energy system, as done in, for example, the China Renewable
Energy Outlook, is capable of informing and being
informed by deeper sector- or technology-specific
analyses. One example is the analysis of waste
management and energy generation carried out by
Shapiro-Bengtsen et al. (2020).
Using waste fractions in modern energy facilities addresses waste management problems while providing energy services. For example, waste incineration
reduces the need for landfill and contributes heat
and power to the energy system. In respect of municipal solid waste (MSW), resource availability is the
key to planning sufficient treatment capacity. China
has gone from treating two thirds of collected MSW
to treating 99% in just ten years (MoHURD, 2020).
Some of this has been due to extensive investments
in MSW incineration (MSWI) capacity, and China is
well on its way to reaching its 2020 target of being
able to incinerate 216 Mt of MSW nationally (NDRC
& MoHURD 2016). In 2018 China’s MSWI capacity
increased by 22% compared to the previous year, resulting in 45% of the collected 228 Mt of MSW being
incinerated (MoHURD 2020). However, investments
in treatment capacity must be in line with the MSW to
be treated. As these are long-term investments, longterm scenarios can help guide decisions. Even in the
short term, there is a risk of provinces over-investing
in MSWI capacity (Shapiro-Bengtsen et al. 2020).

as stressing the importance of the 14th Five-Year Plan for
2021-2025 in accelerating the energy transition. Key recommendations for the 14th Five-Year Plan period are:
•

•

•

Set ambitious but realistic end-targets for the
period: achieve 19% of non-fossil energy by physical energy content, target a reduction of energy
intensity of actual GDP by 21%, and reduce CO2
emissions targeting a reduction of real GDP CO2
intensities of 27%.
Leverage the cost reductions in wind and solar
and scale up the pace of RE installations, including
averaging annual additions of wind 53 GW and
solar 58 GW.
Ensure supporting RE policies, such as strong RE
purchasing requirements, after the transition from
subsidy to market prices. This could be achieved
through an extension to the quota system or the
facilitation of green PPAs.

Based on econometric analysis, Shapiro-Bengtsen
et al. (2020) have projected mixed MSW and sorted
food-waste development, using urban population
and household income variables and setting out policy scenarios for the provinces extending to 2050.
Increasing the sorting of waste is in line with the
vision of China as an ecological civilization that
makes efficient use of its resources. Sorting of MSW
has already started in several cities, one of them
being Shanghai, which has shown positive results
(Huanbao 2020). With more food waste being sorted out of general waste, the levels of mixed MSW
should decline, while the lower heating value (LHV)
of mixed MSW should increase. The LHV of Chinese MSW is typically not high enough to sustain
combustion and is therefore often co-fired with coal
(Guo et al. 2018). If food waste were to be separated
from mixed MSW, the need for co-firing with coal
could be eliminated in five years (Shapiro-Bengtsen
et al. 2020). These sorting schemes are therefore
most relevant to include in planning for waste treatment capacity. More sorting puts pressure on other
treatment facilities, as the sorted food waste should
be treated in, for example, anaerobic digesters. If
the extensive investments in MSWI capacity were
to continue while China is increasing its resource
efficiency, there is a risk of the country becoming
locked-in to incineration, where sorting and specialized treatment of MSW fractions is not encouraged.

•

Internalize fossil fuel damage and/or abatement
costs through the refined ETS mechanism.

•

Pursue electrification with a focus on industry to reduce coal consumption and transport as a counter
to the growing consumption of oil products.

•

Avoid new coal-power plants and conduct orderly
prioritized closures of inefficient plants and coal
mines.

Energy scenarios for Denmark
Scenarios for different developments of the energy
sector are a large part of the discussion of the future
of the Danish energy sector and have been for many
years. Scenario creation is not limited to government
agencies, but also covers universities, organizations,
independent counsels, sector partnerships and system
operators providing their views on possible developments and recommendations for the entire energy
sector in whole or in part.
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To create a baseline, and as part of Denmark’s National
Energy and Climate Plan to be submitted to the EU, the
Danish Energy Agency annually prepares Denmark’s
Energy and Climate Outlook (DECO) with inter-ministerial support (Danish Energy Agency 2019). DECO
consists of a technical assessment of Danish energy
consumption and production, GHG emissions and their
evolution up to 2030 from a frozen-policy perspective, that is, with no new policies being introduced. The
purpose of DECO is to describe where Denmark stands
and what challenges it faces in meeting its energy and
climate obligations and policy targets. It is therefore an
important planning tool in setting Danish energy and
climate policy, as well as an important reference for
assessing the impacts of new policy initiatives.
The overall picture shown in DECO 2020 was that,
under the current set of policies, Denmark’s GHG
emissions are expected to be reduced by 44% in 2030
compared with the UN base year of 1990.
However, the Danish Climate Act of 2019 (Aftale Om
Klimalov 2019) sets a legally binding target to reduce
GHG emissions by 70% by 2030. As part of the Act,
the Danish Council on Climate Change (an independent council) must present its professional assessment of whether the initiatives in the Danish government’s annual Climate Action Plan are sufficient
to reduce emissions (Danish Council on Climate
Change 2020).
In its scenario for a 70% reduction in GHG emissions,
the Danish Council on Climate Change proposes a
large package of sector-specific instruments paid for
by a tax on GHG emissions. They also emphasize that

Denmark will not reach the 70% target without pursuing new and less well-known parts of the transition,
specifying CO2 capture and storage, transport and
agriculture as crucial in reaching the target.
As part of the Climate Action Plan, the government has
created thirteen joint private-public climate partnerships,
each representing a sector. The partnerships have now
presented their initial recommendations to the Danish
government on how to reach the 2030 target, which, as
with other energy scenarios, is part of the ongoing political discussions for the Climate Action Plan.
Another relevant scenario analysis for Denmark is the
Power and Gas Sector Outlook for Infrastructure Planning (PGSO-IP), prepared annually for use by Energinet
(the Danish Power and Gas Transmission System
Operator) as a basis for Energinet’s planning of the
Danish power and gas infrastructure. The PGSO-IP describes developments in the Danish energy system up
to 2040. It is based on the best and, as far as possible,
most robust hypothesis regarding developments in the
energy system so as to safeguard against systematic
under- as well as over-investment in the transmission
grid, both of which would cost society more compared
with the appropriate level of development (Danish
Energy Agency and Energinet 2018).
The PGSO-IP describes how a long-term green transition might unfold, so it encompasses any additional
measures needed for this development to happen.
Therefore, while in the short term the methodology is
similar to that utilized by DECO, the modelling of later
years is based on Danish policy commitments and the
targets laid down by the Danish Climate Act and Energy

Deep dive into the gas case
Large shares of variable renewable energy will
need to be integrated to meet the targets of the
Paris Agreement (IPCC 2019; UNFCC 2015). This
integration will require increased flexibility in energy
systems in terms of consumption, storage, transmission, and generation. To facilitate this, sector
coupling between the power, heating, industry and
transport sectors can assist in achieving low-cost
solutions (Brown et al. 2018). A recent Danish
research project, FutureGas, has analysed how Denmark can achieve ambitious climate targets in the
future with sector-coupling of the above-mentioned
sectors and with a focus on the role of gas (Münster
et al. 2020). Three GHG emission scenarios have
been analysed: Early Sprint reaching 375 Mt CO2eq
by 2050, Marathon reaching 435 Mt CO2eq, and
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Late Sprint reaching 708 Mt CO2eq. All three
scenarios achieve climate neutrality by 2050 and
have similar costs for a system using between 400
and 650 PJ fuel per year (see Figure 1). The analysis
was performed with the linear optimization model
TIMES-DK (Balyk et al. 2019) for all GHG emissions
in Denmark, and the results were soft-linked to
Balmorel (Wiese et al. 2018) modelling the power,
heating and process heat sectors in Denmark, as
well as the power and district heating sectors in
neighbouring countries, thus facilitating the optimization of investments and electricity transmission
between countries. Both models perform least-cost
optimization of investments and operation. Modelling assumptions can be found on the project’s
homepage (www.futuregas.dk).
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Figure 1 Potential fuel consumption in Denmark in 2020-2050 in the Early Sprint (ES), Marathon (M) and Late Sprint (LS) scenarios..

Agreement1. It is important to stress that the power
and gas sector outlook has been prepared specifically
to provide Energinet with the best possible basis for
grid-planning, investment decisions, security of supply
analyses, etc.
Broader scenarios are, once again, supported by
deeper sector-specific analyses, such as the analysis
carried out for the gas sector by the FutureGas project,
described as an example in this chapter.
Figure 1 shows high shares of wind, which, together
with solar PV, is the main source of power. District
heating (which is assumed to continue constituting
around two thirds of the demand for heating) is mainly
produced from electricity (one third), excess heat from
industry (one third) and the incineration of municipal
solid waste (MSW) (one sixth). The last part of the
demand for heating is supplied as individual heating, which is found to shift mainly towards electricity
consumption using heat pumps. Process heat and
transport are the two sectors that are most difficult to
decarbonize. Process heat is mainly produced using
gas and solid fuel. The transport sector shifts to electric
and hybrid vehicles but also uses oil and biofuels for
heavy transport. Substantial shares of electrofuels
utilising hydrogen can be found in 2050 (around one
third of demand) if production of fuels for international
travel (aviation and ships) is included and imports of
biomass and biofuels are restricted or expensive.

For most scenarios, the demand for gas falls by 2050,
but may increase in an intermediate period if low caps
on CO2 and low fuel prices prevail as in the Late Sprint
scenario. Gas is mainly used for process heat, but
it also provides flexibility for the power and heating
sectors. When including the option of carbon capture
and storage, some natural gas is kept in the system,
but local resources are available to cover the full consumption using green gases such as biomethane from
upgraded biogas. In the transport sector, green gases
are mainly used as a feedstock for the longer-term
production of liquid bio-/electrofuels.
The scenario results illustrate how ambitious climate
targets with high shares of wind and electrification and
with low additional costs can be achieved if the synergy potentials available from sector coupling are utilized
in smart energy systems linking the power, heating,
industry and transport sectors.
Key policy measures for the energy transition in
Denmark
On 22 June 2020, the Danish government announced
the Climate Agreement on the Energy Sector and
Industry (Klimaaftale for Energi Og Industri Mv. 2020,
2020), which sets out an initial set of specific policy
initiatives to implement the targets laid down in the
Danish Climate Act, with recommendations from the
(Danish Council on Climate Change 2020).
Denmark will use two tracks to accomplish this goal:
1.

1 For example, Denmark’s National Energy and Climate Plan related to the
EU Climate and Energy Package and the Winter Energy Package.

The implementation track, where known and
already commercially available measures and technologies see wider adaptation and use.
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2.

The development track, where new technologies
are developed and quickly implemented as soon
as they fulfil expectations regarding their costs and
effectiveness.

The implementation track will apply climate technologies to all sectors of the Danish economy. Previous
climate strategies, as in most other countries, have
focused on energy use and energy production. The
new climate strategy aims to transform the methods
currently used in transport, farming, industry and more
by developing more effective policies to ensure the
broad and swift application of existing solutions that
have not yet been completely implemented. One of
the major areas of transformation is agriculture, which
has previously been ignored in climate strategies, but
is expected to produce 25% of the accumulated GHG
emissions in 2030 (Danish Energy Agency 2019).
The technological advances and improvements to
processes to combat climate change are improving
rapidly. These developments should not be ignored, but
nor will Denmark place all its hopes in futuristic technology scenarios that may not ever bear fruit. Some
examples of technologies being considered are the
broad deployment of Power-to-X in conjunction with
a dedicated energy-island project in the North Sea, as
well as various energy-storage methods.
The strategy looks at technologies and methods that
are in their commercial infancy, but which are likely to
be implemented within the next decade. Quite possibly
some of these will never be commercially viable, so the
strategy takes this into account by suggesting more
methods than needed and weighing them in terms
of the probability of their implementation. Thus, the
strategy can afford several of these technologies and
tactics faltering without the 70% reduction goal being
compromised.
A delicate balance must therefore be achieved between developing new promising technologies, ensuring the efficient deployment of existing solutions and
retaining awareness of the social costs associated with
the energy transition. As presented in the Climate Act
(Klimaaftale for Energi Og Industri Mv. 2020, 2020),
offshore wind will be a main technology, particularly
in connection to the energy islands project described
in the agreement. It is essential that, in planning the
further siting and development of specific technologies
such as offshore wind, social acceptance costs are considered as part of the planning exercise (Hevia-Koch
2018; Hevia-Koch and Klinge Jacobsen 2019).

Comparison of and lessons learnt from scenario-planning and policy-making in China
and Denmark
‘Long-term energy scenarios provide crucial guidance
on energy transition pathways. These projections analyse the socioeconomic and environmental benefits of
sustainable energy policies and investments. They can
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play a central role in informing short-term COVID-19
crisis responses, designing mid-term green recovery
policies, and promoting long-term resilience, energy
security, justice, job creation, and sustainability in the
energy sector. Strengthening the capacity within governments to develop and understand energy scenarios
aligned with the Paris Agreement is essential for better
decision making’. This is one of the main findings from
the UN report on the sustainable development goals in
the time of Covid-19 (United Nations 2020).
Looking at scenario-planning in China and Denmark, it
is clear that comprehensive energy system scenarios
exist in both countries, but also that their respective
governments do not use scenario-planning as a key
policy-making instrument. The comprehensive scenario
analyses are often carried out by universities, thinktanks and organizations outside government and are
often used to inform policy-makers about development
pathways, but in the actual decision-making, simpler
analyses and predictions are used as basis for the
decisions. While in Denmark, high-quality scenarios are
used as part of the government analysis for policy development (Danish Energy Agency 2019), the potential
for expanding the horizon and scope of these scenarios, as well as their relevance in the policy-making toolkit, is vast and of great relevance due to the high levels
of ambition regarding climate and energy.
China and Denmark both have clear, long-term visions
for a deep-energy transition, and both countries could
benefit from a more advanced use of energy scenarios
to explore possible development pathways and also to
analyse the anticipated pathways to fulfil the long-term
visions. Especially when the solutions include new
technologies and system configurations which are
still in the development phase, it would be useful to
give more attention to different pathways with different assumptions regarding the pace of technological
innovation.
Looking at the overall energy-policy strategy, China
and Denmark have several similarities. In both countries, a sustainable policy strategy would include strong
energy-efficiency measures in the end-use sectors, as
well as strong measures to promote the electrification
of industry, buildings (heating) and transport energy
consumption and to transform the power supply into a
green, low-carbon system based on renewable energy.
As medium- and long-term strategies, the development
of storage technologies and conversion technologies
in a system context will be vital for the deep decarbonization of the energy system. Both countries will rely on
markets as a decisive tool for policy implementation,
including a well-functioning power market with support
to system flexibility and system security.
However, the two countries’ implementation strategies
would differ. Denmark is a small country within the EU,
with excellent opportunities for power exchanges with
neighbouring areas, while China’s provinces are quite
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different regarding energy consumption and the availability of energy sources. A comparison between China
and the EU would be more relevant regarding overall
energy policy strategies, not only due to geography,
but also with regard to the variety of resources and the
different demographic profiles.

Close and long-term cooperation between China
and Denmark in the field of energy policy and energy system analyses nevertheless provide an excellent platform for the further development and use of
comprehensive energy system scenarios as a tool for
policy-making, to the benefit for both countries.
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