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LIST OF ABBREVIATIONS 

BEV Battery Electric Vehicle 

CAES  Compressed Air Energy Storage 

CCS Carbon Capture and Sequestration 

CHP Combined Heat and Power 

CS Cold Storage 

CSP Concentrating Solar Power 

DA Day Ahead 

DC District Cooling 

DH District Heating 

DHW Domestic Hot Water 

DSO Distribution System Operator 

EB Electric Boiler 

EES Electrical Energy Storage 

ES Energy Storage  

EV Electric Vehicle 

FAT Full Activation Time 

FCEV Fuel cell electric vehicles 

(a)(m)FCR (automatic)(manual) Frequency Containment Reserve 

(a)(m)FRR (automatic)(manual) Frequency Restoration Reserve 

FSC Flexible Sector Coupling 

GB Gas Boiler 

HP Heat Pump 

HRE Heat Roadmap Europe 

HS Heat Storage 

HT-ATES High-Temperature Aquifer Thermal Energy Storage 

ID Intra-Day 

IEA International Energy Agency 

MES Multi-Energy System 

NECP National Energy and Climate Plans 

NG Natural Gas 

O&M  Operation and Maintenance 

P2C Power-to-Cold 
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P2F Power-to-Fuel  

P2G Power-to-Gas  

P2H(+S) Power-to-Heat (and Storage) 

PCI Projects of Common Interest 

PCM Phase Change Material 

PES Primary Energy Supply 

PTES Pit Thermal Energy Storage 

PV Photovoltaic 

TCP Technology Collaboration Platform 

TES Thermal Energy Storage 

TRL Technology Readiness Level 

TSO Transmission System Operator 

TTES Tank thermal energy storage 

V2G Vehicle-to-Grid 

(V)RE(S) (Variable) Renewable Energy (Sources) 
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KEY MESSAGES AND POLICY RECOMMENDATIONS 

From the subtasks of the Task different recommendations and key messages were derived. 

From Subtask 1 “Flexible Sector Coupling (FSC) Concept Development” the following 
recommendations were formulated: 

• Stable and integrated policy to support energy sector coupling, including energy storage 
options that provide flexibility. 

→ Avoid multiple energy taxes across the value chain – energy carrier (e.g. electricity) 
taxed at the point of consumption. 

→ Incentivize the minimization of curtailment of VRE, and rejection of industrial surplus 
heat. 

→ Level taxation on fuels and electricity (natural gas vs electricity, fossil fuels for 
electricity generation vs for heat generation) 

• Plan electrification, and accelerated roll-out of VRE together, including the integration of 

storage options across the conversion chain to build FSC from the start. 

• Modernized market structures – energy storage working with price arbitrage, the foundation 
of a capacity market – a market for rapid ramping and rapid response.  

• Enable a fair, “leveled” playing field for the technical and economic benefits and values energy 
storage solutions can provide. 

→ This includes the above-mentioned modernized market structures, as well as 
reviewing taxation of fossil fuels for domestic heating. While an increased fossil fuel 
tax is required to steer towards more environmentally sound solutions, it may be 
required to compensate private consumers for economical sustainability. 

 

Subtask 2 “Technical Solutions for FSC Implementation” collected FSC examples and derived the 
following key messages: 

• The FSC examples show a huge variety of applications connecting renewable electricity to the 

demand sectors heat and mobility, and it is good to have so many different energy storage 

technologies available! 

• About 40% of the collected technologies are industrially proven and are market available; the 

same fraction will come to the market in the next five years; other technologies need to be 

further developed (e.g. high-temperature heat pumps above 100 °C).  

• Barriers for market integration that were reported are challenges in the system integration, 

including control integration and interface standardisation, regulatory barriers/non-flexible 

electricity tariffs, and upscaling/engineering problems. 
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In Subtask 3 “Implementation of FSC in Local Energy Systems”, the performed studies show in detail 
how important sector coupling, mainly the power-to-heat or power-to-cold pathway, is for the 
integration of renewable electricity from PV and wind. In all studies the implementation of mostly 
thermal storage capacity improves the energy system performance and its economic feasibility. 

The following key messages can be formulated from the performed studies: 

• FSC allows a better use of installed PV/wind installations and reduces curtailment. 

• The storage capacity within the FSC approach (in all studies thermal energy storage for P2H 

and P2C) leads to higher shares of renewable energy in the system and reduces CO2 emissions. 

• FSC provides necessary/additional flexibility to local MES (with high complexity), which 

includes e.g. the electricity grid. 

• Installed storage capacity in combination with sector coupling, mainly P2H and P2C, leads to 

lower system cost. 

 

The main conclusions obtained in Subtask 4 “National Scale Energy System Analysis of FSC Potential” 
from the national scale energy system analysis on the influence of FSC are: 

• Thermal energy storage in electrified district heating can reduce costs and improve system 

energy efficiency. 

• The presence of excess heat in a central heating system reduces the system costs but increases 

the necessity for a thermal storage in terms of energy efficiency. 

• Heat production from individual heat pumps is considerably more expensive without thermal 

storage, due to the need for a larger production capacity. 

• Cold storage for district cooling can reduce system costs and primary energy consumption. 

• Hydrogen systems and storage play a central role in the system integration of fluctuating 

renewables as hydrogen can be used to cover demands directly or be converted to other fuels, 

and thereby creates FSC to both thermal and mobility demands simultaneously. 

• A fully renewable based energy system without hydrogen storage needs significantly higher 

renewable energy production capacities, which increases costs considerably. 

• Smart charging systems of battery-electric vehicles can generate better energy efficiency and 

lower total system costs. 

• Battery-electric vehicles with a V2G option in addition to smart charge, can further reduce 

energy consumption and total costs. 
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MAIN RESULTS IN A NUTSHELL 

The main input to the future power grid will be renewable electricity by wind and PV. Reaching higher 
shares of fluctuating renewables in the power grid may cause a variety of problems. One option to 
tackle these challenges, is to distribute renewable electricity to the heating/cooling and the mobility 
sectors. 

From the consumer's perspective, future energy supply has to provide the energy form needed. The 
energy system has to be designed based on the actual demand. In developed countries, the thermal 
and the mobility sector are responsible for about 75% of the final energy demand. Thus, distributing 
renewable electricity to the heating/cooling and the mobility sectors increases the share of renewable 
energy in the overall energy system. 

Task 35 of the IEA’s Energy Storage TCP worked on Flexible Sector Coupling (FSC) with energy storage 
and examined the role of energy storage in the FSC concept. Sectors are defined as the demand sectors 
electricity, heating/cooling, and mobility.  

With the integration of different energy storage technologies, it is possible to supply a demand sector 
with previously stored renewable energy on demand. Thereby, energy storage adds flexibility to the 
overall energy system. Possible energy storage technologies are thermal, chemical, and electrical 
energy storage. 

According to the Task 35 FSC definition, five pathways starting from renewable electricity via the three 
types of energy storage to the two consumption sectors thermal and mobility are possible. Pathways 
include well-known concepts like Power-to-Heat, Power-to-Gas, Power-to-Fuel, and E-Mobility: 

 

In Task 35, a group of international energy storage and energy system experts developed the concept 
of FSC, collected FSC application examples, studied the benefits of FSC for multi-energy systems on a 
local level, and conducted a national scale energy system analysis on the influence of FSC for Germany 
in 2050, as a reference case.  

The FSC concept development was complement by formulating key recommendations for policy 
makers. It is called for a stable and integrated policy to support energy sector coupling, including 
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energy storage options that provide flexibility. Among others, removing multiple energy taxes across 
FSC value chains and incentivizing the minimization of curtailment of VRE are called for. 

Fifteen collected FSC examples underline the available multitude of energy storage technologies – not 
only batteries, but also comparably affordable alternatives like hot water storage, underground 
thermal energy storage, advanced concepts of storing heating and cold, as well as hydrogen storage 
and any form of synthetic fuels derived from hydrogen for the mobility sector. About 40% of the 
collected FSC application examples are industrially proven and market available – the same fraction 
will come to the market in the next five years. Remaining barriers for market integration are challenges 
in the system integration, including control integration and interface standardisation, regulatory 
barriers, non-flexible electricity tariffs, and upscaling/engineering issues. 

Performed studies on local energy systems show in detail how important FSC, mainly the power-to-
heat or power-to-cold pathway, is for the integration of renewable electricity. In all studies, the 
implementation of mostly thermal storage capacity improves the energy system performance and its 
economic feasibility. It was demonstrated that FSC allows a better use of installed PV/wind assets, 
thereby reducing curtailment. 

To model a decarbonized German energy system in 2050, a reference energy system based on the 
Heat Roadmap Europe project was implemented in the software EnergyPLAN. With a scenario analysis, 
the influence of installed energy storage capacity in five different applications (district heating, district 
cooling, individual heating, hydrogen, and electric vehicles) on the national energy system was 
investigated. In many cases, doubling the energy storage capacity compared to the reference system 
would lead to both a reduction in primary energy consumption and a reduction in the overall system 
costs. Further application-specific advantages illustrate the value of FSC for the energy system. 
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EXECUTIVE SUMMARY 

1 Short Description of Task 35 

1.1 Objectives and Scope 

Task 35 dealt with the possibilities and the impact of implementing energy storage in sector coupling. 
The aim of this Task was to evaluate the possibilities and the influence of energy storage systems in 
the context of Flexible Sector Coupling (FSC) to develop policy and research recommendations. 
Applications where the energy conversion starts from the electricity sector and goes back to the 
electricity sector via intermediate storage were not part of the work, due to the overall intention to 
decarbonise the heating/cooling and mobility sectors by using renewable electricity. The following 
figure shows the objectives and main goal of the Task as elaborated in the Task definition phase. 

 

Task 35 covered the following topics:  

• All energy storage technologies  

• All applications in the heating and cooling sector (buildings, DHW, process heat/cold in 

industry) 

• All applications in the mobility sector (private transport, public transport, freight traffic) and 

all propulsion technologies (EV, fuel cell, hydrogen etc.) 

1.2 Organisational Structure 

The objectives of the Task were divided into four subtasks. Figure 1 shows the structure of Task 35 and 
the scope of each subtask. 
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Figure 1: Task 35 structure. 

1.3 Duration of Task 

The official start of the Task 35 was 1 June 2019. Including a one-year extension, Task 35 ended on 
31 May 2023. 

1.4 Expert Meetings 

A total of eight expert meetings and additional web conferences were organized. Table 1 lists the 
locations, dates, and number of meeting attendees.  

Table 1: Details about the date and location of each expert meeting. 

City Country Date # Participants 

Bad Tölz Germany 16 – 18 October 2019 22 

Web Conferences - 2 and 21 April 2020 42, 30 

Web Conference - 29 – 30 September 2020 51 

Web Conferences - 1, 4, and 7 December 2020 17, 25, and 18 

Web Conference - 28 – 29 April 2021 32 

Vienna (hybrid) Austria 8 – 9 November 2021 17 

Copenhagen (hybrid) Denmark 26 – 27 April 2022 16 

Milan (hybrid) Italy 10 – 12 October 2022 14 

Stuttgart (hybrid) Germany 28 – 30 March 2023 13 
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1.5 Participation 

Table 2 gives an overview about which organisations from which country participated in this Task.  

Table 2: List of participating institutions per country – excerpt from main list of participants. 

Country Institution Representative (name) 

Austria AEE Institute for Sustainable 
Technologies 

Austrian Institute of Technology 

University of Innsbruck 

Wim van Helden, Marc Hollinger, 
Rebekka Köll, Samuel Knabl 

Gerhard Totschnig, Hamid Aghaie  

Abdulrahman Dahash 

Canada Natural Resources Canada Reda Djebbar 

Denmark PlanEnergi Rasmus Lund, Nikola Botzov, 
Daniel Trier 

France INSA Lyon Frédéric Kuznik, Kévyn Johannes 

Germany DLR 

Forschungsstelle für Energiewirtschaft 

Fraunhofer IOSB-AST 

Fraunhofer UMSICHT 

Research Center Jülich 

ZAE Bayern 

Hans Christian Gils 

Andreas Zeislmair 

Peter Bretschneider 

Clemens Pollerberg 

Hendrik Wust 

Andreas Hauer, Anna Kümmel, 
Christoph Rathgeber  

Italy RSE Italy Edoardo Corsetti, Stefano Maran, 
Federico Giudici, Dario Siface 

Korea KIER Sun-Hwa Yeon 

Japan Nagoya University 

HPTCJ 

Takasago 

Masayao Okumiya 

Shuto Takayoshi 

Noboru Sue 

Netherlands ECN/TNO Herbert Zondag, Joris Koornneef 

 CE Delft Thijs Scholten 

Sweden KTH Royal Institute of Technology Viktoria Martin, Saman N. 
Gunasekara, Justin Chiu 

Switzerland Hochschule Luzern Jörg Worlitschek, Rebecca Ravotti, 
Ueli Schilt, Curtis Meister 

Turkey Cukurova Üniversitesi Halime Paksoy 

UK Science & Innovation for Climate & 
Energy 

Chloe Lianos 

 

The Subtask leaders were: 
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• Subtask 1: Viktoria Martin, KTH, Sweden 

• Subtask 2: Wim van Helden, AEE Intec, Austria 

• Subtask 3: Gerhard Totschnig, AIT, Austria 

• Subtask 4: Rasmus Lund, PlanEnergi, Denmark 

Apart from the official participating countries, two international organisations took part in Task 35: 

• World Bank / Energy Storage Partnership 

• International Renewable Energy Agency (IRENA) 
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2 Summary of Final Report 

2.1 Subtask 1 “Flexible Sector Coupling (FSC) Concept Development” 

Since we do not want to rely on fossil fuels in the future, as “universal” energy carriers with integrated 
storage capacity, new approaches are necessary. Future energy supply has to provide the energy form 
needed. The energy system has to be designed based on the actual demand. In developed countries, 
the thermal and the mobility sector are responsible for about 75% of the final energy demand. 
Considering that most of the generated energy in the future will be renewable and will come as 
electricity from wind and PV, flexible sector coupling (FSC) will be most relevant. 

The coupling of the electricity sector with the thermal and the transport sector enables higher shares 
of renewable energy in all sectors. The energy demand in the thermal and the transportation sector 
can be covered by renewable electricity. However, the problem of matching supply and demand in 
time remains unsolved. This can be achieved by the installation of storage capacities. The use of energy 
storage technologies adds the needed flexibility to the system and leads to this “flexible” sector 
coupling approach. In this context all storage technologies - thermal, chemical (gas/fuels) and electrical 
– will contribute. 

The FSC approach supports the de-carbonization of the thermal and the transport/mobility sector. 
Today these sectors show in most countries a far lower share of renewable energy input compared to 
the electricity sector. 

The visualization of the FSC concepts was discussed and elaborated during the Task expert meetings. 
Figure 2 shows the final stage of this concept visualization process.  

 

 

Figure 2: Final FSC concept visualization developed in Task 35. 

According to the Task 35 FSC definition, five pathways starting from renewable electricity via the three 
types of energy storage to the two consumption sectors – thermal and transport – are possible. The 
pathway renewable electricity–thermal storage–mobility is excluded for technical reasons. 

The FSC approach offers the following opportunities: 

• FSC with storage enables renewable energy on demand. 
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o Opens up renewable energy (mainly renewable electricity) for other sectors – a larger 
market for renewable energy emerges. 

• FSC with storage minimizes curtailment. 

• FSC with storage allows for moving energy in time and space. 

• FSC with storage minimizes the total system cost across the value chain. 
o Supports priority to demand-side solutions, whenever they are more cost-effective 

than investments in energy supply infrastructure. 
 
In addition, a model for flexibility was developed. The model describes the flexibility options in a Multi-
Energy System (MES) and includes technological, regulatory, and market aspects. The role of energy 
storage could be acting like a generator (in discharging mode) or like a consumer (in charging mode), 
which means an up- or downward flexibility to the system. The change of energy carriers – electricity, 
heat, or gas – represents the concept of “cross-carrier flexibility” and is identical with the definition of 
FSC. The model shows the possibilities and limitations of this approach.  

2.2 Subtask 2 “Technical Solutions for FSC Implementation” 

In Subtask 2, existing and future FSC storage configuration examples were collected to show the 
diversity of possibilities and the technical potential. The expert group made a collection of FSC 
examples divided into five groups representing the pathways from renewable electricity via energy 
storage technologies to the mobility and heating sector. In total, a collection of 15 FSC configuration 
examples was obtained. 

The collected FSC examples underline the available multitude of energy storage technologies: not only 
electrochemical batteries, but also comparably affordable alternatives like hot water storage, 
underground thermal energy storage, advanced concepts of storing heating and cold, as well as 
hydrogen storage and synthetic fuels derived from hydrogen for the mobility sector.  

An example for the power-to-heat pathway is given in the Figure 3. 
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Figure 3: FSC example for power-to-heat applications 

At a plant of food producer PepsiCo, Kraftblock replaces gas with clean energy in cooperation with 
Dutch energy supplier Eneco. Renewable electricity from Eneco is transferred into Kraftblock’s high-
temperature thermal energy storage to supply process heat to fry potato chips. A gas-fired boiler is 
replaced by a fossil-free system that supplies process heat in form of thermal oil.  

Multiple FSC pathways are addressed in the Living Lab Energy Campus presented in Figure 4.  

Example 

Power-to-heat
Kraftblock

Long Title: Net-Zero Heat System at PepsiCo food production Storage Period: hours - few days

Application:
High-temperature sensible heat storage for process heat 

supply from renewable electricity
Status Technology:

Storage technology: Sensible solid heat storage at high temperatures (800 °C) Place, Country:

Energy Source: renewable electricity (wind) Capacity: 70 000 kWh

Energy Output: Process heat at about 300 °C Power: 22 MW

Pictures:

 6-8

The Netherlands
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Figure 4: FSC example for multiple pathways from renewable electricity to thermal and mobility demand sectors 

The system illustrated in Figure 4 includes a combined heat and power plant with hydrogen co-firing; 
lithium-ion batteries as UPS, storage and peak shaving unit; hydrogen infrastructure with electrolyzer, 
LOHC storage, and fuel cell; and HPC waste heat usage for low-temperature district heating network. 
The integration of battery and hydrogen electric vehicles is optional. This highly integrated energy 
supply and storage system demonstrator will be developed on the campus aiming for a possible 
application in urban districts for renewable energy long-term storage and FSC. 

About 40% of the collected FSC application examples are industrially proven and market available – 
the same fraction will come to the market in the next five years. Remaining barriers for market 
integration are challenges in the system integration, including control integration and interface 
standardisation, regulatory barriers, non-flexible electricity tariffs, and upscaling/engineering issues. 

2.3 Subtask 3 “Implementation of FSC in Local Energy Systems” 

Subtask 3 deals with the integration of variable renewables in local energy systems. At this level, 
flexible sector coupling plays a major role. Since renewable electricity production is local by nature, an 
immediate use for local demands seems to be the most efficient solution. This “local” approach is 
larger than the FSC systems presented in Subtask 2 and still smaller than the national scenarios 
developed in Subtask 4. 

Example D:
Living Lab Energy Campus, 

Jülich

Long Title:
Living Lab Energy Campus at  Forschungszentrum 

Jülich 
Storage Period:

Application:

Highly integrated energy supply and storage system 

demonstrator on the campus; Possible application in 

urban districts for renewable energy long term 

storage and sector coupling

Status Technology:

Storage technology:
Li-Ion Batteries, Hydrogen Storage System 

(Electrolyzer, LOHC storage, Pressurized H2 storage, 

Fuel cell, CHP), DSM

Place, Country:

Energy Source: CHP, Solar, Wind Capacity: 331.750 kWh

Energy Output: electricity, heat, hydrogen Power: 1.800 kW

Picture(s):

 seconds to seasonal

7

Jülich, Germany
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The presented studies in this chapter reflect the complexity of Multi-Energy Systems (MES). At this 
level – covering quarters, cities, districts – a huge variety of renewable energy sources have to match 
all kinds of energy demand in all sectors. Between supply and demand, energy storage capacities are 
necessary to provide the system flexibility needed.  

The presented studies discuss this approach in detail. Most of them are working on power-to-heat 
applications in district heating (or cooling) grids. 

• In the first study, power-to-heat and thermal storage in heat networks in The Netherlands 
was discussed. Two techniques are considered for P2H: heat pumps and electric water heaters. 
For thermal storage, tank storage (TTES), storage in an isolated pit in the ground (PTES), and 
high-temperature storage in an underground aquifer (HT-ATES) were considered. The 
objective of the study is to connect the worlds of electricity and heat by providing insight into 
the potential and development of P2H and storage (P2H+S). The business case was defined 
and the technical potential of P2H+S was identified. The impact on the electricity system was 
mapped by modelling electricity generation and sources in heat networks in an integrated 
manner. Finally, barriers were analysed and policy recommendations were formulated to get 
P2H and thermal storage up-and-running. 

 

Figure 5: Illustration of the concept of power-to-heat combined with thermal energy storage for heat grids. 

• The focus of the second study is on cold storages within a district cooling system in Sweden. 
Thermal energy storage, in terms of cold storage (CS) in district cooling (DC), can minimize 
peak capacity investments via peak shaving and load shifting. In DC systems with a large share 
of renewable electricity and surpluses reflected by price, CSs particularly become valuable to 
adopt power-to-cold operation, thus enabling FSC by storing this surplus electricity into the 
CS. A case study analysis of the DC system of Norrenergi AB, Sweden (supplying DC to Solna 
and Sundbyberg municipalities) shows that a combination of central and distributed CSs 
successfully enables FSC. The study shows that these CSs provide competitive advantages over 
some other typical capacity investments like new chillers or pipes. Besides, particularly 
distributed CSs offer additional advantages to the DC network itself by avoiding differential 
pressure bottlenecks at certain configurations like loops. The study also highlights the 
importance of using effective and relevant KPIs to assess the true benefits of FSC. This involves 
moving beyond a typical performance indicators’ frame, focusing on the peak shaving and load 
shifting related to electricity surpluses. 
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• In the third study, the authors look at the effects of PV integration, fossil heater replacement, 
and thermal storage integration on the energy supply scenario of communities in 
Switzerland. For this purpose, a model is deployed to represent the multi-energy system of 
the community. Simulations over one year of operation were carried out for different 
scenarios. 

The results demonstrate the impact of solar PV integration, fossil heater replacement, and 
thermal storage integration on the multi-energy system of a community. It is shown that 
integrating solar PV power alone leads to limited benefits, as not all the generated electricity 
can be utilized due to a supply/demand mismatch. Replacement of fossil heaters with heat 
pumps can make use of some of the excess PV power through sector coupling, as well as 
reduce carbon emissions linked to the burning of oil and gas. Implementing thermal storage 
can eliminate the need for solar PV export, as the heat supply can be shifted in time. During 
times of high heat demand and low or no PV power availability, the thermal storage can be 
used to provide heat, reducing the requirement for heat pump operation. The increased use 
of locally generated solar PV power leads to a reduction of cross-border imported electricity, 
which in turn leads to a reduction in carbon-based emissions related to energy generation. 

This study only looked at the technical aspect of thermal storage and did not consider costs 
associated with the design, installation, and operation of the systems.  

• The fourth study is a real district energy system case study application, namely, the district 
heating (DH) system of the city of Milan in Italy. It is proposed to illustrate the benefits of 
energy storage systems in flexible sector coupling. In particular, it shows how multi-energy 
flexibility could first of all be deployed for heat demand satisfaction and then for day-ahead 
and flexibility electricity market participation. Power flexibility margins in both upward and 
downward modes are identified on the electrical carrier and by shifting flexibility across 
multiple energy vectors, particularly through power-to-heat devices. For instance, it is also 
discussed how gas-to-heat technologies indirectly provide flexibility on the electrical 
carrier/energy layer. This clearly demonstrates all the possible interactions across different 
energy carriers in multi-energy systems unlocking the flexibility wherever it is. In particular, 
the Milan DH system allows to flesh out all the complex technical features associated with MES 
flexibility, and particularly how energy demand of one energy vector might influence the 
overall plant flexibility. 

• The fifth study examines the role of heat storage and FSC in the process of decarbonizing 
district heating systems in the Alps. Currently, these systems heavily rely on fossil gas. The 
analyzed district heating systems achieve economic decarbonization by utilizing surplus 
electricity, mainly renewable sources, with air source or river heat pumps as well as 
geothermal energy and industrial waste heat. FSC increased strongly with the use of seasonal 
heat storage. The primary benefit of large thermal storages is to increase the utilization of 
surplus energy in the summer (such as surplus renewable electricity, geothermal heat, and 
waste heat) for decarbonization in the winter and therefore avoid excessive need for solid 
biomass. Under the given cost assumptions, the cost of generating district heat did not change 
significantly with or without seasonal storage.  

2.4 Subtask 4 “National Scale Energy System Analysis of FSC Potential” 

In Subtask 4, a national scale energy system analysis on the influence of FSC for Germany in 2050 was 
conducted. To model a decarbonized German energy system in 2050, a reference energy system based 
on the Heat Roadmap Europe project was implemented in the software EnergyPLAN. With a scenario 
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analysis, the influence of installed energy storage capacity in five different applications (district 
heating, district cooling, individual heating, hydrogen, and electric vehicles) on the national energy 
system was investigated. 

In many cases, doubling the energy storage capacity compared to the reference system would lead to 
both a reduction in primary energy consumption and a reduction in the overall system costs.  

As example, the following figure shows the scenario analysis for influence of installed storage capacity 
in district heating (DH). 

 

Figure 6: Results for the changes in total costs and primary energy supply in scenario 1a (DH storage) by removing and 
doubling the DH storage, compared to the reference scenario. 

Figure 6 shows the costs effect and primary energy effect of removing and doubling the DH storage 
capacity compared to the reference scenario, i.e. the change in total costs and primary energy supply 
compared to the reference scenario. 

It is visible that both total costs and primary energy supply are increased considerably when the DH 
storage is removed. This can be attributed to the lower flexibility of the system, reducing the possibility 
for intermittent production units to operate when fuel prices, etc. are favorable. Since their operation 
is reduced, less efficient production units, e.g. boilers, make up for a larger share of the production 
portfolio, increasing the primary energy supply in the scenario. 

Doubling the DH storage has the opposite effect on the energy system. The total costs in the model 
are slightly reduced compared to the reference. Since a larger storage allows for more flexible 
operation of intermittent DH production units, e.g. heat pumps, the primary energy supply is also 
reduced compared to the reference, meaning the overall system is both cheaper and more energy 
efficient with a larger storage capacity. 
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