
  

 

 

 
 

 

 

 

 

 
 

RISEnergy: Roadmaps for energy innovation in 
Sweden through 2030 
RISE Research Institutes of Sweden is a group of research and technology organisations. RISE is a 

leading innovation partner working global cooperation with academia, enterprise and society to create 

value, growth and competitiveness through research excellence and innovation. 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 Energy Efficient Transport 

 Electric Power System 

 Energy Efficient and Smart Buildings 

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels and other 

products 

 Efficient Energy Use in Industry 

 Decarbonisation of Basic Industries 
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Roadmaps for energy innovation in Sweden through 2030 

Roadmaps for energy innovation in Sweden
For each of these innovation areas, future development is tightly coupled to societal challenges. The 

need to reduce greenhouse gas emissions that contribute to climate change is the most important, but 

energy and resource efficiency, urbanisation and demographic change, and global industrial 

competitiveness will also shape coming energy innovation. 

These Roadmaps describe development pathways for technologies, non-technical elements (market 

design, user behaviours, policies, etc.) and key actors that deliver on a plausible, desirable vision for 

each respective innovation area in 2030. These Roadmaps are intended to support RISE’s strategic 

planning and development, but should be relevant reading for anyone interested in energy innovation 

in Sweden. 

The innovation areas are 

connected  

Each of these areas is part of an energy 

system today that is interconnected – in 

terms of shared dependencies on material 

inputs, infrastructure, technology and 

user needs and behaviour. These 

interconnections are changing, but 

systemic interactions should be even 

stronger by 2030, as electrification, 

industrial symbiosis, and digitalisation 

create new interdependencies and 

synergies between sectors and 

innovations. 

Innovation Area: Electric Power System 

The Vision: By 2030, Sweden has one of the world’s most stable and flexible electric power systems. 

The electricity system is sustainable, resilient and robust, ensuring long-term access to fossil-free, 

stable and renewable energy for Swedish industry, consumers and the transport sector, with 

competitive electricity prices. 

The Innovations: This vision will be delivered through progress in four innovation areas:  renewable 

electricity generation, including more cost-efficient and robust wind and solar PV; transmission and 

distribution, including power electronics, microgrids, automation and communication; storage, 

including batteries, hydrogen, and power-to-gas and power-to-liquids; and market design and balance 

management. 
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Innovation Area: Energy-Efficient Transport 

The Vision: Emerging in 2030 is a fossil-free transportation system is able meet increased transport 

needs through energy-efficient solutions that offer great flexibility for personal mobility and freight 

transport across transport modes. Mobility and transport are increasingly becoming services. 

The Innovations: A number of innovation areas will play a role in realising this vision. These include: 

increased availability of fossil-free fuels; electrification; introduction of new energy-efficient transport 

solutions; automation; connected vehicles; improved network management and logistics flow; and 

service logic that increases value-in-use. 

Bild: Alexander Warnolf 

Innovation Area: Energy-Efficient and Smart Buildings 

The Vision: By 2030 Swedish buildings use 100% energy from renewable energy sources, either 

integrated or delivered to the building. All activities within the building use a minimum of energy to 

deliver customer value and the technology used meets the real estate owners’ and their tenants’ 

specific needs, efficiently managing resources such as electricity, heating & cooling, space, air, water, 

and more.  

The Innovations:  The Roadmap sees four areas as crucial to achieving this vision. The integration of 

renewable energy generation (especially solar PV) and storage (batteries, hydrogen, heat storage in 

building materials) into building sites is already beginning today and should be nearly ubiquitous in 

the future. Energy-efficient and smart solutions for building shell and lighting drastically reduce 

energy use in existing buildings, and new buildings are ‘zero energy’ by design. Information and 

communication technology bridges these developments with the fourth area – development of new 

business models serving residents and building owners. 
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Innovation Area: Sustainable Thermal Processes 

The Vision: In 2030, solid low-grade biomass and wastes will constitute a significant energy carrier in 

Sweden for sustainable production of electricity, heat and other value-added bio products, such as fuel, 

for the benefit of the energy supply system and society in general. 

The Innovations: This vision will be made possible by innovations in fuel handling, preparation and 

characterisation;  by innovations in thermal conversion processes including small-scale boiler 

technologies as well alternative methods such as gasification and pyrolysis; by improved efficiency in 

and flexibility in power plants and new systems for process control; by new materials to combat 

corrosion and technologies for emission reduction; and by processes for upgrading of biomass to 

liquid fuels, chemicals and materials. 

Innovation Area: Efficient Energy Use in Swedish Industry 

The Vision: By 2030, developments in Swedish industry will have contributed to at least a 30% 

decrease in energy use in Swedish society, and the efficient use of energy is an integral part of both 

strategic and daily operations and planning in the Swedish industry. The efficiency in using energy is 

defined from a sustainability perspective, and from a system perspective that also includes the 

interactions between different industries, and between industry and other parts of society. 

The Innovations: The Roadmap identifies four areas key to the realisation of this vision. Systems 

integration – both between industries and between industry and other parts of society – will ensure that 

efficiency gains are systemic and broadly beneficial. Improved leadership at the corporate and sector 

level will be important in leveraging changed human behaviour among employees and consumers. 

New business models will be necessary to capture benefits both within and between sectors. And new  
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indicators and improved assessment of potential will be essential to supporting decision-making within 

strategy and policy. 

Innovation Area: Decarbonisation of Basic Industries 

The Vision: By 2030, a range of decarbonisation options has been proven across the basic industries. 

Carbon Capture, Utilisation and Storage (CCUS) has been tested in pilot scale and demonstrated at 

large scale; carbon-neutral energy carriers have been introduced in industry, and reduction of iron ore 

by hydrogen has been demonstrated at scale. Sweden is at the forefront of technological development 

in these areas globally and is well positioned to export decarbonisation solutions. 

The Innovations: Within CCUS, improvements in capture technologies (Oxyfuel, post-combustion, 

chemical looping, mineral carbonisation, etc.) should be developed hand-in-hand with technologies 

utilisation technologies (for example conversion to chemicals for use in materials, energy, etc.). The 

emergence of hydrogen as a reducing agent, 

including the development of technologies such 

as electrolysis for producing the hydrogen, will 

be essential for the steel sector. 

The Development Path
Each of these innovation areas will require a 

range of activities along the innovation chain. At 

lab scale experimentation with new materials, 

process development, algorithm development, 

and more will be important to the introduction of 

new technologies that affect energy production 

and use, both directly and indirectly. Test beds, 

pilots and demonstration projects for new technologies as well as both technical and non-technical 

system configurations will be crucial to moving these innovations to market; in some cases these steps 

will take place only after 5-7 years, but for other innovations they are already relevant today. 

Throughout the period, knowledge development and decision support related to market design, policy 

formulation and business models will be important. 

RISE has a crucial role as a leading innovation partner shaping this development path. Working 

together with academia and industry, RISE can provide crucial knowledge, infrastructure, and 

facilitation for the innovation process. RISE’s polytechnic structure provides a unique perspective on 

energy that can cross sectors and deliver innovation that meets both the requirements of industry and 

the challenges facing society. 
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Energy efficient transport
RISE Research Institutes of Sweden is a group of research and technology organisations. In 

global cooperation with academia, enterprise and society, we create value, growth and 

competitiveness through research excellence and innovation. 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 Energy Efficient Transport

 Electric Power System

 Energy Efficient and Smart Buildings

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels

and other products

 Efficient Energy Use in Industry

 Decarbonisation of Basic Industries
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The Roadmap describes a development pathway for technologies, non-technical elements (market 

design, user behaviors, policies, etc.) and key actors (in our case, RISE) that delivers on a plausible, 

desirable vision for the innovation area in 2030. 

This vision is one of an energy-efficient society where Mobility and Transport are services for 

citizens and businesses. 

RISE can contribute to a fossil-free transportation system that meets increased transport demand 

through energy-efficient transport and offers considerable flexibility for personal mobility and freight 

transport over all transport modes. RISE will pursue goals related to: Fossil free energy in the 

transport system; Energy efficient transport solutions; Connected and automated vehicles. We will 

also work to ensure that these goals support the achievement of important societal goals. 

 
Description of the innovation area  
This roadmap refers to the energy efficiency of vehicles 

in general, including the development of technical 

concepts, application of solutions in material and 

component technologies, and the energy use in vehicles 

linked to user behavior.  

The roadmap covers electrification, hybridization, and 

battery technology. Energy system development related 

to these areas is primarily handled in the roadmap 

Electric Power System. Lightweight materials in vehicles 

are an important issue area and development and 

production of lightweight materials should reasonably be 

included in the RISE roadmap that deals with Materials.  

All kinds of vehicles such as personal vehicles, public 

transport vehicles, industrial vehicles, trucks, rail 

vehicles and air vehicles are considered. Distribution and 

use of non-fossil fuels in the vehicles is relevant to the 

roadmap, but the production of these fuels is handled 

elsewhere, including in the roadmap Sustainable 

Thermal Processes. ICT tools for optimization and 

coordination for increased transport benefits and reduced environmental impact are of interest and the 

roadmap should take into account the RISE roadmap Digitalisation. Finally this roadmap considers 

Automation of transport and non-transport alternatives. 

 

 

Interfaces with other RISE Roadmaps. Energy 
Roadmaps in dark blue. 
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Societal Challenges 
By 2050*, global demand for transportation is forecast to have increased by approximately 51 percent 

for passenger transport and 80 percent for freight. Transport is a substantial part of international 

sustainable development efforts (Agenda 21) and appears in several important statements, including 

the Brundtland Report. A well-functioning transport logistics system are, and have been historically, a 

prerequisite for an effective and growing economy, both locally and globally, and contributes to social 

and economic prosperity.  

The Swedish government, in line with EU's "Roadmap to a Single European Transport Area,” has 

indicated that a well-functioning and lower-emitting transport sector is a key to a well-functioning 

internal market. The overall transport policy goal is to ensure an economically efficient and 

sustainable transport system for citizens and businesses throughout the country. In addition, the 

parliament has decided upon one functional objective - availability, and impact objectives for safety, 

environment and health. Transportation ties the country and is a key prerequisite for a growing 

economy, population growth, and improved opportunities for commuting, visits and increased 

employment. An efficient transport system is a prerequisite for companies to operate throughout the 

country.  

Growth in transport demand further creates challenges related to energy resources and GHG emissions 

at a global level. The Swedish Environmental Advisory Council proposes tougher targets and a new 

climate strategy to ensure that domestic transport emissions will be 70 percent lower in 2030 (baseline 

2010).
1
 EU regulations are targeting a 60 percent reduction in emissions from transport by 2050.

2
 

These challenges contribute to the sector’s need to innovate: in Europe the transport sector spends 

more on R&D than any other industry. 

                                                      
1
 http://www.regeringen.se/artiklar/2016/06/miljomalsberedningen-foreslar-nya-utslappsmal-och-en-klimatstrategi/ 

2
 Transport 2050: The major challenges, the key measures, MEMO/11/197, European Commission, (Baseline 

2005). 

The transport 
sector is :

• The second 
largest R&D 
investor in 
the world

• The most 
important 
sector for 
Europe!
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The European Road Transport Research Advisory Council has thus established the following guiding 

objectives for 2030
3
: 

 Decarbonisation: Energy efficiency improvements for urban passenger transport of 80% 

Pkm/kWh); energy efficiency improvement for long distance freight transport of 40 % 

tkm/kWh); renewables in the energy pool, biofuels 25% and electricity 5%. 

 Reliability: Reliability of transport schedules improvement of 50%; urban accessibility to be 

preserved or improved where possible   

 Safety: Fatalities and severe injuries reduced by 60%; cargo lost to theft and damage reduced 

by 70%. 

 

In 2016, SP
4
 undertook a scouting activity, based on intelligence provided by leading actors from 

academia, business, and government. The following 6 areas (challenges) were of particular interest 

for SP (with a wider perspective of RISE interests in mind): 

 The Freight Challenge – “Seamless Logistic Chains” 

 The Traveller Challenge – “Seamless and Simplified Traveling” 

 The Society Challenge – “Reducing Negative Effects” 

 The Human Challenge – “Sustainability and Life Style Choices” 

 The Development Challenge / The Technological Challenge – “Environmental friendly, 

Connected and Automatic Systems working together” 

 The Energy Challenge – “Decisions and Guidelines to Reduce and Minimize the need for 

Energy Consumption” 

 

 

The Transport system in a changing world 

The interface between these societal challenges and the nature of the transport system is an important 

consideration. 

For example, the existing (“restrained”) infrastructure at hand, such as existing cities; road 

infrastructure; long-term economic planning; political (in) stability, etc. create limitations. On the 

change-positive side, new legal requirements for sustainable transport systems and the need for 

economy-wide efficiency in general will generate new business opportunities. 

A Roadmap to the future of Energy-Efficient Transport must therefore consider technology in the 

context of systems change, from changes in society’s expectations around sustainability, which creates 

new customer demand; to changes in decision-making and planning systems which requires new data 

and perspectives; to changes in physical systems such as land, where scarcity will require multi-

purpose innovation; to changes in logistics and technical systems which effect transport options 

directly. In order to address these interlocking systems, this Roadmap takes a perspective on systemic 

change towards transport and mobility as services.  

 

 

                                                      
3
 http://www.ertrac.org/ 

4
 https://www.sp.se/sv/bizarea/transport/Sidor/default.aspx 
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Vision 2030+ 
We want to contribute to a fossil-free transportation system that is able meet increased future transport 

needs through energy-efficient solutions that offer great flexibility for personal mobility and freight 

transport across transport modes. The development of this system should not hamper other social and 

economic goals, locally or globally, and should be in harmony with the development of other shared 

infrastructure. 

Mobility and 

transport are 

services for all 2030+ 

The vision for transport reflects an 

energy efficient service society. 

Mobility and transport are 

provided as services for citizens 

and business, and RISE plays an 

important role in developing these 

services and ensuring they are 

energy efficient and sustainable. 

 

https://framtidsspaning.wordpress.com/ 
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Source: 2030-sekretariatet 

Expected energy use in the transport system in Sweden 2010-2050 

Much of the realization of the vision lies beyond 2030, but parts of it will be established in various 

fields and regions long before then. The journey has, in other words already started. 

Energy efficiency  
Improvements can be achieved by improving the efficiency of the whole mobility system, the urban 

freight and logistics system, and the energy efficiency of the vehicles. 

Energy efficiency improvements on the vehicle side come from an increased efficiency of internal 

combustion engine vehicles 

and deployment of 

alternative fuels and electric 

vehicles. 

The system must be 

prepared for a more forceful 

implementation of fuel 

cells/hydrogen cells as well 

as synthetic fuels such as e-

gasoline, e-gas, e-diesel and 

e-ethanol, which are 

expected to emerge in some 

countries within the next few 

years. 

  System efficiency will also 

depend on the development 

of the freight and mobility 

system, deployment of 

charging infrastructure for electric vehicles, and the availability of fossil free fuel alternatives.  It also 

depends of the deployment of progressive solutions for transport modal shifts, seamless travelling, and 

improved logistics solutions and consolidation of the delivery of goods (synchromobility).  

Energy efficiency will also improve through increased overall efficiency of the urban freight system, 

such as improved load factor, improved distribution routing, and reduced empty trips. For mobility, 

system efficiency will be impacted by enhancements to the Public Transport Network and easier 

access to car sharing and other travel alternatives. 

 

Transition towards the vision 

This transition is fueled by a myriad of 

innovative new mobility service providers such 

as ride-sharing and e-hailing services, bike-

sharing programs, and car-sharing services as 

well as on-demand "pop-up" bus services. Self-

driving cars put into question the economic 

benefit of owning a personal car over using on-

demand car services, which are widely 
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expected to become significantly more affordable when cars can drive autonomously.  

This shift is further enabled by improvements in the integration of multiple modes of transport into 

seamless trip chains, with bookings and payments managed collectively for all legs of the trip.
5
  In 

London, commuters use the Oyster card, a contactless payment bank card, to pay for their travel. 

Between the multiple modes, trips, and payments, data is gathered and used to help people’s journeys 

become more efficient. In the government space, the same data allows for informed decision-making 

when considering improvements in regional transit systems. Public transport scheduling and the 

spending of consumer dollars can be justified by obtaining and analyzing data based around modern 

urban mobility trends.[4] 

For example, a trip planner can show how the user can get from one destination to another by using a 

train/bus combination. The user can then choose their preferred trip based on cost, time, and 

convenience. At that point, any necessary bookings (e.g. calling a taxi, reserving a seat on a long-

distance train) would be performed as a unit. It is expected that this service should allow roaming, that 

is, the same end-user app should work in different cities, without the user needing to become familiar 

with a new app or to sign up to new services. 

Short Term Impact: Mobility as a service may cause a decline in car ownership, which would reduce 

overall emissions. By nature, Mobility as a service could also significantly increase the efficiency and 

utilization of transit providers that contribute to the overall transit network in a region. The predictions 

were validated by the Ubigo trial in Gothenburg during which many private cars were deregistered for 

the duration of the trial and 

utilization of existing transit 

services increased the efficiency of 

the overall network. Ultimately, a 

more efficient network coupled with 

new technology such as autonomous 

vehicles will significantly reduce 

the cost of public transit. 

The changeover will require 

innovative ideas related to 

incentives, mechanisms, rules and 

laws. These developments will also 

impact the social infrastructure 

through the creation of new opportunities within the planning of common areas and land use. The 

sharing economy fits perfectly into the vision. 

Inequality between rural and urban areas may also be diminished. Relevant technologies include local 

drone solutions and transports pods, as well as last-mile distribution via the "Uberfication of logistics."  

The stimulation of production and use of fossil-free fuel is important to the vision. A strong review of 

incentives, policy instruments, rules and laws are stressed by the vision. Accessibility aspects, 

comfort, convenience, safety and security will be important, and the future will be shaped by 

behavioral and lifestyle issues as well as the economic bases of our individual choices.  

                                                      
5
 https://en.wikipedia.org/wiki/Mobility_as_a_service_(transport)#cite_note-2  
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What if: Wild cards to consider 

 In a future with new technical solutions, it is possible that products and services will be taxed 

and financed differently from today. 

- It is not unthinkable that all passenger transport costs could be paid via taxation. 

- Alternatively, passenger transport costs may be paid by allowing companies to 

monetize access to their private time, needs and habits.  

- A plausible individual CO2 taxation could also change travel patterns 

 Decreasing private car ownership allows city to monetize land previously required for roads. 

 Today's mobility services such as public transport can be dramatically changed by automation 

and digitization, and the sharing economy.  

 Public transport outside of cities could be replaced by automatic transport shuttles which, if 

necessary, could be coupled together as a road train. 

 Local or regional transport could be drastically limited if key transit points are blocked due to 

effects of attacks or natural disasters  

 A super virus that paralyses large ICT systems or a cryptography failure could cause 

informational chaos in traffic systems  

 The emergence of a parallel non-connected societies could alter transport needs. 

 

Development path 
We present seven key areas which are associated with the vision “Mobility and transport are services 

for all 2030+”. It is followed by a list of key indicators, the contribution of RISE and plausible 

progress towards the vision.  

Potential key areas 

Fossil free fuels 
 Increase the use and availability of fossil free fuels 

 Increase our competence in new drive lines matching fossil free fuels and electric vehicles. 

 Emission cycles for verification and certification of fossil free vehicles.  

 Support governmental purchase processes aiming for environmental friendly classed vehicles 

and according to CSR for energy source. This includes for instance conversion of energy from 

waste materials and development of business models for new energy models and energy 

distribution. 

Network management, logistics flow 
 Support network management to improve the network and the system flow 

 Initiate, coordinate and participate in demo and test plants for societal and city development, 

i.e. “Living Labs” / “Human Labs” (related to behavioral challenges within the transport area) 

and also automation of vehicle and traffic systems, new logistic hub systems and other 

relevant challenging areas. 

Energy efficient transport solutions  
 Support activities that stimulate introduction of energy efficient transport solutions in the 

whole system  
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 Sustainable transition from Today systems (old) in to Future systems. Coordinate and drive 

the transition, with emphasis on The Societal Perspective and The System Perspective 

Automation 
 Support and coordinate activities for a safe introduction of automated vehicles  

 Special focus on Safety and Security, especially in the area of IT-security, also known as 

Cyber security, and cloud services. At first together with active safety security and automatic 

driven vehicles or autonomous vehicles and the automation (digitalization) of the transport 

system and mobility system. Includes both safe and secure systems but also, equally 

important, personal integrity. 

Electrification 
 Support and coordinate activities for a robust and sustainable intro of 3

rd
 generation electric 

vehicles  

 Support efforts to develop customized robust and energy efficient solutions for electric 

vehicles. 

Connected vehicles 
 Proof of concept and safe introduction of the V2V/V2X ecosystem 

 Test facilities and demo-plants in appropriate scale, meeting the transport actors need in 

different areas, from digital platforms, to smaller test chambers, to huge “asphalt” demo 

plants. 

 Vehicle communication and future mobility and transport solutions in the information and 

communication society. 

Service logic and value-in-use 
 Support all users to include human values and sustainability in the transition 

 System analytics and Innovation for a sustainable transport system to make creative business 

models that are based on services, improved value creation and usability for customers that 

will be possible through new technology. 

Other 
 Develop effective and user friendly societies and sustainable cities by providing full-scale test 

facilities for road safety, autonomous and sustainable transport solutions, through technology 

development activities in the energy system and an increase use of renewable fuels, even in 

production system.  

 Building Networks and providing relevant Intelligence and scouting. Leverage relevant 

internal RISE networks and external networks to set up forums to initiate and do case studies, 

prognoses, set scenarios, etc, for the transport system as input data to strategic decision 

making, funding, policies and research. 

 Risk analysis and management of natural disasters and other threats to the society and its 

infrastructure. 
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Key indicators for increasing the use and availability of fossil free fuels  

between 2016 and 2030 
Fossil free 

fuels 
 

Key indicators 
2016-2018 2019-2022 2023-2030 

Activities A few Incentives for fossil free 
fuels/energy for transport 
 
Defined  financing, licenses, 
certification needs for secure 
business models 
 

Smart Incentives for fossil 
free fuels/energy for transport 
 
Crowd sourcing for evolved 
business models 

Incentives for users 
and producers in 
balance 

RISE’s role and 
contribution 

Biofuel production pilot plants  
 
Facts and figures for decision 
and policy makers  
 
System analysis projects 
 

First bio production plants 
inaugurated  

TBD  
 

Progress 
towards vision 

Limited availability of fossil free 
fuels and energy for transport  

Increased availability of fossil 
free fuels and energy for 
transport   

General availability 
of fossil free fuels 
and energy for 
transport. 

 

 

 

 
Key indicators for Network Management Systems to improve the network and 

increase the flow within the system between 2016 and 2030 
Network manage-

ment, logistics 
flow 

 
Activities 

 

 
Key indicators 

2016-2018 2019-2022 2023-2030 
R&D on Network 
Management 
 
 
 
Policy request for Network 
Management Systems 
 

Tests of Network 
Management  systems 
started on large test 
arenas 
 
Policy decisions for 
Network Management 
Systems 
 

Network Management 
systems launched in 
several major cities and 
regions, integrated in the 
City management 

RISE’s role and 
contribution 

Network management 
processes 
 
Investigation of new 
business models 
 
Integrating management 
needs with real time 
logistics needs 
 

Support large demos of  
Network Management for  
energy efficient transport 
at test arenas 
 
Take national leadership 
and have active global 
position 

Support regions/cities 
/stakeholders  with 
Network Management 
for energy efficient 
transport 

Progress towards 
vision 

A few examples of 
Network Management 
and responsibility for 
energy efficient transports 
 

Demos of  Network 
Management for energy 
efficient transport 
 

Network Management 
for energy efficient 
transport established 
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Key indicators for energy efficient solutions in the transport system  

between 2016 and 2030 

Energy efficient 
transport 
solutions 

 
Activities 

 

Key indicators 
2016-2018 2019-2022 2023-2030 

R&D on freight and travel 
management   
 
Partially open business 
and travel info 
 
R&D on exchange points  
management   
 
Partially open logistics 
centers  
 
Tests of weight reduction 
solutions, Increased R&D 
on new LW materials. 
 
Increased requests for 
“Foot print” on materials  
CSR, traceability 

Continuing R&D on freight 
and travel management   
 
Partially open business 
and travel info  
 
Exchange points location 
planning. Continuing R&D 
on exchange points 
management. Partially 
open logistics centers 
 
Tests of weight reduction 
solutions, Continuing R&D 
on new LW materials. 
 
Increased requests for 
“Footprint” on materials  
CSR, traceability 
 

First step of Mobility as a 
service launched   
 
First step of Transport as 
a service launched   
 
City logistics centers: 
location defined 

RISE’s role and 
contribution 

Connected goods 
management, all modes 
 
Connected travel info, 
seamless travelling 
 
Projects and coordination 
of large tests: SICT, VI, 
SP 
 
Facts and figures for 
decision makers 
 
Tests and approval of 
new material. Demos of 
new Lightweight concept 
for freight distribution. 
Lightweight education 
 
CSR/tracebility methods 

Connected goods 
management, all modes 
 
Connected travel info, 
seamless travelling 
 
Projects and coordination 
of large tests: SICT, VI, 
SP 
 
Facts and figures for 
decision makers 
 
Tests and approval of 
new material. Demos of 
new Lightweight concept 
for freight distribution. 
Lightweight education 
 
CSR/tracebility methods 
 

Strong cooperation with 
city authorities 

Progress towards 
vision 

Energy efficient solutions 
for freight and travel info  
 
 
Energy efficient solutions 
at exchange points 
 
 
 
Weight/material for load 
carriers, transport units, 
trailers, etc 

Demos  of energy efficient 
solutions for freight and 
travel info  
 
Several demos of energy  
efficient solutions at 
exchange points  
 
 
Demos of available 
weight/material for load 
carriers, transport units, 
trailers, etc 

Demos  of energy efficient 
solutions – freight and 
travel info 
 
Energy  efficient solutions 
at exchange points in 
place, supporting the 
Physical Internet idea 
 
Demos of available 
weight/material for load 
carriers, transport units, 
trailers, etc 
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Key indicators for the automation of the transport system  
between 2016 and 2030 

 

Automation 
 
 

Activities 

Key indicators 
 

2016-2018 
 

2019-2022 
 

2023-2030 
 
Test of automated 
vehicles  
 
 
 
Regulations and 
procedures defined  to 
establish preliminary 
certification and approval 
methods 
 
Initiate prioritized 
research and introduction 
of the concepts Security-
by-design and Privacy-
by-design 
 

 
TRL 6-9 for automated 
cars and CV. Small fleets 
of automated vehicles for 
industrial use  
 
Regulations and cert 
procedures defined. 
Certification and approval 
methods  
 
 
Cyber security and user 
privacy issues  
Security-by-design and 
Privacy-by-design 

 
Locally automated vehicles 
systems established 
 
 
 
Regulations, cert, and eco 
system management 
 
 
 
 
Cyber security proof of 
concept for automated 
vehicles in place  

 
RISE’s role and 

contribution 

 
Projects and 
coordination: SP, SICT, 
VI  
 
AstaZero - Test of 
automated vehicles  
 
National and international 
leadership, for tests and 
certification 
 
Take national leadership 
and have active global 
position 
 
Methodology & analysis 
of system impacts 
 

 
Projects and 
coordination: SP, SICT, 
VI  
 
AstaZero - Test of 
automated vehicles  
 
National and international 
leadership, for tests and 
certification 
 
Take national leadership 
and have active global 
position 
 
Methodology & analysis 
of system impacts 
 

 
Strong cooperation with 
authorities and industries 

 
Progress towards 

vision 

 
Test of automated 
vehicles at AstaZero 
 
National and international 
leadership for tests and 
certification  
 
Willingness to take a 
national leadership and 
have active global 
position within the 
cybersecurity area  
 

 
Projects and 
coordination: SP, SICT, 
VI  
 
AstaZero – Certification 
of automated vehicles  
 
 
Established national and 
international leadership, 
arenas, etc. 

 
Launch of automated  
commercial vehicles  
 
Safe and secure automated 
vehicles launched  
 
 
Cyber security of 
automated vehicles 
improved 
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Key indicators for electrification of the transport system between 2016 and 2030 

 

Electrification 
 
 
 

Activities 

Key indicators 
 

2016-2018 
 

2019-2022 
 

2023-2030 
 
Road infrastructure and 
communication tools 
encouraging the use of 
electric vehicles 
 
Manufacturing of long 
life, safe and cheap 
energy storage 
systems with advanced 
energy and power 
density 
 
Charging at enhanced 
speed. Standardization 
for (fast-)charging in 
place 

 
Extensive integration of 
electric vehicles with 
other modes of 
transport 
 
 
Higher energy density 
batteries with improved 
performance to a lower 
price. EU production 
starts  
 
 
Matching V2G in mass 
production. 

 
Integration of 
EV in multi-modal 
transport system 
 
 
Move towards Post Li-
Ion 
batteries. High 
performance low costs 
batteries produced in 
EU 
 
 
Wide spread fast 
charging and bi-
directional 
capabilities 

 
RISE’s  role and 

contribution 

 
Take a cross-functional 
responsibility for a 
wider perspective 
through the whole 
chain: Research, math, 
simulation, test, demos 
living labs, FOT, 
certification, approval, 
regulations  
 

 
Take a cross-functional 
responsibility for a 
wider perspective 
through the whole 
chain: Research, math, 
simulation, test, demos 
living labs, FOT, 
certification, approval, 
regulations  

 
Take a cross-functional 
responsibility for a 
wider perspective 
through the whole 
chain: Research, math, 
simulation, test, demos 
living labs, FOT, 
certification, approval, 
regulations  

 
Progress towards 

vision 

 
Second gen EVs 
introduced.  Mass 
production starts. 
Updated powertrain.  
 
 
 
Operators continue to 
invest in electric buses 
for operation 
 
 
 

 
Approximately 2-5 
million dedicated 
electric vehicles 
  
Mass production of 
novel platform based 
on overall improved 
system integration. 
 
Truck electrification for 
urban transport 

 
Third generation EV 
with a fully revised EV 
concept  
 
15 + million vehicles in 
EU 
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Key indicators for connected vehicles in the transport system 

between 2016 and 2030 

Connected 
vehicles 

 
 

Activities 

Key indicators 
 

2019-2022 
 

2019-2022 
 

2023-2030 
 
V2I/V2X solutions tests 
 
Definition of  a V2I/V2X 
eco-system  

 
V2I/V2X solutions in larger 
scale 
 
V2I/V2X ecosystem 
management  definition 
and an increased requests 
of footprint 
 

 
A general V2V/V2X 
eco-system and 
management model 
launched  

RISE’s  role and 
contribution 

Demo projects and 
coordination: SP, SICT, VI 
, AZ 
 
Methodology for & analysis 
of system impacts 
 

Certification of ICT 
solutions: SP, SICT, VI 
 
Develop proof of concept 
methods 

 

Progress towards 
vision 

Proof of concept for 
improved efficiency, 
availability and flexibility 
through ICT,  for freight 
and transport 

Demonstrated and 
increased availability and 
flexibility through ICT  
 
Certification for ICT 
solutions 
 

General availability 
and improved flexibility 
through ICT 
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Conclusion and summary  
The transport sector is a complex area with several system-of-systems that interact with other 

systems-of-systems. It is essential for our prosperity and is embedded into the Western lifestyle 

through trade, mobility and personal freedom. The Swedish government explains that “Transport links 

the country and is a key pre-requisite for a growing economy, population growth, and improved 

opportunities for commuting, visits and increased employment. An efficient transport system is a 

prerequisite for companies to operate throughout the country.” 

 

 
Key indicators for the service logic and value-in-use between 2016 and 2030 

 

Service logic 
 

Activities 
 

Key indicators 
2016-2018 2019-2022 2023-2030 

The importance of 
human values in 
disruptive changes 
 
Values, needs and 
technology defining the 
future system 

The democratic 
perspective on mobility 
 
 
Re-defining public 
transportation, New 
types of transporters  
(EL-Vs / transport pods) 
replace PT and city 
logistics vehicles 
 
The transition from 
ownership to mobility 
services 

 

Network management 
systems focusing on 
safety, efficiency, 
quality and 
sustainability 
 
 

RISE’s role and 
contribution 

The service logic in 
transportation  
 
Investigation of new 
business models 
 
The role of ICT in the 
transition to mobility as 
a service 
 
The balance between 
technological and 
human drivers 
 

Include human values 
needs and the 
importance of design as 
key indicators for the 
experience and the 
value-in-use 
 
The balance between 
technological and 
human drivers 

Support regions/cities 
/stakeholders to 
include human values 
and sustainability 
when implementing 
Network management 
systems for energy 
efficient transportation 

Progress towards 
vision 

New value proposition 
in mobility 

Test and trials of 
mobility services 
 

Network management 
systems for energy 
efficient transports 
established 
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RISE’s work  in the energy efficient 

transport area will address: Fossil-

free energy in the transport system; 

Energy-efficient transport solutions; 

Connected and automated vehicles; 

Service logic and value-in-use; and 

the interaction with societal  

challenges , such as greenhouse gas 

emissions and pollution; raw 

materials and resources; road safety; 

congestion; and adaptation to an 

aging population. Our vision and 

roadmap address a transportation 

system that includes personal 

vehicles, public transport vehicles, industrial vehicles, trucks, rail vehicles, aircraft and ships. We 

envision and will work towards a system that can meet increased transport needs through energy 

efficient transport and at the same time offer flexible personal mobility and freight transport across 

transport modes, without hampering social and economic goals, locally or globally, and in balance 

with other infrastructure. 

Thanks to RISE’s polytechnical structure, we can unite our knowledge and competence and take a 

holistic approach on important issues across these areas. We have a unique opportunity to provide 

added value to society and our customers, by working with societal challenges and relevant thematic 

issues at a high system level and relating these to different technologies in our focus areas.  

 

Appendix: Relevant sectors and actors 

 The automotive industry (Volvo, Volvo Cars, Scania, NEVS, CEVT) 

 Rail vehicle industry (e.g. Bombardier) 

 Offshore, ports and shipbuilding (Maersk, Port of Gothenburg, FKAB etc.) 

 Component suppliers to the automotive industry - Tier 1 (Plastal, LEAR, Denso etc.)  

 Transport Operators (Schenker, Bring, Maersk etc.) 

 Energy Companies (Vattenfall  etc.) 

 Funders, FFI (Energy Agency, Vinnova, the Swedish Transport Administration, etc.) 

 Decision makers: Government, Ministry of enterprise, Swedish cities and regions; European 

DG’s RTD, GROW, ENER, MOVE, CNECT, et al. 

 

Contacts 

Main author and contact    

Anders Johnson  anders.johnson@sp.se  +46 10 516 59 72 

 

Additional contributors 

Magnus Olsson  magnus.olsson@sp.se +46 10 516 58 82 

Niklas Johansson  niklas.johansson@tii.se  +46 70 225 94 88 
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RISEnergy Roadmap 

Electric Power System 
 
RISE Research Institutes of Sweden is a group of research and technology organisations. In global 

cooperation with academia, enterprise and society, we create value, growth and competitiveness 

through research excellence and innovation. 

 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 

 Energy Efficient Transport 

 Electric Power System 

 Energy Efficient and Smart Buildings 

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels and other 

products 

 Efficient Energy Use in Industry 

 Decarbonisation of Basic Industries 
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Description of the Innovation Area 
The roadmap “Electric Power 

System” encompasses renewable 

electricity generation, storage, 

transmission, distribution and 

techniques for balancing the 

power system. The roadmap 

treats both the development of 

the Swedish power system, and 

actors within it, as an integrated 

part of the Nordic and Pan-

European power system and 

market. It also considers the 

perspective of technology 

providers developing new 

products and services for the 

global market.  

An important aspect of the Swedish power system is the fully deregulated and unbundled market. This 

means that transmission, grid, generation and trading are completely separate business. The grid 

operators are regulated monopolies while the producers, retailers and consumers act on an energy 

market under competition. This makes the investment conditions very different between these two 

partly separate systems, a fact that needs to be carefully considered when identifying possible 

development paths for the system and market. Furthermore the price mechanism is based on a full 

energy-only market which gives few advantages to flexibility aspects of the products. 

Four areas 

This roadmap includes all parts of the value chain of the physical flows of electricity as well as the 

energy trading through the market. Since the perspective applied in this document is broad, the 

roadmap has been divided into four areas with associated technologies and non-technical innovations 

according to the following:  

 Market design and balance management, including new market roles e.g. aggregators, 

flexibility in industrial electrical power usage, and ICT, automation and coordination of 

balancing resources. The end user market is also considered here. 

 Renewable electricity generation, including solar photovoltaic (PV), offshore and onshore 

wind power, and ocean energy. 

 Transmission and distribution, including technologies such as DC and power electronics, 

microgrids, automation and communication. 

 Storage, including stationary solutions connected to the grid, such as batteries, and hydrogen 

and P2G/P2L solutions. 

The above areas encompass the technological perspective as well as the business and service 

perspectives. Non-technical innovations, the development of viable business cases, and market 

design are of crucial importance in order to achieve a sustainable electric power system. 

 

      The power system and market. Source: SvK 

The power system and market. Source: SvK. 
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Interfaces with other roadmaps 

The roadmap has interfaces with several other roadmaps according to the following:  

 Electricity production based on combustion of biomass is covered in the roadmap “Sustainable 

thermal processes for conversion of biomass and waste to energy, fuels and other products”. 

The role of buildings in the 

power system is a part of this 

roadmap, while the 

development of the buildings 

to become a more integrated 

part of the system is included 

in the roadmap “Energy-

Efficient and Smart 

Buildings”. The impact of a 

changed consumption pattern 

(load profiles) is in included 

in this roadmap.  

 The “Energy-Efficient 

Transport” roadmap 

considers the development of 

electric vehicles (EVs). 

However, power system 

aspects on charging of EVs 

and the impact of EVs on the 

electric power system and market is included here. 

 The roadmap “Decarbonisation of Basic Industries” treats technologies for production of 

hydrogen through electrolysis. The role of hydrogen as storage in the electric power system is 

included in this roadmap. 

 An important area is the coordination of generation, storage, distribution and consumption in 

the power system. This requires access to information and thereby ICT is of vital importance. 

This roadmap includes the electrical components, markets and business models while the 

roadmap “Digitalisation” includes development of ICT facilitating digitalisation. 

 The development of electricity generation relies on new advanced materials. This is not a part 

of this roadmap but is included in the “Materials” roadmap. 

 

Societal challenges 
The transformation of the energy system is crucial to the mitigation of climate change. Investments in 

renewable energy generation are considered as key to meet the global 2 degrees scenario, and the 

International Energy Agency (IEA) states that these investments must increase globally from today’s 

level of 270 billion $US to 400 billion $US by 2030
1
 . The Swedish government states that the country 

                                                      
1
 Energy Technology Perspectives 2015 – Mobilising Innovation to Accelerate Climate Action, International 

Energy Agence (IEA), 2015. 

Interfaces with other RISE Roadmaps. Energy Roadmaps in dark blue. 
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by 2050 will have a secure, sustainable and resource-efficient energy system with zero net emissions 

of C02. This will require investments in renewable generation also in Sweden. 

This constitutes a challenge for the electric power system and market, which needs to become more 

flexible in order to manage intermittent power production, a large-scale introduction of EVs, etc. 

These challenges are addressed from a Swedish perspective in the Swedish Coordination Council for 

Smart Grids roadmap, in which a number of recommendations are made to facilitate the development 

and deployment of smart grids in Sweden
2
. The Swedish Energy Agency emphasises the importance 

of research and innovation related to the challenges of a sustainable, robust and flexible energy system 

in their research and innovation strategy for 2017-2020
3
.   

Based on the above mentioned strategies and publications, the following societal challenges for the 

electric power system and market can be identified: 

 Creating a sustainable electric power system, contributing to the aims of a sustainable energy 

system. This will require investments in new renewable electricity generation capacity. 

 Maintaining the reliability, robustness and security of supply of the electric power system. 

Flexibility on all system levels is a key factor for ensuring the efficiency and secure operation 

of the future system. 

 Creating market designs and business models facilitating investments. Further developed 

market designs and innovative business models are needed to facilitate the investments needed 

to reach set goals. 

 Create market conditions facilitating entry for new market actors, thereby promoting 

innovation in technology and services. 

 

Vision 2030  
By 2030, Sweden has one of the world’s most stable and flexible electric power systems. The vision is 

a sustainable, resilient and robust electricity system, ensuring long-term access to fossil-free, stable 

and renewable energy for Swedish industry, consumers and transport sector, with competitive 

electricity prices.  

An overarching characteristic of the system by 2030
4
 is the combination of centralized and 

decentralized solutions. Large-scale solutions are still the backbone of the system as a whole, but 

distributed resources play important roles in the system. This has increased the complexity of the 

system and the need for ICT solutions and coordination throughout the system. 

The Swedish market is also strongly influenced by globalization both physically and technologically. 

The physical internationalisation is due to a larger number of interconnectors between Sweden and 

other countries as well as connections between other European markets. More international companies 

are also entering all parts of the Swedish market. 

 

                                                      
2
 Planera för effekt, Samordningsrådet för smarta nät, SOU 2014:84, 2014. 

3
 Helhetssyn är nyckeln – Strategi för forskning och innovation på energiområdet 2017-2020, 

Energimyndigheten, 2015. 
 

28



 Electric Power System 

 

 

6 

 

 
Distributed resources, ICT etc. Source: ETP Smart Grids 

 

Market design and balance management 

The stronger connection to the pan-European power system, and the harmonisation of market rules 

throughout the EU, has led to new business opportunities for Swedish actors in providing carbon 

neutral, prime balancing power to continental Europe. This has been made possible due to the highly 

flexible Swedish and Nordic production mix as well as flexibility in demand.  

The market prices are on average low in Sweden, but the volatility of the prices has increased due to 

the large share of intermittent production. This has made it possible for new actors, business models 

and services to be established on the market. One example of this is aggregators, facilitating 

consumers to take a more active market position, playing an important role on the market. This has 

made demand flexibility available on the wholesale market as well as for system services purposes.  

The transport system includes a large amount of EVs and smart charging solutions where both the 

state of the market (e.g. available production capacity in renewables) and the grid (e.g. congestion and 

voltages) are taken into account. This contributes to increasing the hosting capacity of the distribution 

network. 

Swedish industries have embraced the role as integrated parts of the electric power system, and are 

considered as active actors on the wholesale market as well as suppliers of ancillary services. This has 

been facilitated by innovations in technology and in new business models related to industrial energy 

consumption. 
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Renewable generation 

By 2030, the Swedish power system contains large amounts of renewable power generation and the 

development is accelerating. Renewables are the most competitive electric power source and the 

natural choice when exchanging old and investing in new production capacity. Investments have been 

made in large wind farms such as Markbygden in the north as well as in smaller farms in the southern 

parts of Sweden. The major part of wind power is onshore, but some investments have also been 

undertaken in offshore farms in the Baltic Sea at significantly lower cost than offshore installations in 

deeper water. Efficient operation of wind farms in cold climates has been resolved by established 

concepts addressing e.g. ice formation. 

Concerning solar power generation, rapid development of cost-efficient manufacturing and installation 

processes of photovoltaic (PV) modules, new materials, and support through government subsidies, 

have led to new investments and a significant share of the annual electricity generation in Sweden. 

While the owners of wind power production mainly consist of companies, PV installations have 

mainly been made on residential buildings and are owned by the building owners. PV is connected to 

the distribution (low) voltage level in the system, while wind farms are connected to the regional or 

transmission grid.  

Ocean energy systems are developed by Swedish companies and have generated export opportunities 

for Swedish technology providers.  

Transmission and distribution 

By 2030, the transmission grid has been reinforced both within the country and with several new 

connections to the pan-European system. This has led to an increased integration with neighbouring 

countries, which is in line with the ambition of the Energy Union. Market rules and designs are 

harmonized, facilitating trading over system borders. 

Within Sweden some of the larger wind farms, onshore and offshore, have built their own local grid 

based on DC. The power is converted to AC in a certain point and injected into the transmission 

system. This has proven to be an economically efficient solution and also allows the wind power 

operators to supply system services such as synthetic inertia and voltage control to the system 

operator. Systems, cables and power electronics enabling efficiently management of off-shore wind 

power and ocean energy are all commercially available.  

DC is also being introduced in specific applications in the distribution grid e.g. for dedicated 

reinforcements where a high degree of controllability is required. This becomes an area where 

Swedish manufacturers are market leaders.  

The role of distribution system operators (DSOs) has been expanded by 2030. The large scale 

introduction of PV has led to more active distribution grid management and operation, and thereby a 

need from such operators for metering, sensors and automation of the grid. The DSOs have changed 

their tariff structures radically in order to meet the demand from end customers, which to a larger 

extent use the grid as a backup for their local generation.  

The number of DSOs is by 2030 radically reduced from the 170 in existence 2016. The consolidation 

has resulted in more advanced distribution management systems and workforce management in order 
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to compensate for reduced local presence. Second generation smart meters have been rolled out as a 

basis for this evolution and for many other new services offered by DSOs and other service providers. 

On a local level, actors and geographical areas having specific conditions chose to focus on the local 

system and microgrids in order to become more self-sufficient and independent. This has also induced 

the need for a local system operator, managing the operation of the microgrid. The microgrid operator 

use the resources within the microgrid to take an active position on the electricity market as well as 

provisioning system and grid services to the transmission system operator (TSO) and DSOs. 

In both Europe and in developing countries there is a large interest for microgrids, and Swedish 

manufacturers of microgrid technologies are successful in developing and delivering solutions on the 

international market. Such technologies consist of electric power components, as well as ICT, data 

management and control systems for microgrid operation.  

Storage 

Energy storage solutions play important roles in the power system, especially on lower voltage levels. 

The value of storage mainly relates to downstream/behind-the-meter services where the driver is the 

benefit of either lowering tariff costs or matching PV installations. Using storage for grid support and 

services also generates value, but batteries purely for grid operation are still not profitable.  

Weight is not an issue for stationary storage and lead-acid batteries are mainly applied due to low 

costs. Further, recycled batteries from the transport sector, i.e. electric cars, buses, etc., have found a 

second-life in large-scale battery packs for electric power system applications. 

Research on new technologies for large-scale seasonal storage, including the use of hydrogen, is 

ongoing. The main interest in hydrogen is however related to industrial use in order to reduce the 

carbon footprint of steel production. Deployed on a large scale, this will have a significant impact on 

the demand for electricity. In 2030 this is still on a pilot and demonstration scale.   

Another possibility for short- to medium-term storage is the usage of power-to-heat and heat-to-power 

solutions. Such storage solutions have been demonstrated and have been applied for commercial 

purposes on a limited scale. 

The demand for battery solutions 

requires testing and verifying of 

battery packs in order to meet 

regulatory requirements related to 

e.g. safety. There is also demand 

for battery diagnostics to help 

maximize storage device 

efficiency.  

Wildcards to consider 

The development of the electric 

power system and market is 

heavily influenced by political 

decisions on national as well as on 
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EU level. Further, attitudes and awareness concerning e.g. integrity and self-sufficiency can create 

different market conditions for actors in the system. Below follow three wildcards with the potential to 

alter the future as described by the vision. 

 Political decisions on nuclear power, facilitating a renewal and replacement of existing nuclear 

stations under economic viable conditions for plant owners. This leads to lower incentives to 

invest in wind- and solar power production, and less interest in local solutions. Hence, the 

overall system development focuses on centralized large-scale resources and the decentralized 

elements of the vision do not emerge.  

 Public debate on integrity and self-sufficiency leads to a strong movement towards lower 

quality as an acceptable trade-off for being disconnected from the grid. The decentralization of 

the system is accelerated. 

 The exit of Great Britain from EU is followed also by other countries within the European 

community. As a consequence there is less collaboration on European level resulting in a more 

local energy system and a different price development. 

Development path 
Below key factors and development paths for the identified areas are presented in the context of the 

vision. Contributions of RISE are also enumerated. 

Market design and balance management 

A key factor for balance management is to create and identify new market designs and business 

models facilitating services for residential consumers, industry, DSOs and grid owners, and TSO. Key 

R&D areas related to this are: 

 Innovative market designs facilitating efficient use of distributed resources. 

 Systems and methods for real-time balancing of the power system, including ICT and 

automation. 

 Smart charging of electric vehicles. 

 The role of industrial consumers in the electric power system and market. 

 Energy systems integration and synergies, e.g. electricity and district heating. 

 New market roles and business models, e.g. aggregators. 

 Servitization of the electricity system and market. 

Contribution by RISE: 

 R&D on new market roles, including industrial consumers and aggregators through 

quantitative and qualitative analyses.  

 Analyses on innovative market designs for local as well as for national/regional electricity 

markets. 

 R&D and analyses on aggregated demand response and smart charging of electric vehicles. 

 Support the development of new services and non-technical innovations for existing and new 

actors on the electricity market. 

 R&D on integration of energy systems. 
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Key indicators for new market designs and business models for balance management 
between 2016-2030 

 
 Key indicators 

2016-2020 2021-2025 2026-2030 
Activities Studies on policy 

development to facilitate 
new business. 
 
Studies on technical and 
economic synergies of 
energy systems 
integration.  
 
R&D on business models 
and market designs. 
 
R&D on non-technical 
innovations for electricity 
system and market 
applications. 
 
 

Implementation of new 
policies and market rules 
facilitating aggregators and 
other actors. 
 
Pilots and demonstrations 
on innovative business 
concepts, including 

 aggregators 

 the role of industrial 
electricity users on the 
market 

 smart charging of EVs 

 synergies between 
energy systems. 

Deployment of non-
technical innovations and 
business models. 
 
Establishment of local 
markets. 
 
Deployment of new 
business concepts, e.g. 
smart charging of EVs, 
aggregators, industrial 
flexibility and energy 
systems integration. 
 

RISE’s role 
and 
contribution 

Development of process 
to support actors work 
with non-technical 
innovations. 
 
R&D and desktop studies 
on the potential of the 
integration of electricity 
and district heating. 
 
R&D on new business 
models and concepts, and 
the impact of new market 
designs. 
 

Performing pilots and trials 
together with new and 
existing actors on the 
market for development of 
new technologies and 
services. 
 
Provide decision support to 
decision makers on policy 
development concerning 
market design and 
integration of energy 
systems. 
 
Leading and performing 
R&D activities on 
innovative business 
models. 
 

Support new and existing 
actors on the market for 
development of new 
services using validated 
methods. 
 
Supporting new business 
models and concepts in 
the deployment phase 
with analyses. 
 
 

Progress 
towards 
vision 

Price volatility is low; 
hence low incentives to 
provide new services for 
balancing. 
 
 

The increase of non-
controllable generation has 
led to an increased interest 
in new solutions for balance 
management on all levels 
in the system. 
 

New services, business 
models and actors have 
emerged, facilitating an 
efficient use of available 
resources for balancing. 
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Renewable production 

The main factor concerning renewable electricity production is how to increase the amounts of 

renewable generation in the electric power system. Key R&D areas to facilitate such a development 

are the following: 

 Hydro power: Efficient and economical utilization of the hydropower in order to mitigate the 

increased share of non-controllable generation sources, e.g. rapid ramping, start end stop 

sequences etc. 

 Wind power: Efficient operation and cost reduction. Upscaling of power plants. Repowering 

of existing sites. Systems and materials for operation in cold climate. Systems for offshore 

wind power. Power electronics enabling grid and system services. Tools for production 

forecasting.  

 PV: Manufacturing and installation cost reduction. Materials/concepts for PV cells and 

modules. Module-integrated power electronics. Smart inverters for efficient connection to 

household and low voltage grids. Services and business models. Support policy models. 

 Ocean:  Reliable operation and cost reductions. Collection networks for floating devices. 

Contribution by RISE: 

 Wind power:  

- Development of new materials and concepts for de-icing and operation of wind power in cold 

climate. 

- Enabling technology development for wind power through test beds for wind power in cold 

climate and offshore solutions. 

 

 PV: 

- R&D on materials and manufacturing processes of PV cells and modules, including Grätzel, 

polymers and perovskites.  

- Support the development of new services for PV installations and market integration through 

R&D and (innovation) process management, e.g. connecting essential stakeholders and 

bringing them all the way from idea to market introduction.  

- Act as an interface between system providers and their clients on one hand and regulatory 

bodies and politicians on the other. 

- R&D on DC systems for PV integration into local networks down-stream meter, and studies 

and analysis of hosting capacity of PV for distribution grids. 

- Contributing to adapting smart inverter technology (PV) for the Swedish market 

 

 Ocean:  

- Support the technology development by providing test beds and R&D activities on structures 

etc. 

- R&D activities on structures and technologies. 
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Key indicators for increasing renewable electricity production between 2016-2030 

 
 Key indicators 

2016-2020 2021-2025 2026-2030 

Activities Establish test beds to 
support innovation for 
wind power in cold climate 
and ocean power. 
 
R&D on e.g. 

 efficient operation and 
asset management of 
wind power 

 materials and 
manufacturing 
processes for PV and 
wind power 

 electrical components 
facilitating integration of 
renewables. 

 
Support and subsidies for 
PV installations. 
 
Development of new 
services and business 
models related to 
renewable generation. 
 

Tests, pilots and 
demonstrations using 
established test beds. 
 
Validation of new methods 
and tools for efficient 
operation and cost 
reductions for wind power.  
 
Lab-scale trials on new PV 
materials and 
manufacturing processes. 
 

 Large-scale trials on 
innovative business 
concepts and services 

Implementation of new 
solutions related to wind 
power in cold climate and 
efficient operation and 
maintenance. 
 
Demonstrations in real-
life environments of new 
PV cells and modules. 
 
Innovative business 
concepts available on the 
market. 

RISE’s role 
and 
contribution 

Leading test bed 
development process for 
e.g. wind power and 
ocean power. 
 
Lead and perform R&D 
projects. 
 
Facilitate development of 
policy instruments through 
R&D and communication 
activities.  
 

Host and lead established 
physical test beds. 
 
Validate and test new 
materials and concepts in 
lab environments. 
 
Lead and perform R&D 
projects. 
 
Facilitate and support 
business innovation. 
 

Support the large-scale 
deployment of tested 
equipment. 
 
Lead and perform R&D 
projects. 
 
Support stakeholders in 
business development  

Progress 
towards 
vision 

Large interest in PV but 
small amounts installed. 
New wind power is being 
built to meet future 
demand. Solutions for 
ocean power are 
demonstrated. 

Ongoing establishment of 
PV. Wind power 
competitive and profitable 
and large wind farms are 
established. 
Technologies for ocean 
power validated. 
 

Large amounts of PV, 
main establishment in 
southern Sweden. Export 
of validated ocean power 
technologies. 
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Transmission and distribution 

A key factor for transmission and distribution is how to increase the capacity and flexibility of the grid 

as a whole and thereby facilitate a larger share of intermittent production at different system levels as 

well as a large-scale introduction of EVs. In short this will require more monitoring and control on all 

voltage levels in the system. Key R&D areas: 

 Transmission: Development of power electronics and cost efficient HVDC technologies. 

Methods to estimate flexibility in real-time. New technologies and materials for high voltage 

solutions. 

 Distribution grid automation, measurements, monitoring and control of the entire grid. 

Methods to assess the flexibility and capacities. New innovative tariff structures. The extended 

role of the 

distribution grid and 

operators, including 

providing ancillary 

services to overlaying 

grids. DC 

applications, efficient 

connection of 

renewables.  

 Microgrids: 

Technologies such as 

ICT, data 

management and 

automation. Business 

models. 

Contribution by RISE: 

 Test beds facilitating innovation in high voltage technologies. 

 R&D for extended use of meter data in grid operations, and for using metering data and other 

information sources for understanding frequency degradation in the grid. 

 R&D on robust and secure ICT solutions for grid operation purposes. 

 R&D and services on flexibility assessment and estimation based on data analytics. 

 R&D on impact of policies such as grid regulation. 

 Test bed for microgrid solutions and business concepts, integrating electric power system and 

ICT systems. Facilitating R&D, testing and validation of microgrid components (local 

production, storage, EV charging, etc.), control equipment, etc. 
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Key indicators for increased capacity and flexibility of the transmission and 
distribution system between 2016-2030 

 
 Key indicators 

2016-2020 2021-2025 2026-2030 

Activities Investments in 
transmission networks. 
 
R&D on distribution grid 
management and 
flexibility. 
 
First microgrid trials 
outside lab environments. 

Ongoing investments in 
transmission, including 
connections to surrounding 
countries. 
 
Demonstrations of 
automation, ICT, etc. for 
distribution grids. 
 
Development of grid 
regulation policies to 
facilitate new tariff 
structures. 
 
Demonstrations of 
microgrids in real-life 
environments. 

 

Integration of the 
Swedish and Nordic 
system with the 
European system. 
 
Grid management 
systems, facilitating 
flexibility, 
implementations for 
distribution grids. 
 
Microgrid components 
and systems available on 
the market.  
 

RISE’s role 
and 
contribution 

Lead and perform R&D 
projects, e.g. studies on 
flexibility assessment. 
 
Develop new and 
improved existing 
methods for testing and 
validation. 
 
Lead the process of 
developing new test beds 
for microgrids. 
 

Lead and perform R&D 
projects. 
 
Support on policy 
development regarding e.g. 
grid tariffs. 
 
Implement methods for 
testing and validation and 
offer to market. 
 
Host and develop microgrid 
test bed. 
 

Lead and perform R&D 
projects. 
 
Offer services for e.g. 
flexibility assessment 
based on previous 
research. 
 
Support deployment of 
microgrid technologies 
and services through test 
bed. 

Progress 
towards 
vision 

Transmission grid 
reinforcements within 
Sweden, as well as 
connections to Nordic 
countries. New systems 
for efficient distribution 
grid management being 
developed. 

New connections to 
continental Europe are 
built. The grid is becoming 
more flexible due to 
improved measurements 
and systems. Microgrids 
are being developed. 
 

Fully integrated market 
and system with Europe. 
DSOs offers system 
services to TSOs. 
Microgrids are deployed 
without support in terms 
of subsidies etc. 

 

Storage 

The primary challenge is to make storage solutions competitive and cost efficient for power system 

applications and applications in buildings. Key R&D areas include the following: 

 Development of cost-efficient stationary electrical storage solutions, including efficient use of 

existing batteries and second-life. 

 Diagnostics and monitoring of battery solutions concerning e.g. capacity, state of health, and 

stored energy. 
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 Materials for high-power batteries for large-scale applications. 

 Security and safety of battery storage. 

 Innovative medium and long-term storage solutions, e.g. hydrogen and thermal-electric 

storage. 

Contribution by RISE: 

 Supply test bed for battery solutions for safe operation. 

 R&D on diagnostics and measurements of battery packs and cells. 

 R&D on materials for next generation of batteries 

 R&D on the potential for hydrogen as storage for electrical power applications and the use of 

thermal-electric storage solutions. 

 Support on policy development for secure and safe operation and design of battery packs. 

Key indicators for developing competitive storage between 2016-2030 
 

 Key indicators 
2016-2020 2021-2025 2026-2030 

Activities Studies and demonstrations 
on storage solutions, 
including 

 second-life solutions 

 diagnostics 

 new materials and 
concepts  

 
 
 

Large-scale 
demonstrations of 
distributed storage (in 
buildings) 
 
Development of policies 
and regulation for battery 
storage. 
 
Development of system 
services and the 
integration of 
storage/buildings into the 
electric power system. 
 

Deployment of 
distributed storage, 
mainly through smart 
buildings and 
microgrids. 
 
Business concepts and 
services available on 
the market related to 
integration of 
distributed storage and 
grid support. 

RISE’s role 
and 
contribution 

Lead and perform R&D on 
e.g. measurements and 
diagnostics. 
 
Develop test beds facilitating 
innovations and safe 
operation of battery packs. 
 
Studies on the potential for 
different storage solutions, 
e.g. batteries, hydrogen, 
thermal-electric storage. 
 

Lead and perform R&D on 
e.g. measurements and 
diagnostics, and the 
possibilities of using 
hydrogen and thermal-
electric systems as 
storage. 
 
Host and lead test beds. 
 
Support policy makers on 
safe operation of battery 
packs. 
 

Facilitate deployment 
of storage solutions 
through test beds.  
 
 

Progress 
towards 
vision 

Some distributed short-term 
storage (in buildings) has 
been built.  
 
DSO starting to plan more in 
detail for storage solutions to 
meet future integration of 
distributed generation. 

Distributed storage being 
deployed in e.g. microgrid 
concepts.  
 
 

Distributed storage, in 
combination with local 
production, is widely 
used. Business 
concepts and services 
available related to e.g. 
provisioning the grid 
with system services. 
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Stakeholders and target groups 
The topic of this roadmap addresses a number of actors and stakeholders, ranging from commercial 

companies to public authorities. The development of the electric power system and market is heavily 

dependent on political decisions being implemented through policies, and thereby impacting actions 

and investments made by commercial actors. Reaching the vision for 2030 requires collaboration with 

and between various partners. Below follow some of the national stakeholders of this roadmap who 

need to be involved in the development paths.  

Stakeholder group National stakeholders 
Authorities Energy Agency, Energy Market Inspectorate, Svenska 

Kraftnät, political initiatives e.g. Energikommissionen 

Commercial actors Energy companies, e.g. grid owners, retailers and 
producers; technology providers; new business 
entrepreneurs, e.g. energy service companies; industrial 
electricity users; technology providers and equipment 
manufacturers; and consultants. 

Industry associations E.g. Energiföretagen, Teknikföretagen, Energiforsk 

Academia Universities and research institutes. 

User organisations Non-governmental organizations (NGOs), e.g. Sveriges 
Konsumenter. 

 

Conclusions 
The roadmap “Electric Power System” encompasses the whole value chain from production to end-

use, both from a technical perspective as well as from a market perspective. Four areas are considered 

in this roadmap: Market design and balance management, renewable electricity generation, 

transmission and distribution, and storage. Together these areas cover a vast number of technologies 

and non-technological innovations. The vision formulated in the roadmap for 2030 shows a system 

combining large-scale centralized solutions in combination with distributed resources, local systems 

and microgrids. In short the vision can be stated as: 

“Efficient use of central and decentralized resources to achieve a 

sustainable, reliable and flexible electric power system.” 

In order to reach this vision, new technologies, business models and market designs must be 

developed, implemented and deployed. The roadmap presents a development path for each area, based 

on the following four key factors for accomplishing the vision: 

 Create and identify new market designs and business models; 

 Increase the amount of renewable generation; 

 Increase the capacity and flexibility of the grid as a whole; 

 Make storage solutions competitive and cost- efficient. 

The development of solutions for the future electric power system requires an interdisciplinary 

perspective encompassing knowledge on electrical power, ICT, market design, service development 

and more. RISE, as a polytechnic research institute, has excellent opportunities to support and 

contribute to the development of the future electric power system and market by combining 

competences as well as providing expert knowledge in specific areas.  
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A unique vision of tomorrow’s energy-efficient and smart buildings: the self-sufficient house. (Hus utan 

Sladd, Wenngarn, photo by Annelise de Jong) 

 

RISEnergy Roadmap  

Energy efficient and Smart Buildings  
 

RISE Research Institutes of Sweden is a group of research and technology organisations. In global 

cooperation with academia, enterprise and society, we create value, growth and competitiveness 

through research excellence and innovation. 

 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 

 Energy Efficient Transport 

 Electric Power System 

 Energy Efficient and Smart Buildings 

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels and other 

products 

 Efficient Energy Use in Industry 

 Decarbonisation of Basic Industries 
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Description of the Innovation Area 
This roadmap describes the vision of RISE for the development of smart and energy-efficient 

buildings. It outlines various development pathways for technologies, non-technical elements (market 

design, user behaviors, policies, etc.), and key actors that lead to a plausible, desirable vision for the 

area of energy-efficient and smart buildings in 2030
1
. Furthermore, the Roadmap proposes how RISE 

and its competencies can contribute to the achievement of the vision.   

 

There is a large potential for optimizing buildings to energy efficiency goals. Currently, about 35% of 

the EU's buildings are more than 50 years old and do not meet current standards for energy efficiency. 

Turnover is slow: 90% of the building stock in Sweden in 2020 is already in place today. While most 

new buildings are built in an energy-efficient way, the potential for integrated renewable energy 

sources is not fully tapped. This suggests that the innovation area should address both retrofits of 

existing buildings and integration of renewable energy sources in all buildings.  

 

Furthermore, new developments within Information and Communication Technology (ICT) can 

support energy efficiency as well as additional smart functions in buildings, such as safety and 

security, healthcare, indoor climate functions, etc. Regulations and incentives are another important 

element of the vision, since they will be required to address the potential and barriers to 

implementation of smart and energy-efficient buildings. 

 

System Boundaries 
This roadmap includes energy-efficient and smart buildings in three groups: 

 

 Self-contained houses 

 Blocks of flats (rental apartments, housing associations etc.) 

 Commercial buildings (industrial buildings, offices, public buildings etc.) 

 

These three groups are all included in this roadmap and have both common and particular challenges. 

 
This roadmap covers the building envelope as well as all the equipment and intelligence put into the 

building, i.e. everything downstream from the energy meter (see Figure 1). In addition, integration of 

renewable production and storage in buildings is part of this road map. Also, integration of new 

materials in the building are included. New materials might be for example be materials based on 

biological sources, carbon fibers etc. 

 

 

 

 

                                                      

 
1
 On a European level, three goals are stated by the European Commission until 2030. Firstly, a 40% reduction in 

greenhouse gas emissions compared to 1990. Secondly, at least a 27% share of renewable energy consumption, 
and thirdly, at least 27% energy savings compared with the business-as-usual scenario. By improving the energy 
efficiency of buildings, we could reduce total EU energy consumption by 5% to 6% and lower CO2 emissions by 
about 5%.  
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Interface with other roadmaps 
This roadmap does not include energy efficiency in the process of constructing the building. 

Development of technologies for production and storage of energy, for example heat pumps, solar 

cells etc., are not included and in the same way development of materials is not. 

 

This roadmap has interfaces with the other Energy roadmaps according to the following: 

 

1. Energy-efficient transport: Electrical vehicles can be connected to the buildings and hence 

work as both a storage resource and a high power consumer of energy. An energy smart 

building needs to take this into account when the technical interface to the cars is designed, as 

well as when dimensioning energy supply and demand requirements. 

2. Electric power system: There is a clear interface when it comes to buildings and the 

connection to the grid, where this roadmap will take the building owners’ perspective to the 

grid, for instance on defining incentives and business models. 

3. Heating and cooling: This roadmap will only take into account heating and cooling sources 

that exist within in the building itself (heat pumps, appliances, tenants etc). 

 

This roadmap has connections to the 

Materials Roadmap, but will focus on 

the use and integration of building 

materials and energy storage 

technologies. The Roadmap also 

connects to the roadmap Digitalisation 

- Smart built environment: An 

important area is the control and 

coordination of energy production, 

storage, distribution and consumption.  

 

This requires access to information 

and thereby ICT is of vital importance. 

This roadmap includes the electrical 

components and business models 

required to facilitate such 

coordination, while the ICT infrastructure will be 

treated in the Digitalisation Roadmap. 
 

Societal challenges 
Another 2.3 billion people are expected to be added to the planet in just 35 years. Energy-efficient and 

smart buildings can be puzzle pieces for building a better future, helping address challenges related to: 

 

 Demographic challenges (increasing or ageing populations) 

 Migration and urbanisation  

 Health and wellbeing 

 Secure, clean and efficient energy  

Interfaces with other RISE Roadmaps. 

Energy Roadmaps in dark blue. 
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 Climate action, environment, resource efficiency and raw materials 

 Buildings in need of renovation (specific Swedish challenge: Million program areas) 

 

The driving forces for the building industry to solve the challenges include: 

 Regulations based on EU and national climate and efficiency goals 

 Demands from cities and municipalities on new buildings  

 Economic benefits, such as efficiency, reduced energy use and lower cost when building new 

houses 

 Social norms towards a more sustainable living 

 

Buildings for accommodation and premises for other activities will have to develop strongly in terms 

of energy efficiency in the coming years. According to the European Union Directive on the Energy 

Performance of Buildings (EPBD 2002/91/EC), more than 40% of Energy consumption in Europe is 

due to heating and lighting operations in buildings.
2
 

 

Increasing and ageing populations and migration and urbanisation can create demand for new housing 

on a compressed time scale. These 

challenges will also affect the health care 

system and the care of older people, as 

building owners will need new ways of 

taking care of their residents. New 

buildings with advanced technology 

connected to the area of health care and 

care of the elderly can be one solution.  

 

Sustainability goals also put pressure on 

the building industry to build with 

materials, that don’t affect the 

environment and are energy-efficient. 

Meanwhile the energy needed for heating 

and activities within the house should only use energy from fossil free sources.  

 

The EU roadmap “ICT for a low Carbon Economy - Smart Buildings” stated in 2009 that “It is clear 

that if ‘green buildings’ are to become commonplace, this can only be facilitated by ICT”. Information 

and communication technology (ICT) is one crucial component that can act as tool for many of the 

described challenges above.  

 

There is a need for new approaches to tackling the global challenges in the building industry. One way 

of doing this is a challenge-based, where resources and knowledge across different fields, technologies 

and disciplines, including social sciences and the humanities, are brought together. With a new focus 

on innovation-related activities, such as piloting, demonstration, test-beds, and support for public 

procurement and market uptake, the journey from research to market can be made easier.  

 

                                                      

 
2
 "ICT for a Low Carbon Economy - Smart Buildings", July 2009 
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Vision 2030 
The vision for this roadmap presupposes one of four future scenarios for the future energy supply, 

which the Swedish Energy Agency has created. It is called “Vivace” which means lively (see Table 1). 

 

 Forte Legato Espressivo Vivace 

Main priorities 
Energy works as a 
fuel for growth and 
prosperity 

Energy is a globally 
limited resource that 
should be shared 
equally 

Energy is a way for 
people to express 
lifestyles 

Energy is a 
springboard for growth 
with climatic boundary 
conditions 

Governmental focus Business needs Fast climate 
adaptation Individual solutions Research and 

innovation 

Energy system Centralised Renewable Decentralised High level technology 

Share of renewables 50% Near 100% 75% Near 100% 

Demand flexibility Limited Average to high High in the local/own 
system High and autonomous 

Peak shaving Strategic power 
reserve 

Centralised control of 
power demand 

Local/own 
responsibility for 
power supply 

The market solves 
power supply and 
demand challenges 

 
Table 1: Comparison of four energy futures (Swedish Energy Agency, 2016) 

 

In this scenario energy is the stepping-stone for dealing with climate change. It presupposes that 

Sweden wants to be a global forerunner when it comes to delivering climate-friendly solutions and 

clean tech. Politicians have decided to back research and innovation in this area and also invest in 

demonstration and commercialization. Based on the described scenario this roadmap has created its 

own vision for energy-efficient and smart buildings for 2030 and beyond. The short version is:  

 

All buildings use 100% energy from renewable energy sources, either integrated or delivered to the 

building. All activities within the building use a minimum of energy to deliver customer value and the 

technology used meets the real estate owners’ and their tenants’ specific needs.  

 

In order to achieve this vision, buildings will be more intelligent and be able to better meet the needs 

of the end-user while still using less energy and a lower environmental impact overall. Energy smart 

buildings will manage resources effectively, including electricity, heating & cooling, space, air, water, 

food and more. This includes for example generation of renewable energy within or in close proximity 

to the buildings.  

 

The enabling technology (computers, sensors, actuators etc.) for an energy smart building exists today 

and is in widespread use already. Using these existing systems, intelligent functions such as self-

learning algorithms can be put together to benefit end-users in multiple ways, not only reducing 

energy end-use, but also increasing life quality and addressing the challenges of an ageing population, 

global warming etc. To deliver this, a holistic system approach is necessary, requiring interoperability 

and common interfaces between components and systems.  
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An increased emphasis on other environmental parameters -- for example chemicals, allergens, 

increased use of biological materials etc. -- can also be expected. These increased demands come from 

both the government and from the market, through policies and increased awareness from the general 

public, and this will lead to increased effort in developing innovative solutions for residential 

buildings as well as public premises. 

 

The pathway toward the vision will be explored across four thematic areas: 

 

Renewable energy sources and storage 
Energy from renewables can be produced and shared with other buildings in the same area in small 

scale microgrids
3
, and/or via the national energy grids, while some buildings are self-sufficient and 

totally disconnected from the net. Building owners and residents will have increased insight and 

control of their energy systems. Decision support systems, including easy accessible classification 

systems, will help to select such installations and implementation approaches for building owners. 

New applications of renewables integrated in construction materials, for example solar cells integrated 

in roof panels, will simplify the installation in existing buildings. In new buildings the electricity 

production and storage is integrated in the pre-fabricated construction or as equipment. It is common 

for buildings to have both long-term and short-term energy storage capacity. Since all buildings are a 

vital part of the new smart electrical and heating grid, it is common that blocks of flats and 

commercial buildings are used as storage for district heating, with buildings able to provide the needed 

flexibility. Economic incentives and regulations for buildings and the energy grid are provided to 

stimulate implementation of renewables.  

                                                      

 
3
 Microgrid is a localized grouping of electricity sources and loads that normally operates connected to and 

synchronous with the traditional centralized electrical grid (macrogrid), but can disconnect and function 
autonomously as physical and/or economic conditions dictate.(Source: Wikipedia) 
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Energy efficiency in buildings 
All new buildings are so called “zero-energy houses” which produce on average as much as they need. 

Existing buildings have been upgraded to energy-efficient and smart buildings, adjusted for each real 

estate owner’s own requirements and needs. It is typical for retrofits to install smart buttons that 

control automatic lighting and appliances, as well as optimized load balancing for both electricity and 

heat. The energy needed in the buildings has been reduced substantially due to continuous 

improvements and knowledge distribution on efficiency in ventilation, cooling, heating and lightning, 

for instance by installing equipment on apartment buildings that forecasts temperature changes to 

ensure an optimized heating curve in the building.  

 

An important start of realizing this energy efficiency potential has been the implementation of long-

term economic incentives supporting the renovation of buildings for energy efficiency. This is 

accompanied by a clear environmental classification of buildings, and other instruments, for example, 

decision support systems for real estate owners and other stakeholders. 

 
Technology and ICT 
In 2030 and beyond, real estate and home appliances of all types are parts of the artificial intelligence 

that make up a building automation system in both new and old buildings. This system learns the way 

the building and its residents behave in terms of habits and technical properties. All sensors included 

in buildings and home appliances contribute to create massive amounts of sensor data. This data is 

ready to be used for the building system itself, and for other systems to utilize, giving building owners 

and residents increased insight and control of their building-wide systems and other functions in the 

home, such as home care. Further, clusters of buildings make more dynamic use of such services than 

single buildings on their own. Clustering can be used to either meet demands from utility companies in 

terms of maximum power usage from the grid (heating, cooling or electricity etc.);  to reduce the costs 

by trading energy between buildings; or to take part in short term energy contracts delivered from a 

broker. In this way, building owners can form short term associations with each other where external 

companies create contracts that can be accepted or denied instantly by the residents, with the end goal 

of reducing the costs to the residents by using storage capacity within the buildings. These types of 

systems can function as an infrastructure for new services.  

 
Services that meet real estate owners’ and residents’ needs 
New business models have been developed which have changed the market drastically, especially for 

stakeholders such as the home automation industry and energy companies. Technology with open 

interfaces embedded into the house functions acts as a platform for service providers and product 

suppliers to connect to. The new landscape makes it easy for new service suppliers to offer real estate 

owners and their tenants secure and desirable services, at an affordable cost. The service suppliers can 

in a secure and easy way use data gathered from the house to control heating, trade energy, manage 

energy storage, remind the house owner of potential problems such as water leaks, waste of energy, 

broken appliances and more, all with the goal of reducing energy use and providing value to the owner 

and residents. Service suppliers with expertise in ICT and interaction design are able to deliver these 

services in a cost-efficient and user-friendly way. This has led to some of the former large operators in 

this area shutting down or specializing in delivering only specific parts in the value chain. On the other 

hand, the number of service companies has increased, creating new jobs.  
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Sweden is also viewed as an interesting place and market for international manufacturers and service 

developers to test their concepts due to the innovation-friendly system. The energy-efficient and smart 

buildings have helped Sweden to reach its targets for energy efficiency and reduced greenhouse gas 

emissions. 

 

Wildcards 
Possible game changers that could hinder or even prevent the vision from being reached: 

 

 Legislation, restrictions in ownership of energy grids prevent building owners from 

connecting to the grid 

 Different future energy scenario than Vivace, more centralized and lower incentives for 

renewables. 

 Unstable national grid, resulting in a focus on self-sufficiency, rather than grid-connected 

solutions. 

 International trade conflicts limit technology imports (e.g. solar cells) and reduce cost 

efficiency of the investments needed to equip buildings. 

 Material shortage (i.e. critical metals) raises the cost of batteries needed for energy storage in 

buildings. 

 

 

 

Development path 
To be able to reach the vision for this roadmap we have built it on the following assumptions, through 

2030: 

  

 Rapid increase of intermittent electricity and heating production integrated into buildings. 

 Rapid development in storage of intermittent electricity production and heating in buildings. 

 Continuous development in energy efficiency buildings 

 Rapid development in ICT and automation technology for delivering smart solutions for 

buildings, as well as increased interoperability between appliances and the building itself in 

terms of information flow 

 Standardised interfaces 

between buildings and 

external microgrid to 

“smart-grid enable” 

buildings 

 Large perceived 

customer value, 

throughout the whole 

business chain 

 Regulations steering 

towards climate goals 

and a good business 

climate 
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Rapid increase of intermittent energy production in buildings  
This vision is possible because of the effort the Swedish government has made to invest and 

incentivise the production of electricity from renewables. Specific technology for use in buildings that 

will need to be developed for this purpose are solar panels integrated in roofing materials, wind power 

stations, and fibre optics for solar energy and storage. Also new regulations are needed that provide 

clear (financial) incentives and decision support systems to building owners for the installation of 

intermittent energy production in the buildings are needed. 

 

Rapid development of energy storage integrated in buildings 
Here the integration of heat storage in buildings needs to be developed, for example by heating 

specific materials, possibly through fire (solar energy transferred via fibres to heat storage), as well as 

the integration of storage of electric energy in building systems in batteries and the integration of 

storage of hydrogen gas in building systems. 

 

Continuous development of energy efficiency in buildings 
Within the shell of the house 

there are a number of systems 

that can be optimized from an 

energy perspective. Indoor 

climate systems are to be 

developed that are sensitive to 

the outdoor conditions and 

can adjust themselves to 

varying occupancy of the 

building. This includes the 

development of energy-

efficient lighting systems 

(smart windows, electrical and 

daylight combinations) and 

smart 

heating/cooling/ventilation 

with fibre, using large areas with distributed sensors integrated inside walls for optimum regulation of 

heating and heat leakage detection. All this has been possible due to new regulations for the building 

industry, increased demands for renovation and financial incentives for property owners.  

 

Rapid development in ICT and automation technology for delivering smart solutions 
for buildings 
All this has been made feasible due to further ICT development leading to lower prices, better 

performance and greater reliability and security of ICT systems. This includes ICT components and 

infrastructure (sensor platform, Internet of Things, home automation) as well as standardization in the 

data gathering, processing, and communication to make it compatible. 

 

Services and business models - large perceived customer value 
Open data platforms are essential for providing data to residents, buildings owners and service 

providers. It creates a system where brokers can act as a middleman between energy companies and 

end users, wherein the end users are presented a choice of accepting or rejecting an offer on the fly. 
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The building also presents the effect of acceptance to such an offer in terms of saved money or 

reduced indoor temperature for example 

 

Regulations for sustainability and a competitive market for new technologies and 
services 
New regulations and policies might influence the use of equipment as well as services, business 

models, ICT and more. This influence could be positive or negative – today, for example, regulations 

limit the potential of microgrids, and thus may be limiting the potential intermittent electricity 

production.  

 

Development Pathways and the role of RISE 
RISE has an extended competence in the area of energy-efficient and smart buildings, including 

experts and specialists in technology, ICT, design, social science and business development. This 

competence is used in a variety of projects together with partners from academia, industry and the 

public sector. RISE contributes extended competence within challenge-driven innovation and acts as a 

facilitator for the society to create value from the research. The experts and specialists from RISE also 

contribute across the innovation chain from basic research to large demonstration projects, and in 

many cases RISE takes the lead as project coordinator.  

 

In the following tables we will specify for each area in the vision what activities in general are needed 

to reach the vision, as well as the specific role that RISE can take and how much progress could be 

achieved over three time periods, 2016-2018 (3 yrs), 2019-2022 (4yrs) and 2023 to 2030 (8 yrs). 
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Key indicators for renewable energy sources and storage in buildings  

between2016 and 2030 
 

 Key indicators 
2016-2018 2019-2022 2023-2030 

Activities Technology development: 
 Long-term storage 

battery/tank/facade/gr
ound 

 Cost-efficient 
integrated solar cells 
in the roof 

 Smart control 
systems for 
optimisation of load 
and operation 

 
Study and develop 
technology development 
in demo projects (e.g. 
‘forskningsvilla’ in Borås) 

Large-scale Demos for 
connecting renewable 
energy sources and energy 
storage to buildings which 
are connected to a smart 
grid: 
 Analyse control 

systems for load and 
operation  optimisation 

 Develop decisions 
support systems for 
profitable investment 

Connect solar/wind 
energy installations to all 
new buildings and many 
existing buildings. 
 
Connecting all buildings 
to the net with possibility 
to be prosumers of 
electricity, heating and 
cooling 
 
Legislation and 
standardization are made 
easy accessible and 
understandable for 
decision-makers 
 
 

RISE’s role 
and 

contribution 

Contribute to the 
development of  smart 
energy systems that can 
handle transport of 
electricity and heating to 
and from the grid 

 Knowledge for 
creating algorithms 
for interpretation and 
presenting data 

 Independent decision 
support systems 

 Analysis of 
environmental threats 
and benefits of new 
solutions 

 
 

Analysis and testing of 
energy systems in 
demonstration 
environments. 

 Identifying and 
proposing solutions to 
legislative and 
commercial barriers 

 An active role in 
standardization work 

 Contribute to 
development of 
products and systems 

 Analysis of 
environmental threats 
and benefits of new 
solutions 

 

Perform new foresight 
studies for 2050 
Assess effectiveness of 
new installations 
Acknowledged partner in 
(inter) national fora 

Progress 
towards 
vision 

Some examples of 
buildings with short-term 
storage available, 
investment in solar cells 
still requires subsidies 
 

Micro-grid neighbourhoods 
are more common. 

All buildings are 
connected to smart grids 
that optimise energy-
efficient use of resources. 
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Key indicators for energy efficiency  in buildings between 2016 and 2030 

 

 Key indicators 
2016-2018 2019-2022 2023-2030 

Activities Develop  smart and 
energy-efficient  indoor 
climate systems (home 
automation/heating 
storage/ ventilation). 
 
Develop smart lighting 
systems, incl daylight and 
fiber systems. 
 
Develop  regulations and 
policy instruments for 
energy efficiency in 
buildings 
 
Create understanding and 
commitment from actors 
to invest in energy 
efficiency in buildings  
 
Select existing and new 
sites for renovation 
projects and smart ‘Zero-
energy’ buildings 
 

Drive demos for renovation 
projects and smart ‘Zero-
energy’ buildings: 

 Business models 

 New regulations and 
Certification systems 
for EE buildings 

 Standardizing Indoor 
climate solutions 

 Demos for renovation 
for energy efficiency 
e.g. in Miljonprogram 

Roll out smart ‘Zero-
energy homes’ at large 
scale 
 
Scale up renovation 
projects 
 

RISE’s role 
and 

contribution 

Interdisciplinary work 

amongst RISE institutes 

facilitates system-thinking 

 Perform integrated 

sustainability 

analyses 

 Contribute to 

development of 

integrated systems of 

indoor climate and 

buildings materials 

 Study sustainable 

lifestyles and promote 

commitment and 

interest among 

residents. 
 

Interdisciplinary work 

amongst Rise institutes 

facilitates system-thinking 

 Contribute to demos 

with independent 

knowledge 

/input/expertise 

 Contribute in 

appropriate (national) 

fora on standardization, 

certification etc. 
 Contribute to policy 

instruments and price 
models such as 
taxation and economic 
incentives 

Perform impact studies for 

commercial roll-out. 

Perform new foresight 

studies for 2050 

Acknowledged partner in 

(inter) national fora 

 

 

Progress 
towards 
vision 

Only few specific 
buildings such as 
supermarket facilities are 
‘Zero-energy’ buildings 

Some areas with smart 
‘Zero-energy’ buildings. 

Sufficient potential of 
‘Zero-energy’ buildings 
for reaching beyond 
environmental goals of 
Sweden 
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Key indicators for Technology and ICT  in buildings between 2016 and 2030 

 

  
Key indicators 

2016-2018 2019-2022 2023-2030 
Activities Development of ICT 

components and 
infrastructure 
(Sensorplatform, IoT, 
Home automation)  
 
Standardization protocols 
(data gathering, 
processing, 
communication) 
 
Develop business models 
 

Dissemination of results, 
experience and examples 
 

 Supporting development 
of frameworks, standards 
and certification 

Creating a “Sweden 
Smart Building Council” 

RISE’s role 
and 

contribution 

Supporting development 
of technical systems, 
business models and 
setting requirements  
 
Being a neutral supporter 
to developers and 
construction companies 
 
Creating a “cross-RISE” 
perspective and “task 
forces” on certain areas to 
underpin a strong and 
coherent offer to 
customers 
 

Educator on technology 
and ICT 
 
Creating inspirational proof-
of-concepts 
 
Being an advisor to 
developers on how 
directives affect business 

Being an international 
role model for introducing 
standards 
 

Progress 
towards 
vision 

Robust technical 
platforms in buildings and 
solid business models 
developed 
 
Linkages between energy 
flows and relevant 
appliances in a building 
 
Open smart building 
platform developed 
 
Multiple applications and 
projects together with 
stakeholders. 
 

Automation of control in a 
majority of new and 
refurbished buildings 
 
Inter-building trade of 
energy enabled from the 
building/real-estate 
perspective 
 
Sensors integrated in all 
home systems utilized for 
data-collection and control 
within a building 

Minimum energy per 
customer value achieved 
 
Buildings are self-
learning 
 
All newly built and newly 
refurbished buildings are 
“smart” 
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Key indicators for Services that meet real estate owners and resident needs in 

buildings between 2016 and 2030 
 

 Key indicators 
2016-2018 2019-2022 2023-2030 

Activities Open data platforms are 
developed for providing 
secure access to service 
providers.   
 
Business models are 
developed for the 
management and 
maintenance of these 
platforms. 
 
Dialogues are initiated 
between households and 
building owners to create 
clusters. 
 

Open data platforms are 
demoed with service 
providers who deliver 
services adjusted to 
everyday needs, and 
services that combine 
energy efficiency with other 
perceived customer values, 
such as safety. 
 
Analysis of the 
performance and results of 
the services in terms of 
energy efficiency and 
quality of life. 

Open platforms are 
standard for new 
buildings and renovated 
buildings. 

RISE’s role 
and 
contribution 

Initiate the platforms and 
attract the right business 
partners for continuation 
of the platforms. 
 
Dialogue with 
stakeholders to initiate 
standards on 
communication and data 
protection etc. 
 

Support new initiatives with 
advice on the right 
stakeholders and 
appropriate business 
models. 
 
Analyse new types of 
services and their effects 
on energy efficiency, quality 
of life etc. 

Act as advisor for new 
buildings and renovation 
projects with regard to 
smart services. 

Progress 
towards 
vision 

Some platforms are 
piloted and dialogue with 
stakeholders is initiated 
for long term roll-out. 

Platforms are standardized. Platforms are in place in 
100% of the building 
stock that is new or 
renovated. 
 

 

 
 
 
Important Stakeholders to involve in the development paths 
To reach the vision of the energy-efficient and smart buildings of tomorrow many stakeholders need to 

work together. This roadmap and its stakeholders are dependent on politics and policy-makers. Below 

are the most important policy makers described and the other stakeholders in the area of energy-

efficient and smart buildings. 

 

The European Commission 

The European Commission creates roadmaps and sets environmental performance targets for all 

member states. The individual countries respond to the EU-directives by creating national roadmaps 

and performance criteria as well as national policies to stimulate a development along the roadmap 

created by the Commission. 
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Swedish Energy Agency (Energimyndigheten) 

The Swedish Energy Agency funds research and create guidelines for Swedish actors in all areas 

related to energy. 

 

National Board of Housing, Building and Planning (Boverket) 

Boverket is a Swedish authority that works for the government and for the parliament in co-operation 

with national actors to increase the quality in their accommodation. Boverket creates rules and 

guidelines that are more or less compulsory. 

 

Swedish Energy Market Inspectorate (Energimarknadsinspektionen) 

Is a Swedish authority that is supervisory over, regulatory for, and licenses actions on the Swedish 

energy market. 

 

Construction companies 

Construction companies build the new innovative buildings. Consensus between construction 

companies and prospective owners is essential.   

 

Real estate owners 

The real estate owner will invest in the new building including equipment for energy efficiency. 

 

Real estate managers 

The real estate manager operates the building over long time frames. They repair and update the 

building and optimize the energy performance. 

 

Residents 

The resident will benefit from smart living and low energy costs, paid for through the rental fee or 

aservice fee. Consensus between the owner and the tenant is essential. 

 

Suppliers of equipment 

Suppliers will deliver equipment and to meet demand for smart and energy-efficient solutions. 

 

Technology developers 

Start-ups and existing engineering companies provide the technological tools needed to realise an 

energy smart building. 

 

Service developers 

Start-ups and existing companies provide the services needed to realise an energy smart building. 

 

Energy companies 

Energy companies see in a shift in their business as less energy is consumed but new opportunities 

emerge to provide energy-efficient equipment and services. 

 

Municipalities 

Municipalities create plans for how their cities and surroundings will be developed and set goals for 

climate and energy performance.  
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Conclusion 
This roadmap sketches a vision for energy efficient and smart buildings that help address major 

societal challenges from climate change and energy efficiency to an ageing population and 

urbanisation. The roadmap covers the building envelope as well as all the equipment and intelligence 

in the building. Integration of renewable energy production and storage in both existing and new 

buildings are also considered.  

 

All buildings use 100% energy from renewable energy sources, either integrated or delivered to the 

building. All activities within the building use a minimum of energy to deliver customer value and the 

technology used meets the real estate owners’ and their tenants’ specific needs. 

 

The vision is elaborated over four themes: Renewable energy sources for buildings, energy efficiency 

in buildings, technology and ICT, and services that meet real estate owners’ and residents’ needs.  

 

In order to reach this vision, buildings will be more intelligent, and services are created to better meet 

the needs of the end-user while still using less energy and in general have better environmental 

properties. Both new and existing buildings will be equipped with renewable energy supply, and 

buildings will function together in groups for optimal load balancing and to increase storage capacity. 

Real estate owners and residents will be offered decision support systems, as well as tailored services 

based on data from their buildings’ systems to engage them in the process of improving energy 

efficiency. Finally, economic incentives, regulations and classification systems are essential to this 

development. 

 

The role of RISE is both to provide support in the development and classification of the energy 

installations and equipment, and to explore business models and knowledge interfaces for smart 

buildings and their owners. RISE’s expertise can be applied effectively to provide the holistic 

approach required. The development paths describe how demonstration and test sites can be used to 

objectively evaluate both technology and societal impact as well as provide templates for large scale 

roll out in the market. 
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RISEnergy Roadmap  

Sustainable thermal processes for conversion 
of biomass and waste to energy, fuels and 
other products 
RISE Research Institutes of Sweden is a group of research and technology organisations. In global 

cooperation with academia, enterprise and society, we create value, growth and competitiveness 

through research excellence and innovation. 

 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 

 Energy Efficient Transport 

 Electric Power System 

 Energy Efficient and Smart Buildings 

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels and 

other products 

 Efficient Energy Use in Industry 

 Decarbonisation of Basic Industries 
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Description of the Innovation Area 

The roadmap “Sustainable thermal processes for conversion of biomass and waste to energy, fuels and 

other products” aims at describing the innovations required by 2030 to fulfil the vision of biomass and 

waste as a substantial energy carrier by 2030 in Sweden. The concrete steps required are described in 

terms of developing and validating technology at 

lab and pilot scale to enable construction and 

operation of one or several demonstration plants 

for improved and new technology for thermal 

conversion of biomass and waste. In thermal 

conversion we include conversion processes such 

as combustion, gasification, pyrolysis, torrefaction 

and other processes where heat is the dominant 

mechanism to convert biomass including organic 

waste and by-product streams into another 

chemical form.  

The roadmap is limited by the boundaries of the 

other roadmaps developed by RISE. As an 

example process integration and control is handled 

by “Efficient Energy use in the Swedish Industry”. 

The “Decarbonisation of Basic Industries” Roadmap covers the CCS and CCUS field. Only where the 

areas overlap is an area mentioned in more than one roadmap. The roadmap does not cover harvesting 

and handling of raw materials, transportation to users and ash recycling. Mechanical equipment for 

energy conversion and processes for flue gas cleaning are not included either. 

 

Societal challenges  

Energy sources with potential for beneficial climate impact 
Sweden has a relatively favorable position compared to many other countries with our large share of 

domestic energy. This includes forest and agricultural based fuels for heat and power production. 

While their potential for use has increased, optimal use and conversion has not yet been achieved, 

particularly with regards to the conversion of solid biofuels to transportation fuels on a large scale. It is 

expected that the competition between different uses of biomass; both for energy purposes and as basis 

for materials, will increase as the society transitions further towards a bioeconomy. 

Ambitious goals 
Sweden has ambitious goals linked to the challenge of reduced climate impact and sustainability 

related to energy. The objectives in the short term (2020) include increasing the amount of renewable 

energy in the transport sector and as a share of total energy consumption (> 10% and > 50%) and on 

the efficient use of energy (20%). In the medium and long term (2030 and 2050) there is a vision of a 

"fossil-fuel independent vehicle fleet" and a nation with no net emissions of greenhouse gases. The 

five party Energy agreement that was reached on June 10
th
, 2016 will pose new opportunities for 

bioenergy in Sweden. The political target is set at 100% renewable power generation by 2040, with 18 

 
Interfaces with other RISE Roadmaps. Energy 
Roadmaps in dark blue. 
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TWh of new green power certificates to be issued by 2030. This roadmap (together with other 

documents) is a guide on what areas of research and development are needed to reduce fossil energy 

use in Sweden. 

Innovation areas with great potential  

Even though the share of renewable energy will be significantly increased in the future energy system, 

there still will be a need for conventional power plants based on thermal conversion – in Sweden 

based on biomass and waste as fuel – to provide baseload power and heat that supports intermittent 

wind and solar generation. There is a need to operate thermal power plants on low-cost fuels that need 

special fuel handling and preparation, and that give rise to corrosion issues. This requires better 

methods for characterising fuels and residual products for optimal handling.  

Most boilers will have to adapt their operation to a heavily fluctuating supply and demand and must 

have a more 

flexible area 

of operation. 

This will 

most likely 

be a 

requirement 

to ensure 

profitable 

operation.  

By 

converting 

generated 

electricity to 

gas, liquid or 

heat, other 

more 

appropriate 

storage 

solutions may be possible. By integrating conventional power or heat and power plants with other 

processes for thermal conversion, useful commodities such as fuel and chemicals can be produced. 

Increased flexibility to market conditions and valorisation of the fuel raw material can thus be 

achieved. Processes for additional upgrading of the crude material streams from these processes will 

be necessary to increase their value. 

Improved methods for process control with the ability to more closely monitor the condition of the 

plant are needed, and todays increased computer capacity and new machine learning techniques 

combined with Big Data and IoT open up new opportunities. 

The following innovation areas have accordingly been identified based on the assessment of present 

and future demands: 
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 Fuel characterisation, handling and preparation:  The optimization of the fuel mix for high 

availability of the boiler is an area for innovation. Chemical pre-treatment to remove inorganic 

or organic components in the fuel to avoid problems during operation, and mixing additives to 

the fuel mix with an effect on dust formation, slagging and fouling in the combustion area are 

noteworthy innovations. These additives can be inorganic or organic. There is great potential 

in separation and upgrading of organic by-products from different sources and processes. An 

important tool to achieve innovations within thermal processes is the ability to accurately and 

in more detail characterise fuels and products. 

 

 Thermal conversion processes: The area thermal conversion processes is defined as both 

combustion in any form including combustion in the recovery boiler in the pulp and paper 

industry, gasification, pyrolysis, torrefaction, hydrothermal carbonisation (HTC) and 

liquefaction (HTL) and other thermal processes to produce liquid fuels. A challenging area is 

the development and demonstration of small-scale boiler technology (< 500 kWth) with ultra-

low dust emission levels.  

 

Development of alternative thermal conversion methods other than combustion is also subject 

to innovation. These conversion methods include the demonstration of gasification 

technologies for different feedstocks and applications. Pyrolysis techniques or other 

techniques for the transformation of biomass into a "bio-oil" for different commodities and 

different uses are of interest. 

 

 Efficiency: In steam power plants, present development for higher efficiency is focussed on 

increasing steam data to super critical conditions. Another way to increase efficiency is to 

improve the low temperature heat recovery, which today is limited by corrosion.   

 

 Fuel and power load flexibility: Power generation must be adaptive with regards to 

fluctuations in fuel type availability and also to power load demand. This area is focused on 

developments to increase the power plants’ capabilities to operate at very low load with minor 

efficiency drop and have high ramp-up and down rates for various fuels. 

 

 Decreasing emissions: New fuels and power plant designs mean challenges in emissions. 

There is great interest in finding new ways to decrease the NOX-emission by use of low cost 

Selective Catalytic Reduction (SCR) method of some kind. In addition, the EU Medium 

Combustion Plant-directive for emissions from boilers 50 MWth or less (2015/2193/EU) is a 

great challenge to all owners of combustion based power and /or heat plants. The area also 

includes innovation in sampling and emission measurement technology. 

 

 Residues: Combustion processes inevitably produce residues, the most important being 

bottom ash, fly ash and flue gas treatment wastes. To recycle these, improved analysis 

methods for residue content and assessment are needed. The technology for low-cost 

upgrading and recycling of waste products has to be developed. 
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 Process control: A 

power generation 

system with 

maximum 

flexibility is 

comprised of both 

large scale and 

small scale plants. 

To efficiently 

manage such a 

system, digital 

solutions and 

expert systems with 

a large amount of 

signal processing, 

remote control and 

monitoring are 

needed. Much 

development is needed in this area. Process control also includes expert systems to monitor 

and control individual plant operation based on analysis of large amounts of data from existing 

sensors using process modelling, statistical methods and machine learning, with the objective 

of optimising production and avoid plant outages. Smart sensors, with decision-making and 

actuation capabilities are a prerequisite. Continuous training of personnel is required. 

 

 Upgrading to final products: Innovation in thermal and thermochemical processes to 

upgrade solid, liquid, and gaseous intermediate products to the final energy product (e.g. 

transportation fuel) could potentially redefine the whole energy generation process into an 

integrated manufacturing industry. 

 

 Material selection and corrosion: innovations in this area are focussed on either evaluation 

of new materials in new and existing applications or evaluation of existing materials in new 

demanding applications. 

 

 Knowledge, communication and acceptance: A challenge and an obligation for those who 

take part in research and innovation in the energy sector is to spread neutral facts and 

information to the general public and decision-makers, and thereby support decision-making 

that balances conflicting interests in a good way. This road map can be used by decision 

makers and the general public to find unbiased information on the present state-of-the-art 

thermal conversion for biomass and what areas still need to be researched to fulfil national and 

international environmental commitments regarding fossil fuel reduction. The construction 

and operation of pilot and demonstration plants is a very efficient way to build general 

knowledge and acceptance of new technology as it provides opportunities for more hands-on 

experience of the technology.   
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Vision 2030 

In 2030, solid low-grade biomass and wastes will constitute a significant energy carrier in Sweden for 

sustainable production of electricity, heat and other value-added bio products, such as fuel, for the 

benefit of the energy supply system and society in general. 

Our vision is that reduction of nuclear power in the power sector, increased use of biofuels in the 

transport sector and increased use of bio-based materials in chemical and material production will 

lead to increased utilization of biomass, and new, improved processes for thermal conversion of 

biomass in the Swedish society. Today, about 116 TWh/year of bioenergy, including renewable 

waste, is used for Sweden's energy supply. By 2030, it is assumed that an additional 80-100 TWh/year 

of biofuels will be needed (renewable transport fuels increase by+30 TWh with an additional 60-80 

TWh extra bioenergy needed resulting in 90-110 TWh total need
1
). 

Energy production from waste fractions that cannot be recycled will continue to make up a certain 

amount of heat and electricity supply. The boilers will successfully manage to fire the expected 

composition of waste fuels from biological origin, RDF and municipal waste. Our vision is that the 

total energy from this waste fraction will be the same in 2030, even though the recycling of materials 

will increase.
2
 

There are thermal processes that, with suitable pre-treatment of the raw material, can use low cost 

feedstock (in the form of waste and by- products) to upgrade these to more high-value energy 

products like electricity, heat and fossil free fuels or other bio-products efficiently and with high 

availability. These processes have a high flexibility in regard to the composition of the feedstock, the 

end product, plant availability and product portfolio. 

Biomass feedstocks are made available in accordance with the requirements of sustainable forestry 

and agriculture. The use of non-recyclable industrial waste is increased with emphasis on efficient use 

and the lowest possible total emissions. 

Balancing power in the form of small and microscale (1 MW - 50 kW) biomass-fired power and heat 

plants are developed based on the requirements defined by a more decentralized and intermittent 

electric power system. Small-scale bio heat (wood stoves, pellet stoves) have an increasing role as 

peak load heat sources and complement the regular heating system in single family homes. 

The small- and micro-scale bio CHP and heat-only technologies have become complementary sources 

for flexible self-provision of heat and electricity in decentralized grids. Effective and fuel-flexible bio 

CHP in the range of 5 – 250 kWe has been developed and applied based on the requirements of the 

new electric power system. This will result in 15% of new installations being CHPs. Furthermore, 

small-scale bio heat-only (wood stoves, pellet stoves) has an increasingly important role as clean 

peak-heat provider, acting as a system effective complement to domestic heat pump systems. For the 

domestic scale baseload heating from biomass combustion, technology development has enabled the 

broadening of fuel range to include also the clean and efficient use of other fuels than only pure, 

woody feedstocks, such as energy crops and agricultural and herbaceous residues.  The technology 

development has proven that domestic scale heating from biomass combustion using state-of-the-art 

                                                      
1
 25% nuclear power substitution, and 30-40TWh automotive fuels from biomass 

2
 Based on population increase (http://www.scb.se/sv_/Hitta-statistik/Statistik-efter-

amne/Befolkning/Befolkningsframskrivningar/Befolkningsframskrivningar/14498/14505/Aktuell-
befolkningsprognos/Sveriges-framtida-befolkning-20152060/273426/) and rising GNP. 
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appliances is clean in real life conditions concerning emissions of dust and incomplete burned gases, 

giving the sector a regained reputation as both environmentally and health friendly.   

Metals in ash (such as copper, iron, rare earth metals and aluminium), phosphorus and nitrogen are 

reclaimed from the combustion ashes and used in metal processing, fertilizer production etc.  

The goal is reached by the reduction of cost of thermal processes through process improvement and 

optimization, and through incentives that take into account the social benefits of bioenergy. 

 

Wild cards 
Predicting future development is always a tricky issue. Things can happen suddenly and 

unexpectedly, that completely change the development or the market situation. In the area that is 

covered by this Roadmap, such events could include a radical change in the price of CO2 emissions or 

sudden surges in biomass demand. These “wild card” events are unpredictable. 

 

Development path  

Many of the innovation areas mentioned above involve lab, pilot or demo testing of individual 

equipment setups or processes. Simulation is not sufficient; the hardware must be tested and validated. 

An important issue is to increase the number of relevant test facilities from lab scale to pilot plants to 

demo plants.  

RISE, as a unified multidisciplinary institute, has an important part to play as link between basic 

research done by universities, incremental improvement of proven technology done by the equipment 

manufacturers, and development and demonstration of new technology. RISE can harvest the best new 

65



 Sustainable thermal processes 

 

 

9 

 

ideas and results from the academic sector, refine these to workable products and processes and 

provide the results to the manufacturing and production sector. 

Goal for RISE (2030): RISE has contributed to the development of at least 2 new concepts for a) CHP 

with low-cost challenging fuels b) multigeneration or c) small-scale power and heat by 2030. While 

the development of sustainable thermal processes will happen on many fronts and on multiple, 

overlapping timelines, the development path outlined below focuses on how some of these innovations 

could be advanced through the development of these three specific concepts. 

Development path for CHP with challenging low-cost fuels 
In society today there is a need for a simple, robust and cost effective thermal power plant to combust 

fuels that have been left over from other parts of the sustainable society. The leftover fuels are 

materials that are difficult or impossible to recycle and still contain an energy potential that would go 

to waste if the material is deposited. Examples of fuels are industrial or household waste fractions and 

biofuels residues. These fuels are usually very inexpensive or free and might even have a negative 

cost. The downside is that the fuels are also difficult to combust and can create difficulties related to 

the handling of residues. 

At the same time, there is a 

need in the fully sustainable 

society as a whole to have a 

robust energy system where 

intermittent generation from 

wind and solar power is 

complemented by balancing 

power. Thermal combustion 

power plants can offer high 

availability and in the future 

the need for this will only 

increase. 

The fuels are often available 

locally and to minimise 

transport it would be preferable to have the power plants where they are used placed locally as well. 

This in turn implies that the power plants should be simple to operate and maintain by perhaps non-

specialist personnel. Remote control of the power plants is a possibility. Transportable power plants, 

even containerised power plants, are a possibility. These power plants could be transported to the fuel 

source and used locally and at the same time fulfil all requirements of emissions and residue handling. 

Such plants are envisioned here as small to medium size. Small plants could for instance be used on 

ships and in industries, and medium plants in small cities. The main idea is to develop new plant 

concepts for the use of difficult fuels locally.  

To summarise, the requirements on the power plants are: 

 Possible to combust difficult fuels 

 Robust and simple operation 

 Fully automated 
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 Non-specialised operators 

 High and quick availability 

 Simple maintenance and overhaul during service breaks 

 Small to medium power output 

 High modularity 

 Adaptable to different environments 

The possible solutions are:  

 Lower service data, lower steam pressure, lower temperature 

 Simple and proven materials 

 Simple and proven basic design 

 Simple overhaul procedures, including easily replaceable superheaters 

 Remote operation and monitoring 

 Transportable components 

The major obstacles: 

 Fuel composition, handling and preparation 

 Residue management and disposal 

 Plant design and materials. Existing designs or optimised for robustness? 

 Difficult fuels creating corrosion problems 

 Fuel economy, operation economy 

The contribution to the energy roadmap focuses on the planning and design of small robust power 

plants in the initial stages. In the later stage of the roadmap the main idea is to support the planning 

and the construction of proof-of-concept power plants and testbeds. The three steps outlined in the 

roadmap include: 

 Step 1 2016-2019: Process design supported by lab and pilot testing, market activities and 

identification of test site 

 Step 2 2021-2024: Detailed design, construction, and procurement of demo plant supported by 

pilot plant testing 

 Step 3: 2025-2030 Demo plant operation 

RISE has a unique combination of different competences in the individual divisions and via the 

cooperation with Swerea and can cover everything from operation economy and fuel composition to 

detail material considerations and corrosion properties of the materials chosen. The new guidelines 

from Energiforsk focus on technology leaps instead of incremental development. The transportable 

and scalable power plant using difficult fuels is just such a leap. 
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Development path for integrated industrial multigeneration  
Industrial co-generation of power and process or district heat is a well-established technique for 

effective utilization of biomass fuels. Typical examples in the Nordic countries are pulp and paper 

mills and municipal district heating plants. 

To bring the utilization of biomass to a higher efficiency and value level, a new concept is proposed: 

integrated industrial multigeneration. This is defined as a biomass processing unit integrated with 

an existing industrial plant (preferably one of the two examples mentioned above). The biomass 

processing unit is integrated with the industrial plant on several levels: utilities (heat, cooling water 

and power), raw material reception (common wood yard and debarking plant), effluent treatment, flue 

gas treatment and handling of process by-products and residues (sludge, rejects and slags). 

The product range of the integrated industrial multigeneration plant is expanded compared to the 

examples above. Not only does this plant produce power and heat, but also various biomass based 

intermediary or end products to replace products of fossil origin. In theory, only imagination can limit 

what could be produced from an integrated industrial multigeneration plant. The following products, 

among others, have been proposed: methanol, torrefied wood, hydrothermally carbonized feed stock, 

 
CHP with challenging low cost fuels and byproduct utilization 

 

 

Activities  
Key indicators 

2016-2020 2021-2024 2025-2030 
Market analysis, 
business model for 
stable product prices. 
Engage an 
equipment supplier 
and a site for a demo 
plan. 
 

Detail design demo 
plant. Consortium 
planning and contracting 

Consortium with supplier(s), 
end user(s) and demo plant 
site owner to secure 
financing. 

RISE’s role 
and 

contribution 

Concept design, lab 
testing, simulation, 
pilot plant 
construction and 
operation. 
Procurement of basic 
and detailed 
engineering, 
procurement and 
construction from 
subcontractor 
 

Demo plant 
construction. Contacts 
with contractors and 
design staff 

Demo plant test operation 
management. Data mining, 
analysis and reporting. 
 

Progress 
towards 
vision 

Identify profitable 
products/ 
combinations. Identify 
critical areas of 
development. Identify 
critical integration 
aspects with parent 
industrial site. Basic 
and detailed 
engineering.  

Procurement and 
construction of demo 
plant. Investigate 
identified critical areas 
of development. Test 
components and sub 
processes (TRL 5-7). 
Start-up of demo plant. 

Facility in operation. 
Communication of demo 
plant construction and 
operation results. Potential 
for energy savings. Initiation 
of cooperation programs with 
regional energy suppliers 
and equipment developers. 
Facility in operation by 2030 
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bio oils and bio gas. These products 

can be used as transportation fuels, 

fossil fuel blend in fuels, raw materials 

for chemical processes or as soil 

improvement agents.  

The development path for an 

integrated industrial multigeneration 

plant by 2030 is divided into three 

steps. As early as possible, equipment 

suppliers, end users and a potential site 

for a demonstration plant should be 

chosen. This is a critical issue if step 1, 

2 and 3 are to be successful. 

 

Step 1 Process design (2016-2018) 

A feasibility and concept design for a 

multiproduct plant is done in 2016-

2018. This step includes identifying 

profitable feedstock, conversion 

process and product combinations, 

preferably products that can be 

alternated depending on market 

situation. Also products with more 

stable prices and not dependent on 

green tax benefits or other subsidies 

should be prioritized. The integration 

aspects with the parent industrial site 

or sites need to be analyzed and critical areas with development needs must be identified. 

 

Step 2 Pilot plant testing (2019-2022) 

After the completion of step 1, the development step is initialized. In this step the identified critical 

development areas are investigated. The components and sub processes are tested up to TRL 5-6 (lab 

scale testing to pilot) 2019-2022. An equipment supplier is engaged in the project and a site for a 

demo plant is chosen. 

 

Step 3 Implementation (2023-2030) 

a. Basic and detailed engineering is planned for 2021 -2023. Note that this is initiated before step 

2 is completed. This is quite intentional; the implementation of new technology often requires 

several layout iterations before the final process concept is ready. 

b. Once the process concept is finalized, procurement and construction of a demo plant can begin 

at the chosen site. This is planned for 2024-2026 

c. The finished demo plant (TRL7) will be in test operation 2026-2030. 

 

At step 3.a., an industrial consortium is set up with at least one equipment supplier, one potential end 

user of the products and one industrial site where the demo plant is built. A consortium also has better 

opportunities to secure financing for step 3.b. and 3.c 
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Integrated industrial multigeneration 

 

 
Activities  

Key indicators 

2016-2018 
 

2019-2022 2023-2030 

Market analysis, 
business model for 
stable product 
prices 
 

Engage an 
equipment supplier 
and a site for a demo 
plant 

Consortium with supplier(s), 
end user(s) and demo plant 
site owner to secure 
financing 

RISE’s role and 
contribution 

Concept design, 
lab testing, 
simulation,  
 
 

Pilot plant 
construction and 
operation. 

Procurement of basic and 
detailed engineering, 
procurement and 
construction from 
subcontractor, project - and 
test operation management. 
Data mining, analysis and 
reporting. 
 

Progress towards 
vision 

Identify profitable 
products/ 
combinations. 
Identify critical 
areas of 
development. 
Identify critical 
integration aspects 
with parent 
industrial site.  
 

Investigate identified 
critical areas of 
development. Test 
components and sub 
processes (TRL 5-6) 

Basic and detailed 
engineering. 
Procurement and 
construction of demo plant. 
Start-up of demo plant in 
2026 and test operation 
until 2030 

 
Development path Small and Micro-scale heat and power generation  
Economically viable solutions for small-scale CHP (5 – 250 kWe) generation from solid biomass do 

not exist today. The investment, operational and maintenance costs of available technologies – gas 

engines from gasification, Stirling engines and micro turbines in different Rankine and Brayton cycles 

– are too high to compete on the Nordic electricity market. Furthermore, the load flexibility is low.  

The net electricity production cost should be reduced by about 50%, while the added value of the 

resulting discharge of the decentralized transmission system at the same time is upgraded. For the 

heat-only domestic and industrial scale devices, combustion of wood pellets, wood chips and wood 

logs in boilers (10 – 1000 kWth) as well as wood fired stoves (3 – 15 kWth) are well-established 

technologies. However, the real life performance (start-up, load changes etc.) of the boilers is often 

inadequate and the stoves need to be improved for control of the batch process for reaching ultra-low 

nominal loads (< 3 kWth) for low energy houses. Lowering dust emissions
3
 is, and will continue to be 

a prioritized area. If technology development is achieved, fulfilling the stringent criteria of the Eco 

Design Directive, the sector is foreseen to grow in importance for renewable heating and combined 

digitalized energy storage and electricity balance.  

 

                                                      
3
 http://pure.iiasa.ac.at/11153/1/XO-14-072.pdf 
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The major challenges 

through 2030 are:  

 Small-scale CHP 

cycles that could be 

fitted to state-of-the-

art combustion units 

achieving 15% 

electrical efficiency 

should in the short-

term be made 

market-ready.  

 More robust and 

load- and fuel-

flexible CHP cycles 

should be made 

market ready and digitalized, to enable a smart balance contribution to the local and national 

electricity grid.  

 Significantly reduce dust emissions (PM2.5) from domestic stoves and boilers while at the 

same time increasing efficiencies at variable loads and with different fuel types under real life 

performance at lower the investment costs. 

 Digitalization of domestic/industrial boiler systems to allow for energy storage  

 Develop stoves of ultra-low nominal loads (< 3 kWth) of reduced dust emissions (PM2.5) 

RISE will assist the small- and micro-scale biomass CHP industry along this development path: 

Step 1: Technological improvement of central components and process optimization of system and 

upgrading combustion development from experience-based to science-based (2016-2018) 

Robust ultra-high-temperature heat exchanging with biomass flue gases for the powering of externally 

fired air micro-turbines will be achieved. ORC-cycles and Stirling engines will be further developed 

for lower cost and increased efficiency. General knowledge on advanced combustion design concepts 

will be transferred from the large-scale combustion sector, including the use of advanced 

computational methods and experimental validation in laboratory environment. 

Cost-efficient sensor technology for an improved combustion control and catalytic cleaning for ultra-

high reduction of dust will be applied, as well as demonstrating concepts for fuel additivities for the 

most difficult boiler fuels  

Step 2: Further process optimization, integration and demonstration of CHP and continued advanced 

combustion design (2018-2023) 

Externally fired gas turbines, ORC and one gasification or bio-oil based method will be demonstrated. 

Turbines or engines coupled to gasification, supported by other complementary fuel gases, will be 

introduced as important digitalized contributors to balance the electricity grid. Computational methods 

for simulation of the combustion will further be developed This will result in market introduction 

before 2030 of highly efficient electricity production form state-of-the-art small scale combustion 

plants and a technology leap in the design of stoves and boilers, leading to ultra-low emission levels. 

71



 Sustainable thermal processes 

 

 

15 

 

Step 3: Digitalization of small-scale CHP for the balancing of the electricity grid system (2023-2030) 

Digitalizing and combing optimal systems for the flexible use of biomass, solar heating and heat 

pumps will enable the intelligent use for energy storage for the take-up and release of heat and power 

in harmony with the transmission system. In this way, CHP will become important for the discharging 

of the electricity transmission system.  

 

 

 
Small-scale heat and power generation  

 

 
Activities  

Key indicators 
2016-2018 2019-2022 2023-2030 

Technology 
development, process 
optimization and 
knowledge transfer 
 

Process optimization 
and demonstration of 
CHP. Application of 
advanced combustion 
design tools 

Digitalization and 
system analysis for 
balancing of the 
electricity grid system 
and energy storage 

RISE’s role and 
contribution 

Leading technology 
development 
projects. 
Pushing the transfer 
of state-of-the-art 
knowledge and 
design tools to 
industry. 
 
 

Leading 
demonstration 
projects for new small 
scale CHP. 
Pushing the transfer 
of advanced 
combustion design 
tools to industry 
 

Leading the further 
demonstration and 
digitalization of small-
scale systems and 
taking part in the 
system analysis of 
grid benefit. 
 

Progress towards 
vision 

Critical technology 
step for one CHP 
path is developed. 
Industry is 
independently 
applying state-of-the-
art computational 
design tools.  
 

One new CHP 
method is 
demonstrated and 
further optimized. 
Domestic scale 
boilers and stoves 
fulfill the Eco-design 
demands.  
 

Methods and 
strategies for using 
small scale CHP 
systems, combined 
with heat pumps and 
solar energy to 
harmonize with the 
electricity system 

 
 
Conclusions 
The area of thermal heat and power generation is vital to the fulfilment of a fossil fuel free future 

society. Several studies at a national and EU level have pointed to this as a vital goal for the 

innovation and research community. One of the latest of such studies is by the Swedish Energy 

Agency who in the scenario Vivace
4
 detail how a high-technology energy sector incorporating 

Industry 4.0 can support a dynamic society both in Sweden, in Europe and around the globe.  

This roadmap concentrated on developing three scenarios. One scenario describes how a robust and 

simple-to-maintain combined heat and power plant can be developed. This plant can combust a variety 

of fuels, yet still be placed either near the fuel source or the energy consumer and be maintained by 

semi-skilled personnel. This is achieved by lowering the thermal process data and a great degree of 

remote monitoring and operation. 

                                                      
4
 Fyra framtider – Energisystemet efter 2020, Energimyndigheten ET 2014:04, april 2016. 
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The second scenario describes a multigeneration power plant where not only the fuels are varied but 

also the output from the plant in the shape of syngas, chemical raw materials and agricultural soil 

improvement agents. The recycling of the materials in the fuel and in the residues is an integral part of 

this scenario. The multigeneration plant is typically larger than the robust plant in scenario one. 

The final scenario concerns small- to micro-scale plants, where the smallest plants could even be 

domestic boilers. These will allow for a full-scale integration of the available heat generation capacity 

in Sweden, if a system of remote operation and integration is implemented. If all plants are 

interconnected the thermal processes can yield a flexible and recyclable fossil-free power and heat 

source to balance the input from non-fuel based power sources. To achieve this goal, digitalization of 

the system is crucial along with the material, corrosion, chemistry, and process considerations. 

RISE together with Swerea has the potential to combine world-class competencies in all relevant areas 

to help the Swedish industry and governmental institutions achieve not only hard technical innovations 

but also soft system integration innovations. This roadmap is a help in understanding the needs of the 

energy system and the industry for the goal of a fossil fuel free future. 

 

Contacts 

Marie Anheden marie.anheden@innventia.com            +46 8 676 7109 

Mikael Ahlroth                     mikael.ahlroth@innventia.com               +46 8 676 7209 

Sven Hermansson                 sven.hermansson@sp.se                             +46 10 516 58 51 

Henrik Östling                       henrik.ostling@swerea.se                              +46 8 440 4816 
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RISEnergy Roadmap 

Efficient energy use in Swedish industry 
 

RISE Research Institutes of Sweden is a group of research and technology organisations. In global 

cooperation with academia, enterprise and society, we create value, growth and competitiveness 

through research excellence and innovation. 

 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 

 Energy Efficient Transport 

 Electric Power System 

 Energy Efficient and Smart Buildings 

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels and other 

products 

 Efficient Energy Use in Industry 

 Decarbonisation of Basic Industries 
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The efficient use of energy in Swedish industry is important to reaching the country’s energy 

and climate targets for 2030. A higher efficiency in energy use will also have multiple direct 

societal benefits, including reduction in local air pollution, energy demand, greenhouse gas 

emissions, and improved energy security. There are also many indirect benefits for 

employment, health and wellbeing, industrial productivity and biomass availability. 

This roadmap defines challenges, a vision, and a strategy for developing integrated energy efficiency 

in Swedish industry. The vision is that: 

"In 2030 Sweden will be a global role model for efficient energy utilisation in industry" 

Achieving this vision will require advances in leadership, technology and business strategy and 

operations that take the whole industrial system into account. It will benefit Swedish industry and the 

economic sectors it impacts in terms of international competitiveness, growth and sustainability. 

The efficient use of energy will need to be an integral part of both strategic and daily operation and 

planning in the Swedish industry. Efficiency in using energy needs to be defined in terms of economic, 

social, and environmental sustainability, and from a system perspective that includes the interactions 

between different industries, and between industry and other parts of society. 

 
Description of the Innovation Area 

The innovation area includes most Swedish industrial sectors, such as food, chemicals, pulp and paper, 

mining, minerals, steel, automotive, textiles and wood. Many innovations are not sector-specific but 

rather should be pursued through interdisciplinary cooperation and research. RISE has a wide range of 

related competences, for example process integration, industrial symbiosis, energy-efficient products, 

energy-efficient materials, business model design, and system- and process optimisation. RISE also 

has collaborations with all relevant industry sectors, from the most energy-intensive sectors to small 

and medium enterprises (SMEs). The innovation area in this roadmap does not directly include the 

energy generation- and distrubution sector, transport or buildings, but when considering the integration 

of different parts of an urban system they are relevant. 

The actions described in the roadmap will help  Swedish industry becoming a global role model by 

addressing the non-energy benefits of improved energy efficiency, both in industry and through 

integration with other parts of society. 

The roadmap connects with several other RISE roadmaps, but differs in that it is focused on the 

industry perspective, and on finding new ways to develop Swedish industry in order to sustainably 

decrease the use of energy in society. The innovation area in this roadmap has been developed based 

on discussions with a number of stakeholders from Swedish industry and other parts of society, and 

from these discussions four core areas that are essential for reaching the vision of this roadmap have 

been defined. These are: 

 Systems integration for efficient energy use, e.g. industrial symbiosis, industrial clusters, 

making use of waste energy from industrial facilities in other parts of society 

 Leadership issues related to efficient energy use, e.g. developing management tools and 

methods, behavioural aspects of energy use, education, and collaboration 
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 Business models that include efficient energy use, e.g. models that handle multi-sectorial 

integration, including the non-energy benefits of innovations 

 Indicators and scenarios for efficient energy, e.g. indicators showing the full benefits of 

energy efficiency, and studies of potential 

 

Societal challenges 

Swedish industry 

offers a wide 

portfolio of 

products and 

services, which in 

many cases are 

world-class. 

Individual 

companies’ focus 

on energy naturally 

varies, depending 

on type of products, 

costs, technology 

standards and 

management. Large, 

energy-intensive 

companies have 

been working 

continuously to 

increase their energy efficiency for a long time, using different management and energy strategies. 

This means that as a whole, energy intensity in Swedish industry has been decreasing for several years 

(as seen in the figure on the right): 

 The annual energy use in Swedish industry has been constant at approximately 150 TWh 

during the last decades. 

 During the same period the industry share of Swedish GDP increased. 

 Swedish industry has decreased its specific energy use by 2% per year during the period 1993 

– 2007.  

For 2020 the EU has set a target of 20% more efficient energy use, which in Sweden will imply a 

decrease in energy use in industry by about 30-35 TWh/year compared to a business-as-usual 

assumption that energy use would remain at 150 TWh.  Further, in July 2014 the European  

Commission also proposed an overall target of 30% increased energy efficiency in the EU by 2030. 

(COM 2014-520).  
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To put this in perspective, studies in Sweden have indicated that: 

 The economic potential for improved energy efficiency in the Swedish industry is estimated at 

11.5 % through 2020 (17.6 TWh/y) (Thollander et al 2013) 

 By 2050 it could be possible to reach 50% more efficient energy use (IVA, 2014) 

Based on these indications, a 30% decrease by 2030 appears possible, but more effort is still required 

even to be close to the 2020-target.
1
 To reach the targets set nationally and within EU it will be 

necessary to take a holistic view on energy use, which means creating and supporting 

multidisciplinary collaborations, strategic and applied research, and development of innovations for 

efficient energy use.  

As stated by the International Energy Agency in its report “Capturing the Multiple Benefits of Energy 

Efficiency”, there is also a broad range of other economic and societal impacts that come from 

improving energy efficiency in society.  For the industrial sector, the IEA report concludes that 

including multiple benefits in the evaluations of energy efficiency in industry is valuable for both 

businesses and other stakeholders like policymakers, finance providers etc. It is also notes that several 

challenges remain in quantifying different non-energy benefits. An attempt at describing the potential 

for quantification of non-energy benefits in the short and long term can be seen in the figure below. 

                                                      
1
 See e.g. the Swedish Energy Agency in the report “Bråttom med insatser för en hållbar energiomställning” 
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Policy instruments, climate change, 

urbanisation, natural resources, economics and 

consumer behaviour are examples of factors 

that will influence industrial energy systems 

and the energy system as a whole. To meet the 

targets set by the EU and Sweden the ability to 

grasp not only the existing manufacturing 

processes and value chains but also the 

interactions between industry and the 

surrounding energy and material flows in 

society will be fundamental. To add to the 

challenge, the increasing focus on developing 

circular material and energy flows in society means that demand for products will change; demand for 

re-used, recycled, and bio-based materials will increase, and new production technologies will be 

needed.  

In short, developing an energy-efficient, integrated industry while at the same time evolving into a 

bio-based, circular economy will require a new way of thinking about energy. Increasing energy-

related cooperation within and between industrial branches, studying the investment processes for new 

technology, and developing management strategies and business models that include energy use as an 

important factor will be essential. 

Interfaces with other 

roadmaps 

This roadmap focuses on the efficient use of 

energy in Swedish industry. This includes the 

development of technological innovations, 

leadership and competence within industrial 

sites and the development of integrated 

solutions between industries and industry and 

society.  

There are other roadmaps produced by RISE 

which connect to what is presented here. These 

are:  

 

  “Sustainable Thermal Processes.” These types of processes are a part of the Swedish 

industry’s transformation, and thus will have an effect on the energy system.  

 

  “Decarbonisation of Basic Industries.” CCUS and new processes will create a demand for 

energy, and also generate a new potential raw material for industry (CO2 for e.g. chemicals 

production) that needs to be considered in the energy system. 

 

 

Interfaces with other RISE Roadmaps. Energy Roadmaps 
in dark blue. 
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 “Electric Power System.” Electricity is an important parameter in industrial process energy 

efficiency. 

The key difference between other roadmaps and the one presented in this document is that this 

document focuses on efficient energy use from an industry perspective. This means that the focus is to 

optimize the efficiency with which Swedish industries utilize the primary energy introduced to their 

facilities, whether it be in terms of internal integration, investments in new processes, or integrating 

excess energy flows with adjacent infrastructures.  

 

Vision 2030 

By 2030 Sweden is a global role model for efficient energy utilisation in industry. The efficient use of 

energy is an integral part of both strategic and daily operations and planning in the Swedish industry. 

The efficiency in using energy is defined from a sustainability perspective, and from a system 

perspective that also includes the interactions between different industries, and between industry and 

other parts of society. 

To achieve this, close collaboration between industry, politicians, energy experts and consumers has 

been established by 2030. Assessment of the energy efficiency of industrial processes considers not 

only the effects of the manufacturing process itself but also the effects on surrounding systems. These 

assessments are understood by a wider audience and the possibilities to implement policy instruments 

that favour more efficient resource use in society have increased. 

RISE, together with stakeholders from Swedish industry and other parts of society, has identified four 

core areas that need to be developed by 2030. These are: 

 Systems integration for efficient energy use 

 Leadership issues related to efficient energy use 

 Developing new business models that address energy use 

 Developing energy indicators and monitoring 

 

RISE will play an important part in this development since the institute will be the key coordinator of 

research and innovation in this area in Sweden. RISE will: 

 

 Advance technology innovations from idea to market 

 Coordinate strategic research and innovation programs 

 Link academic institutions and industry 

 Deliver and run test beds and demonstrators for industry/academy 

 Promote a systems perspective on innovation together with academy 

 Serve as the central node for international collaborations within this field 

What if? Wildcards to consider 

The only thing that we know for sure about the future is that it is uncertain. There are a number of 

alternative scenarios that can unfold within the next decade or so. Wildcards that could impact this 

vision either negatively or positively include:  
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 A decline in the number of Swedish industrial facilities due to increased global competition. 

 Resource-efficient solutions becoming an important export product for Sweden. 

 Resource efficiency becoming an important evaluation parameter in financial markets.  

 

Swedish industrial sectors 

The largest, most energy intensive companies in Sweden are found in the pulp and paper industry, in 

the steel and metals industries, in the chemical industry, and in the mechanical engineering industry. 

Other industries, e.g. the food and beverage industry and wood products industry, together comprise a 

significant amount of the energy use (18% as seen in the figure below).  

 

A short description of the current state and challenges ahead for the different sectors is presented 

below. 

Pulp and paper 
The pulp and paper industry often has a low consumption of fossil fuels and is self-sufficient in terms 

of steam. In fact, excess steam can usually be used for power production. Therefore, pulp mills can be 

a net exporter of green power to the grid.  Although increasing energy efficiency would most likely 

not decrease fossil fuel consumption, the green power produced from excess steam can be significantly 

increased. Besides exporting excess power, pulp and paper mills could also export by-products, e.g. 

lignin and thermal energy (i.e. heat). Lignin could potentially be used as an energy carrier (e.g. pellets) 

or as a raw material in (for example) for carbon fibre production. In this case, a new methodology for 

evaluating energy efficiency would potentially be required, where both energy and material flows are 

taken into account. 

 

Pulp and paper mills are generally very interesting candidates for implementation of so-called 

biorefinery concepts. These mills have unique infrastructures, supply chains, know-how etc. for 

handling large volumes of biomass and, in some cases, the possibility to export heat to nearby 

processes. In biorefineries, low-grade biomass (e.g. stumps, branches, agricultural residues and 
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sludge) could be upgraded to a variety of added-value products, among others, biofuels. Integrating 

biorefinery concepts in existing mills could be energy efficient and profitable. 

Iron & steel industry 
Manufacturing of iron and steel is energy- and resource intensive. Energy is one of the most important 

resources for the steel industry which is dependent on a sustainable energy policy, long-term access to 

electricity and continuous progress on efficient production and re-use of heat and material.   

The iron- and steel industry stands for about 16% (20-25 TWh/year) of the energy use in Swedish 

industry. A major part of the energy supply is carbon-carrying material such as coke, oil and gas, a 

significant cost driver that also contributes to a large amount of CO2 emissions. Thus major efforts 

have already been taken to make steel production more energy efficient. RISE institutes work closely 

with Swedish and European steel companies, and large-scale pilot and demo plants well suited to new 

energy- and CO2 efficient methods for the industry are under development. There appears to be great 

potential in optimizing the excess of process gases and heat in the iron- and steel industry.    

The largest Swedish steel producer SSAB, the major Swedish iron ore supplier LKAB, and the main 

Swedish power producer Vattenfall have announced a joint research project to revolutionize ore-based 

steel production by replacing coking coal with hydrogen. This technology is expected to be the basis 

of a new generation of steel production, and will influence the energy balance of the surroundings 

because the actual system is integrated in terms of electricity, material supply and district heating. 

With deep interdisciplinary knowledge of the industry and existing access to infrastructure for piloting 

and demonstration, the RISE institutes will play an important role in the future development of energy 

efficient steel production. 

Test and Demo at RISE institute Swerea MEFOS 
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Chemical industry 
The chemical industry in Sweden, i.e oil- and biorefineries, basic-, intermediate and specialized 

chemicals producers and producers of pharmaceuticals and reagents, stands for around 9% of the 

energy use in Swedish industry. There are around 450 companies within this industry in Sweden, but 

the 10 largest companies account for over 50% of the work force. Many of the larger companies 

within this industry in Sweden have experience in working with energy efficiency and improving 

process performance, but there is large potential for further improvements. The big oil refineries and 

basic chemicals producers account for most of the energy demand in the chemical industry. There is 

potential for significant improvement in the efficient use of primary energy in these processes, but 

there are also challenges that need to be met. Excess energy can be used in other industries, or other 

parts of society, but this requires new business models and a more holistic view on excess energy as a 

means to improve sustainability. Much of the feedstock to the biggest chemical industries is also still 

fossil-based. The current transformation of the chemical industry to a higher degree of biomass-based 

production will affect the energy balance in the different value chains, from raw material to product 

and waste management.  

Mechanical 
engineering 
The mechanical 

engineering sector 

stands for approximately 

6% of Swedish 

industry’s total energy 

use. While the industry 

is not as energy-

intensive as the basic 

industries above, its size 

and importance to the 

economy merits special 

attention. To maintain 

and increase 

competiveness it will be 

necessary to focus on coming 

developments such as increasing  

digitalisation and “Industry 4.0,” and to maintain focus on total cost reduction through automation and 

reduced utilisation of resources. 

 
 
 

Industrial robot. Photo: Swerea IVF 
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Others 

Food and beverage 

The Swedish food and beverage 

industry is highly diverse and 

heterogenic. It consists of 

everything from small-scale 

slaughterhouses to highly 

automated dairies. Much of the 

equipment used dates back several 

decades and the energy efficiency 

is often poor. The food industry 

uses approximately 4% (5,5 

TWh/year 2013) of the energy 

used by Swedish industry. 

Between 2008 and 2013 the use of energy decreased by approximately 3%, but during the same period 

production decreased by 18%. The sector’s low overall energy intensity makes energy a less 

prioritized question, but a strategy for energy will still be required going forward. 

One possible explanation for the slow transition towards more energy-efficient production is that the 

cost of raw material in the food industry in general is high relative to the cost of energy. The 

requirements on food safety and food quality are another explanation. The concern that changes would 

compromise food safety often results in uncaptured energy savings – a situation that could possibly be 

addressed via research and testing.  

The heterogeneity of the food industry has also made it difficult to develop a common approach to 

energy efficiency. The larger companies have acted individually, whereas the small and medium 

enterprises have too little competence and manpower to be able to make comparable efforts.   

 

Development path 

In order to reach the vision presented in this roadmap a number of important developments are needed. 

In this roadmap the development is divided into four core areas, and the development path from today 

(2016) until the year 2030 (when a 30% decrease in energy use is envisioned) is described briefly for 

three time periods. 

Efficient energy use through systems integration  
Integration between industries and between industry and society is needed to create energy-efficient 

systems from a holistic perspective. Widening the system boundaries to include clusters of industries 

or industries integrated with a community can enable major 

efficiency improvements and/or reduction of primary energy use. 

Techniques and products that improve energy efficiency should be 

evaluated from a system perspective. 
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Key indicators for increasing  efficient energy use  

through systems integration 2016-2030 
 Key indicators 

2016-2020 2021-2025 2026-2030 
 

Activities 
 
 

New energy efficient 

processes and technologies 

are developed and 

demonstrated in industrial 

applications. This is 

especially achieved through: 

 

Efficient use of existing 

technologies and processes. 

 

Interaction between 

technologies and 

processes/production steps 

in industry. 

 

Interaction between 

industries or between 

industry and society. 

 

Integrated community and 

industry clusters are being 

developed. Activities among 

technology and service 

providers in energy-efficient 

and CO2-efficient innovations 

are increased nationally as 

well as internationally.  

 

A number of methods 

developed by RISE for system 

integration are made available 

for the Swedish and 

international market.  

 

Interaction of energy-efficient 

products along the value chain 

Several industrial symbiosis 

arrangements are up and 

running and serve as role 

models globally. 

 

Models for efficient energy 

use in the industry and 

society continue to be 

developed and adopted. 

 

 

 
RISE’s role 

and 
contribution 

 

RISE will develop processes 

and methods to support 

different stakeholders’ work 

with technical and non-

technical innovations. 

 

RISE will be. the 

coordinators of trans-

sectorial collaborations, 

matchmaking, exchanges of 

information etc. 

 

RISE will perform pilot and 

demo trials together with new 

and existing actors on the 

market for development of new 

technologies and services. 

 

RISE will be involved in 

assessing different innovations 

and technologies from a 

sustainability perspective. 

 

RISE will be the national 

coordinator of actions within 

this field, and connect different 

stakeholders etc. 

 

RISE will support new and 

existing actors on the 

market for development of 

new services using validated 

methods. 

 

RISE will assist Swedish 

companies with developing 

innovations within this field, 

both nationally and 

internationally. 

 

RISE will provide support to 

decision makers on policy 

development concerning 

resource efficiency. 

 

 
Progress 
towards 
vision 

 

Focus on efficient energy 

usage in the entire value 

chain in production 

processes, industry-to-

industry and industry to 

society.  

 

Increased cooperation 

between industry, academia, 

public sector, service sector 

and other stakeholders to drive 

innovative solutions for 

efficient energy use.  

 

 

Higher level of implemented 

innovative and sustainable 

technology solutions.  

 

Swedish industries are one 

of the most resource 

effective industries on the 

global arena.  
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Leadership 
The need for leadership is different in large 

companies and SMEs. It will require various 

forms of training and support on energy 

issues at the executive level. Human 

behaviour as a means to reduce energy usage 

in companies will be important, and new 

leadership approaches will be needed in 

several areas of investment, research and 

innovation to energy efficiency. Industry 

organizations and the public sector can also 

exercise leadership in energy matters with 

other businesses and consumers. 

Key indicators for Leadership 2016-2030 

 Key indicators 
2016-2020 2021-2025 2026-2030 

Activities 
 

Increased knowledge and 

awareness of the value of 

energy efficiency that 

permeates leadership in the 

industry at all levels.  

 

Management tools and 

methods for implementing 

energy awareness and 

action are developed 

throughout organisations. 

 

New and innovative 

knowledge about resource 

efficient management 

permeates industry.  

 

New technologies and 

services tested and 

demonstrated. 

Industrial leadership on 

energy makes use of a 

holistic view and broad 

system knowledge. 

 

 
RISE’s role 

and 
contribution 

 

RISE will develop processes 

to support actors’ work with 

non-technical innovations. 

 

 

RISE will perform R&D on 

new business models and 

concepts, and the impact of 

new market designs. 

 

 

 

 

 

RISE will perform pilot and 

demo trials together with new 

and existing actors on the 

market for development of new 

technologies and services. 

 

RISE will develop methods 

and tools for decision making 

for resource efficient 

leadership. 

 

RISE will support new and 

existing actors on the market 

with development of new 

services using validated 

methods. 

 

 

RISE will provide support to 

decision makers on policy 

development concerning 

resource efficiency. 

 

RISE will support Swedish 

management with new tools 

to meet new demands and 

enable decision processes. 

Progress 
towards 
vision 

Trans-sectorial 

collaborations focused on 

leadership have been 

initiated. 

 

Efficient energy utilisation is 

well recognised throughout 

organisations at all levels. 

Swedish management is 

recognized as a role model 

for resource efficient 

leadership. 
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Business models 
When new value chains are created and sectors 

are integrated, new business models need to be 

developed to be able to capture the benefits 

from new technologies, processes, and changed 

working behaviour. Moreover, economic 

evaluations of how policy instruments can help 

the industry to prioritize investments will be 

needed. It is important that policy instruments 

are clear and take potentially conflicting 

environmental goals into consideration. Energy 

efficiency policies should be designed to strengthen the competitiveness of Swedish industry. 

 
Key indicators for Business models 2016-2030 

 Key indicators 
2016-2020 2021-2025 2026-2030 

Activities 
 

Focus on new businesses 

and changes in the 

behaviour and needs in 

value chains and production 

processes. 

 

Awareness-raising of the 

benefits of energy efficiency 

as a tool in business models 

 

R&D activities on innovative 

business models. 

Deployment of new services, 

business models and 

analyses 

 
RISE’s role 

and 
contribution 

 

RISE will perform R&D on 

new business models and 

concepts, and the impact of 

new market designs. 

 

 

RISE will support new 

thinking about the circular 

economy and industrial 

symbiosis etc.  

 

RISE will collaborate with new 

and existing actors on the 

market for development of new 

business models for various 

technologies and services. 

 

Leading and performing R&D 

activities on innovative 

business models. 

 

RISE will be the national 

coordinator of actions within 

this field. 

 

 

RISE will support new and 

existing actors on the 

market with development of 

new services using validated 

methods. 

 

RISE will support new 

business models and 

concepts in the deployment 

phase with analyses. 

 
Progress 
towards 
vision 

 

Business models highlighting 

the costs and benefits 

energy use are incorporated 

receive increased attention 

in the strategic planning of 

companies and 

organizations.  

 

Energy management business 

concepts are incorporated and 

used in company strategic 

work and used in decision 

making on several 

management levels. 

 

 

Multiple, new, customized 

business models are in use 

in and spreading in Swedish 

industry. 
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Energy efficiency indicators, baseline and 
scenario developments 
There is a need for well-founded indicators to help 

decision-makers formulate policies that are best suited to 

national and/or international objectives. Both fundamental 

data and composite indicators need to be improved. 

Tools will be developed for evaluation and comparison of 

different process technologies relating to primarily energy 

and CO2 effects such as: 

 Influence on energy systems from energy prices, economic instruments, legal instruments and 

subsidies.  

 Development of new key performance indicators (KPI) for efficient energy utilisation with 

respect to core areas as leadership, economics, technology and production.  

 Energy efficiency indicators within a company or a branch.  

Key indicators for Energy efficiency indicators, baseline and  
scenario developments 2016-2030 

 Key indicators 
2016-2020 2021-2025 2026-2030 

Activities 
 

New methods for measuring 

innovations in the area of 

energy utilisation are 

developed to make it 

possible to compare energy 

activities in national and 

international contexts. 

 

Development of methods for 

mapping potential and 

performance for various 

technologies and services. 

 

Collaborations with focus on 

mapping potential, defining 

indicators etc.  

 

Monitoring and development 

of requested data and 

analysis to decision-makers 

and industry. 

RISE’s role 
and 

contribution 

RISE will be the coordinators 

of trans-sectorial 

collaborations with a focus 

on mapping potential, 

defining indicators etc. 

RISE will provide support to 

decision makers on policy 

development concerning 

resource efficiency. 

 

RISE will be the national 

coordinator of actions within 

this field. 

 

Supporting and delivering 

requested data and analysis 

to decision-makers and 

industry. 

 

Progress 
towards 
vision 

Improved definition of the 

most important indicators for 

energy utilization in industry.  

Monitoring and benchmarking 

of energy utilization is 

everyday business throughout 

industrial processes, between 

industries and between 

industry and the surrounding 

society. Increased knowledge 

of benefits for indirect 

indicators.  

 

A new and more holistic 

view of the benefits of 

working with continuous 

energy efficiency 

improvements is 

established. 
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RISEnergy Roadmap  

Decarbonisation of Basic Industries 
RISE Research Institutes of Sweden is a group of research and technology organisations. In 

global cooperation with academia, enterprise and society, we create value, growth and 

competitiveness through research excellence and innovation. 

 

In the area of Energy, RISE has developed innovation Roadmaps covering: 

 

 Energy Efficient Transport 

 Electric Power System 

 Energy Efficient and Smart Buildings 

 Sustainable Thermal Processes for conversion of biomass and waste to energy, fuels 

and other products 

 Efficient Energy Use in Industry 

 Decarbonisation of Basic Industries 
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Description of the Innovation Area 

The Roadmap describes a development pathway for technologies, non-technical elements (market 

design, user behaviours, policies, etc), and key actors (in our case, RISE) that delivers on a plausible, 

desirable vision for the innovation area in 2030. 

The transition to a decarbonised or carbon-neutral society will rely on numerous technologies to be 

adopted across different sectors. For basic or heavy industry, this entails decarbonisation of primary 

energy sources and feedstocks by renewables or recovery and use (or disposal or “storage”) of 

produced CO2 from fossil fuels (Figure 1). 

 

Figure 1 Future decarbonised or carbon-neutral industry 

 

This vision describes how Sweden can be active in the development, proof of concept and 

implementation of techniques which strengthen Swedish industries competiveness and possibilities for 

export and related solutions.  RISE can contribute to a decarbonisation that meets the increased  
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demands on industry through facilitating and leading innovative research related to decarbonisation in 

industrial processes.  

The roadmap covers the application and development of 

decarbonisation techniques for the basic industries, including the 

development of new processes not dependent on fossil resources 

and the application of carbon capture, utilisation and storage 

(CCUS), technology development and systems solutions.  

All technologies for separation of CO2 from gases are of interest. 

The roadmap is limited by the boundaries of other roadmaps 

developed in RISE Energy. Process integration and systems 

analysis coupled towards separation of CO2 are included but is 

also adjacent to the roadmap “Efficient Energy Use in the Swedish 

Industry”. Application of the reformed exhaust in biological 

processes (eg. in the cultivation of algae) are included but take 

into account the Roadmaps developed previously for the 

Bioeconomy. Introduction of renewable feedstock is included 

but limited by the same Bioeconomy work. Techniques for storage of captured CO2 as well as social 

and economic issues linked to the storage are not included. 

Societal challenges in decarbonisation 

Global CO2 emissions reflect the world´s use of fossil energy. Industrial processes are highly energy 

intensive and accounts for substantial amounts of energy use. Currently approximately 1/3 of global 

energy use is related to industrial applications, and on-site industrial energy generation and processes 

account for around 20% of global greenhouse gas emissions.  

Although basic industries in Sweden are both energy efficient and improving, the country’s industrial 

structure is highly energy intensive. From the perspective of CO2 emissions, the availability of 

Interfaces with other RISE Roadmaps.  

Figure 2 Development of decarbonised society 
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electricity from hydro and nuclear power means that Swedish industry has a lower CO2 intensity than 

many countries. (See Figure 3 below).  

Nonetheless, many industrial processes not based on electricity emit CO2 and few mitigation options 

exist today. For example, the reduction of iron ore by carbon, resulting in CO2 and CO as a product 

gas or off-gas is an inevitable element of nearly all steelmaking processes. On average, 1.8 to 2.2 

tonnes of CO2 is released into the atmosphere for every tonne of steel produced from virgin iron ore. 

As a result, global steel production is responsible for the emission of about 2.4bn tonnes of CO2 per 

year, or almost 30% of the direct CO2 emissions from industry. Potential technologies have been 

identified to reduce these CO2 emissions: some await testing, and others are still in the development 

stage. 

Other significant basic industries with high CO2 intensity are cement, and chemicals and 

petrochemicals. 

For globally produced materials, such as steel, cement and chemicals, costs related to meeting CO2 

reduction obligations are also a competitive issue. In the short-term, there is a risk that production in 

countries with ambitious CO2 reduction trajectories will be more expensive than in countries following 

other trajectories or timelines, leading to 

closure of manufacturing installations and 

job losses.  

Without confidence in a level playing field, 

investment in new technologies with 

significant attendant risks, is not being 

made at the scale required. Solutions based 

on existing technologies, proven in other 

industries and provided via a technology 

transfer into other industrial branches, are 

much more attractive to producers, 

particularly if the necessary modifications to existing plants are minimal and allow the existing 

arrangements to be quickly restored should the need arise. Risks are reduced, experience is already 

available and the potential for diverse 

suppliers can minimise costs. 

 

Innovations with great potential 

As illustrated in Figure 1 above, CO2-free electricity or renewable (biomass) feedstocks can be used to 

generate hydrogen gases that can be used directly in processes such as the reduction of iron ore, or in 

combination with captured carbon to produce synthetic hydrocarbons for use in energy, chemicals, and 

material applications. 

Carbon capture, utilisation and storage (CCUS) will be an important option where CO2 emissions are 

expected to be unavoidable, such as in cement production. Carbon capture is most economical if the 

CO2 is used as a raw material rather than stored. 
.
  

Figure 3: Energy intensity (koe/$) and CO2 intensity (kCO2e/$) of 

industry. Source: World Energy Council/Enerd 
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Some technologies are quite advanced, such as production of fuels and chemicals from CO-containing 

waste gases (Lanza Process) which has been recently commercialized. Many other alternatives are at 

lower TRL levels. As with CCS, It will be important to monitor the universities and other early stage 

technology developers for the highest potential technologies that need to go to industrial-oriented 

testing. More so than CCS, CCU is very strongly cross-cutting between industrial sectors, and there 

will be a need for cross-sectoral/disciplinary teams covering both industrial processes which provide 

the carbon and potential users in the chemical and fuel sectors, material manufacturing and life-cycle 

specialists.  

 

 

 

CO2 captured, separated or even remaining in a flue gas stream may be used in other processes. The 

CO2 can be used for fuel production, as feedstock for chemicals, energy storage and for carbonate 

mineralization for buildings. The CO2 can be used as feedstock for some of the requirements in e.g. a 

power plant. The CO2 from the flue gas may be used for production of Urea used for NOx-reduction 

on site and CO2 can be used for cultivation of algae which can be used as fuel.  

Of particular interest is the substitution of fossil methanol with bio-methanol. Over 60 MT of 

methanol is produced today, based on natural gas, and production is growing by 8% annually. 

Methanol has a wide usage range -- it can be blended in vehicle fuels, used as fuel for large ships and 

used for energy storage. 

Production of fossil-free methanol (bio-methanol) may be integrated in biomass-based heat and power 

production. The methanol can be produced by synthesis from H2 and CO or CO2. The H2 can be 

Figure 4 Different development path for CCUS (Source: CO2Chem) 
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produced by electrolysis of H2O driven by electricity generated from wind and solar power. The 

electrolysis can also be driven by electricity generated in a CHP-plant. 

The CO2 can be separated or captured from the flue gases in biomass fired boilers (BioCCS or 

BECCS). Several separation techniques do exist and perform very well but are costly. Cheaper CO2 

separation techniques are evolving but the purity of the separated CO2 will be relatively low. 

Techniques for processes requiring CO2 as feedstock that do not require separation of the CO2 as long 

as the concentration is sufficiently high are also under development.  

CCS with geological storage of CO2 is an option for reducing emissions while still using fossil fuels. 

CCS is applied with technology available today, however in the absence of financial benefits via e.g. 

Enhanced Oil Recovery, it is not economical. The main technical challenges directly for industry are 

in reducing the energy demand and cost of capturing CO2, and identifying suitable storage sites. 

Equally or more important are the aspects of public acceptance, financing for large investments and 

legal/regulatory aspects of transport potentially across borders. Although CCS may play role in 

Sweden, other countries with much higher dependence on fossil fuels will need to implement CCS and 

CCU technologies to reduce CO2 emissions to meet global emission targets. 

Sweden can, with a clear strategy introduce a decarbonised industry, strengthen both industry and the 

global market. In order for this to happen the most important needs are:  

 Research Infrastructure 

 Evaluation and development of technologies 

 Evaluation of possibilities for implementation  

Interesting technologies that should be considered are: 

 Chemical looping 

 Mineral carbonisation 

 Reforming and conditioning of gases for further use, e.g. water-gas-shift 

 Conversion of CO2 to chemicals 

 Oxyfuel technology 

 Post-combustion carbon capture technologies such as new solvents and process concepts 

 Introduction of renewables 

 Introduction of H2 

Development of new commercial-scale process technologies will require test work from lower TRLs 

to demonstration scale. RISE has a clear role to play both in understanding how new technologies will 

impact the energy system and how technology development can take technologies from the bench to 

demonstration scale. RISEs experience with piloting and test beds is an advantage. RISEs capacity to 

make life-cycle analyses and system integration will play an important role for final implementation of 

the technology in society. 

There are a great number of technologies that are under development such as shown in Figure 4. 
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Vision 2030  

 

RISEs Role 

By 2030, RISE has contributed to the development of two new concepts for a) carbon capture 

technology for industrial applications as a method for mitigation of CO2 from industrial processes; b) 

utilisation of industrial CO2 streams, together with a renewable source of H2 as a method for 

mitigation of fossil CO2 emissions; and c) production of new products from industrial process gases. 

 
Bild; Martin Nihenhuis  

By 2030, a range of decarbonisation options has been proven across the basic industries. 

Carbon Capture, Utilisation and Storage (CCUS) has been tested in pilot scale and 

demonstrated at large scale. The process industries are investing in technologies for CCUS, 

both because of emission reduction requirements and because of demonstrated opportunities 

for valorising captured CO2 in their own industries and in symbiosis with others. Carbon 

neutral energy carriers have been introduced in industry and reduction of iron ore by 

hydrogen is demonstrated at scale. Sweden is at the forefront of technological development 

in these areas globally and is well positioned to export decarbonisation solutions.  
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Development path for decarbonisation of basic 

industries 

The development path towards the vision is related to two main areas, namely CCS/CCUS and carbon 

neutral or non-fossil dependent industrial processes. The development path can be seen over three time 

periods. The first period focuses on developing promising concepts. The focus for the second period is 

experimental and pilot studies as well as market analysis. In the third period, which focuses on concept 

implementation, business model and market analysis are important aspects that need special attention. 

See Figure 5. 

 

 

 

The introduction of industrial CCS and CCUS as a mitigation option for the industry requires the 

development of process technologies, demonstration and commercialisation, and the development of 

products as well as new business models.  The target will be achieved through close cooperation 

between RISE Institutes, industry and academia collaborating within the value chain. 

Development of non-fossil dependent industrial processes requires development of process 

technologies, demonstration and commercialization as well as new business models where business-

to-business partnership is included. The target will be achieved through close cooperation between 

RISE institutes, industry and academia.  

Specific key indicators in the development for the two pathways are further described in the tables 

below.  

Decarboni-
sation of 
industry 

Development 
of concepts  

             
(Institute, 
Academia) 

Experimental 
studies 

               
(Academia, 
Institutes) 

Pilot scale 
tests/ dem-
onstration  

 
(Institutes, 
Industry) Market 

analysis  
 

(Academia, 
Institutes, 
Industry) 

Feasibility 
study, 

buisiness plan  
 

(Industry, 
Institutes) 

Concept 
implement-

ation  
 

(Industry, 
Institutes) 

- 

Figure 5 The road to achieving the vision 
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Table 1: Key indicators for a decarbonised industry (Period 1) 

 

 
Area 

 
Overall 

progress 
towards vision 

 
Progress of 

technologies 
Key indicators 

 
Non-technical 
innovations 

Key indicators 

 
Areas for 

RISE’s 
contribution 

 
 Key indicators for a decarbonised industry 

Period 1 (e.g. 2016-2018) 
CCS/CCUS Demonstration 

of concept 
(TRL6-7) 

Pre-feasibility 
testing 
 
Improved system 
cost (total 
integration) 
 
Product 
development and 
testing 
 
Storage site 
identification 

Financing & legal 
structures 
 
Product 
portfolio/classification 
  
Developed new 
business models 
 

Development and 
piloting of CCUS 
technologies 
 
Material and 
product 
development 
 
Identifying 
opportunities, 
Business model 
development 
 
Leading 
consortiums in 
pre-feasibility 
testing 

 
Impact 
assessment 
 

Non-fossil 
dependent 
industrial 
processes 

Identification of 
most promising 
energy carriers 

Concept 
development for 
industrial 
processes 
utilizing new 
energy carriers 
 
Concept for 
decarbonised 
energy carriers 
(electrolyzed 
water) 
 

Renewable energy 
policy and legal 
structures 
 
New business 
models (industrial 
symbiosis) 

 

Development of 
concept 
 
Energy system 
development 
 
Identifying 
opportunities 

 

 

 

 

 

 

99



 Decarbonisation of Basic Industries 

 

 

11 

Table 2: Key indicators for a decarbonised industry (Period 2) 

 

 
Area 

 
Overall 

progress 
towards vision 

 
Progress of 

technologies 
Key indicators 

 
Non-technical 
innovations 

Key indicators 

 
Areas for 

RISE’s 
contribution 

 
 Key indicators for a decarbonised industry 

Period 2 (e.g. 2019-2022) 
CCS/CCUS Demonstration of 

concept (TRL6-
7) 

Pre-feasibility 
testing 
 
Improved system 
cost (total 
integration) 
 
Product 
development and 
testing 
 
Storage site 
identification 

Financing & legal 
structures 
 
A specified 
number of 
feasible products  
 
Market 
identification and 
acceptance for 
products 
 
CO2 storage 
conditions 
 

Development and 
piloting of CCUS 
technologies 
 
Material and 
product 
development 
 
Identifying 
opportunities, 
Business model 
development 
 
Leading 
consortiums in pre 
feasibility testing 
 
Impact 
assessment  
 

Non-fossil 
dependent 
industrial 
processes 

Demonstration of 
concept (TRL 5 6) 

Validation of 
concept (lab to 
pilot scale testing)  
 
Assessment of 
supply and energy 
networks 

Identification of 
potential actors 
 
Financing & legal 
structures 

Lab and pilot 
testing 
 
Developing and 
leading consortia 
 
Impact 
assessment 
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Table 3 Key indicators for a decarbonised industry (Period 3) 

 

 
Area 

 
Overall 

progress 
towards vision 

 
Progress of 

technologies 
Key indicators 

 
Non-technical 
innovations 

Key indicators 

 
Areas for 

RISE’s 
contribution 

 
 Key indicators for a decarbonised industry 

Period 3 (e.g. 2023-2030) 
CCS/CCUS Implementation 

of concept (TRL 
9) 

Feasibility testing 
 
Concept 
implementation  
 
Proven process 
efficiency 
 
Testing of storage 
sites 
 

Financial 
schemes in place 
 
Policy support in 
place 
 
Markets 
developing for 
“zero-carbon 
products”  
 
Market 
developing for 
CO2 storage 
networks 

Development and 
piloting of CCUS 
technologies 
 
Business model 
development 
 
Leading 
consortiums in 
feasibility studies 
 
Technical 
assistance in 
implementation 
 
Evaluating impact 
assessment 
  

Non-fossil 
dependent 
industrial 
processes 

Demonstration of 
concept (TRL 7-8) 

Feasibility testing 
 
Small scale 
concept 
implementation  
 
Increased non 
fossil energy 
supply (energy 
system in 
transition) 
 

Market developing 
for non-fossil 
energy carriers 
 
Policy support in 
place 

 

Feasibility testing 
(pilot and demo) 
 
Impact 
assessment 
 
Technology 
transfer to other 
markets 
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Conclusions 

For Sweden’s ambitions to become fossil-free and carbon neutral, one of the biggest challenges is 

industry. Basic industries such as steel, chemicals and cement are reliant on fossil fuels, and 

decarbonisation will require a combination of new uses of CO2-free electricity, as well as carbon 

capture and utilization that both reduces industrial emissions and generates new resources for energy, 

chemicals, and materials. 

Many of the technologies that will be developed and implemented to suit Swedish conditions can be 

considered for export in the future, though their adoption may take some time. For much of the rest of 

the world, it is expected that fossil fuels will remain dominant through to 2045 or beyond. This gives 

Sweden and RISE the opportunity to develop and implement these technologies well before other 

countries further behind in the transition.  
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