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Part 1: Needs, objectives, and impacts  

1. Knowledge needs  

In the 2015 Paris Agreement, world leaders pledged to cut greenhouse gas emissions radically. The 

corresponding aim of rapid and deep decarbonization will affect all sectors, such as energy, transport, industry, 

and buildings, as well as our everyday lives. The energy sector is crucial for transitions to low-carbon societies. 

As variable renewable energy enters a path of sustained growth, key energy transition challenges shift towards 

integrating large shares of renewables through additional flexibility and by decarbonizing other key emitting 

sectors, such as transport and industryi. The scope of the transition thus extends beyond targeting single 

technologies and sectors, thereby increasing the overall complexityii. New practices, increased citizen 

engagement, and changes in behaviour are vital in order to stimulate demand for low-carbon solutions, to 

create political legitimacy, and to mobilize the resources needed for the transitioniii. NTRANS asks: (1) How 

can the scope of the transition be widened to include citizens and their interaction with technologies and 

systems? (2) How can the scope of the transition be deepened (i.e. how can a fundamental society-wide change 

be implemented through the logics of production, distribution, consumption, and coupling of economic 

sectors)? and (3) How can the transition be accelerated to achieve emission reductions at the intersection of 

energy, climate, and sustainability? Below, we summarize the challenges addressed by NTRANS. 

Main challenge: Deep decarbonization and wide societal change. Deep decarbonization implies an 80–

100% carbon reductioniv, which will transform interlinked cultures, technologies, infrastructures, 

organizations, markets, regulations, and user practices into sustainable societal functions and services. Beyond 

the Norwegian petroleum sector, key sectors for decarbonizing society are transport, industry and the building 

sector. These sectors (energy carriers and infrastructure), policies (climate, industrial, and energy), 

technologies, and actor constellations (citizens, companies, and policymakers) are all linked by the energy 

system. Thus, transition success requires cross-sectoral thinking, focusing on instigating society-wide change 

in a sustainable direction across the different shared socioeconomic pathways (SSPs)v. Industries, transport 

systems, and buildings are all dynamic constellations, but transformative action within them is constrained by 

path dependencies resulting from design, technological, investment, planning, and construction decisions, as 

well as from social inertia generated by norms, customs, routines, and habits. The knowledge needs are:  

• Better understanding of the interplay between technologies, sectors, industries, and society 

• More knowledge about how to overcome sociotechnical path dependencies in deep decarbonization  

• More insights into how to create inclusive engagement in energy transitions and sustainable practices 

Main challenge: How can we accelerate the transition to low-carbon societies? Evidence shows that the 

energy transition must be accelerated for the world to stay below 2-degrees warmingvi. This calls for radical 

innovations, but also massive deployment of existing technologies, such as hydrogen, biofuels, offshore wind, 

and CCS. However, transforming towards deep decarbonization requires looking beyond single technologies 

and sectors to understand how the energy transition can be accelerated. Whereas earlier transitions were driven 

by new technologies/resource discoveries, the current energy transition is purposive, in which policy has a key 

rolevii. A key aspect is aligning transition and industrial goals to mobilize businesses and legitimize transition 

policies, and to delegitimize unsustainable practices by mobilizing citizens. The knowledge needs are: 

• To understand which actors drive the acceleration of the transition and who hampers the process, as well 

as how cooperation between public and private actors may affect the acceleration  

• How policy can impact both the rate and direction of innovation across sectors in the acceleration of the 

energy transition 

• More knowledge about whether and how system technologies such as storage and digitalization can 

impact the pace of the energy transition. 

Main challenge: Designing the future energy market. Energy transitions should be anchored in a well-

functioning energy market, allocating energy system resources optimally in the short term, while providing 

investment incentives for optimal resource allocation in the long term. The long-term goals include welfare, 

fairness, sustainability, and security of supply. One challenge in designing markets is to meet these goals and 

understand the interplay between short-term system operation, market functions, and integration with 

transport, building, and industry sectors. Currently, low-carbon generation integration is supported by different 

mechanisms (e.g. FiT, certificates, and tariff designs). However, new market designs are needed to enable the 

integration of renewables and investments in system services, such as storage and smartgridsviii. Additionally, 

active consumer market participation and prospects provided by digitalization and distributed ledger 

technologies are key. The knowledge needs are: 

• To understand the future interrelated market places for energy, flexibility and services, the products traded 

in them, and the emergence of new types of actors related to sector integration 

• To understand digitalization opportunities for efficient allocation of resources based on products, 

contracts, and services, focusing on the qualities of the energy and active consumer participation 
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• To increase the knowledge about how regulations and policies at EU level affect Norwegian energy market 

design and the exploitation and value of Norwegian resources in the energy transition 

Main challenge: Development of feasible and robust transition pathways for a sustainable future 

Pathways present consistent narratives about events and actions leading to a sustainable future. ‘Transition 

pathways’ reflect the many possible strategies to move from ambition to action, and differ in technology mixes, 

assumptions about social change, and environmental impact. Further, stakeholders often support different and 

sometimes conflicting pathways, depending on a number of uncertain factors (e.g. decisions by policymakers, 

companies, and citizens). Thus, probing the technological and political feasibility of different pathways and 

their alignment with different SSPs can generate insights into how to realize particular pathways. The 

knowledge needs are: 

• Identify actions that could help to reach targets for both 2030 and 2050, and that are feasible and robust 

to uncertainties 

• To bridge sustainability transition studies (including elements from political science and economic 

sociology) and economic energy system analyses 

• To understand how different pathways directly affect the value of Norwegian energy resources, and 

implicitly economic growth and welfare distribution 

Relation to existing FME research centres and the knowledge developed by them 

The FME scheme includes eight technologically oriented centres that are addressing themes such as electricity 

distribution (including smart electricity), hydropower, biofuels, mobility, and solar cell technology. To address 

the above challenges, knowledge from the technology oriented FMEs must be anchored in society. NTRANS 

will collaborate with six technology oriented FMEs (ZEN, CINELDI, MOZEES, HydroCEN, NCCS, and 

HighEFF) to develop new knowledge in the interface between the social sciences and technology development. 

Descriptions of this cooperation and related research questions can be found in RA 5 (User cases/ Pilot 

descriptions) and in LOIs from FMEs. Whereas these FMEs focus on single sectors or technologies, NTRANS 

probes the whole system, and the interplay between humans, technologies, stakeholders, industries, markets 

and policies, impacts on different sectors, and wider societal change. The knowledge needs are: 

• To probe the relationship between various policy mixes and the technologies and/or solutions promoted 

in different technology-related FMEs to ensure that policy mixes stimulate synergies 

• To understand the extent to which actors across industry, policymaking, and local communities accept, 

support, and implement the technologies promoted by technology-related FMEs  

• A more systemic focus on the role of the FME centres (including their innovation potential) for the 

transportation sector, renewable energy development and intelligent electricity distribution, the building 

sector, and the broader energy transition 

Relation to FME CenSES (ending in 2019). CenSES mainly focus on the transition of the energy sector and 

energy system. NTRANS will research transition strategies more broadly to encompass the role of the energy 

system in whole systems and societal change, while focusing on more specific tasks such as how to accelerate, 

up-scale, and widen transitions in an environmentally sustainable way. Some major differences in knowledge 

development are that NTRANS is highly focused on: (1) energy end users and their interactions with more 

distributed energy systems and new markets, (2) the links between end use sectors such as the building sector 

(including smart neighbourhoods), industry, and transport, (3) the interplay between existing energy carriers 

and emerging technologies such as CCS and hydrogen, (4) much stronger cooperation with technology FMEs, 

(5) analysing transition pathways towards 2030 and 2050 that have an integrated disciplinary and 

interdisciplinary approach, which differs from CenSES traditional scenario studies, (6) NTRANS’ inclusion 

of psychology competence, allowing for new methods such as agent-based modelling (ABM) and surveys. A 

new set of user partners reflect this inclusion. 

2. Objectives  

The primary objective of NTRANS is to develop theory, methods, competence, and knowledge to support key 

transition stakeholders in the development and implementation of transition strategies. We apply a whole 

systems perspective that sees social and technological development as tightly entangled, thus stressing that 

both changes within the energy system and in related sectors are vital in the transition to a low-carbon society. 

NTRANS secondary objectives enhance the goals of the FME Samfunn scheme 

Enhancing the structure of Norwegian energy research by: 

• Applying a multidisciplinary and interdisciplinary approach based on three complimentary research 

perspectives: sociotechnical, techno-economic, and environmental sustainability to create robust 

knowledge by cross-disciplinary synthesis and strengthening research community collaborations. 

• Embedding the innovations in technology FMEs in a societal context, strengthening links between 

technology-related FMEs, and enabling closer collaboration between technological and social research, 

thereby increasing international competitiveness  
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• Serving as the central hub that coordinates, disseminates, and facilitates collaboration between large 

numbers of nationally and internationally funded research projects involving NTRANS researchers  

Cultivating internationally leading research groups and strengthening international networks by: 

• Bringing together research groups with a proven track record of international research and leadership in 

order to create synergies. NTRANS scholars currently coordinate 3 and participate in 15 H2020 projects 

and will submit at least one annual H2020 (FP9) proposal from the NTRANS research partners 

• Establishing a network of 10 carefully selected international NTRANS partners, participating in our 

advisory board, joint supervision of at least 12 doctoral students, international exchange of at least 10 

researchers and/or students, and participation in joint projects resulting in at least 20 co-authored peer-

reviewed international publications 

• Strengthening NTRANS research partners’ ability and capacity in prioritized international networks such 

as EERA J3s, ERA NET, IEA working groups, STRN, EASSN, mobilities, 4S, ISDRS, ETSAP, and the 

NTNU Energy Transition Initiative network  

Generating relevant knowledge and integrating private and public sector users into centre activities by: 

• Performing six initial user cases with pilot studies together with users in the first two years of NTRANS, 

the goal being to produce directly relevant knowledge. In sum, we will conduct 10–15 user cases  or pilots  

• Producing 65 policy briefs or position papers with results from research areas (RAs) and user cases 

• Establishing arenas to advance dialogue, communicate research results, and learn from user partners  

High-profile, knowledge-based and credible contributions to climate and energy discussions by:  

• Hosting an annual landmark conference for user partners, transition stakeholders, and the public  

• Hosting 3 international conferences during NTRANS’ lifetime, at least 6 annual workshops for user 

partners and the public. Together with participants in the NTNU Energy Transition Initiative, host 2–4 

annual international workshops  

• Publishing 130 peer-reviewed journal articles, 30% at the highest level in the publication system, 3 

scholarly books, and 15 book chapters in edited books 

• 140 papers international conference presentations, contributing to the training of NTRANS researchers 

and all doctoral students in participation in the dissemination of knowledge and information to the wider 

public and in debates through workshops on communication and dissemination strategies 

• Participating actively in the public debate on climate and energy issues by actively participating in 

stakeholder conferences, producing open editorials and blog posts in key outlets, and contributing to the 

EnerView podcast series  

• Producing position papers and policy and/or innovation briefs addressing key stakeholders in the field 

Engage in teaching and researcher training activities within social sciences related energy research by: 

• Training 27 doctoral students/postdoctoral researchers and supervising minimum 100 Master’s students 

• Organizing national and international summer and/or winter schools for doctoral students, and compact 

courses and MA-level courses in climate and energy management targeting practitioners in the public and 

private sectors 

• Involving students in projects related to energy transition at a societal level, as well as concrete innovation 

projects from NTRANS and partner FMEs. This will be done in collaboration with our partner SFU Engage. 

NTRANS’ relation to expected goals as highlighted in the FME Samfunn scheme 

To reduce national and international greenhouse gas emissions by: 

• Producing recommendations for policymakers, industry actors, public actors, and other, focusing on 

technological innovation and on the interaction between these actors, the public, and technologies  

• Studying possible transition pathways leading to low emission targets across sectors and to knowledge 

about potential technology mixes, barriers to implementation, determinants, and underlying assumptions 

Expected impacts: The provision of a realistic fact base for stakeholders that will lead to a stable future in 

environmental and societal terms in as fair, inclusive, and democratic way as achievable. This includes deeper 

insights into the environmental effects of new solutions, costs, risks, opportunities, and impacts on economic 

growth, welfare distribution, and citizens.  

To increase energy security, by ensuring Norway’s security of supply, such as through flexible and efficient 

use of power and energy by: 

• Improving the understanding of how demand response and flexible consumption across sectors of demand 

can play a role in the energy transition together with flexible hydropower and other technologies when 

managing local demand peaks, and national and European power markets  

• Advancing understandings of energy market design to use existing infrastructure more efficiently, and to 

maintain security of supply, for example by local coordination in neighbourhoods 
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• Exploring the opportunities and limits of ICT technologies as enablers of energy efficiency services and 

as cross-sectoral coordination tools 

• In sum, energy security will benefit from the NTRANS’ whole systems perspective because we are able 

to exploit new forms of cross-sectoral coordination focusing on transport, industry, and buildings  

Expected impacts: NTRANS will provide strategies and tools for advancing agendas within fields such as 

smart neighbourhoods and cities, smart distribution grids, and transport that will realistically assess the 

potential interplay between sectors and the energy system (e.g. through smart charging, local flexibility 

markets, local heat storage, and demand response). Such whole systems knowledge might provide substantial 

savings from improved infrastructure design, without sacrificing security of supply. 

To improve utilization of resources, which involves industrial development and value creation through efficient 

and sustainable utilization of profitable renewable resources by:  

• Developing knowledge about how digitalization, new market design, market places, products, and new 

actor roles advance the uptake of distributed and integrated energy systems, increasing the penetration of 

intermittent renewables, increasing flexibility in the energy system, and activating consumers  

• Performing analyses under different assumptions of market design, evaluating the inherent flexibility of 

regulated hydropower, and the effects on its value, which we expect to increase  

• Increased Norwegian renewable generation, which will lead either to increase local consumption or to net 

export of power. NTRANS will assess the interplay between new power generation, industry, and cross-

border cables  

• Studying the effect of European policy choices regarding market design, technology mix, and national 

self-sufficiency on the substantial Norwegian offshore wind resources  

• Hydrogen from gas and electricity can be a central energy carrier across sectors. NTRANS will provide 

a cross-sector assessment of how to establish value chains for hydrogen, including a domestic market 

• Providing an integrated view of CCS’ interplay with sectors like the power sector, industry, transport 

(providing hydrogen from natural gas), waste management, and the heat sector (waste, hydrogen) 

• Understanding political process of developing regulatory frameworks and market design at EU level is 

important to ensure Norwegian interests. NTRANS will help policymakers affect EU processes. 

Expected impacts: NTRANS knowledge and decision support tools will greatly advance the understanding of 

value creation from Norwegian energy resources, which include hydropower, wind, and hydrogen and gas 

value chains with CCS, and the development of policies that will secure those values. 

Innovation, involving strengthening innovation in Norwegian trade and industry and the public sector, thereby 

promoting the development of an internationally competitive energy and climate technology industry by:  

• Providing analysis and position papers that advance our understanding of the factors shaping the pace of 

energy transitions, focusing on the links between research, industry, public government agencies, 

policymakers and society. A particular focus will be on how public policy can influence acceleration 

• Providing analysis of opportunities that emerge from deep decarbonization, such as new commercial 

opportunities from sector couplings, and sharing economy dynamics and service economy dynamics  

• Providing analyses of how public sector actors can promote social innovation that results in new 

sustainable practices across societies  

• Studying the role of financial institutions in the transition and how barriers that prevent investments in 

green energy infrastructures and other transition investments can be removed  

• Establishing a multidisciplinary FME Innovation Forum consisting of innovation managers in the 

technology FMEs, in order to stimulate collaboration, co-creation, and knowledge sharing 

Expected impacts: NTRANS will provide knowledge that may help to accelerate the implementation of new 

climate and energy technologies, services, and social innovations in Norway and worldwide, as well as the 

creation of new commercial products from Norwegian technology research within zero emission technologies 

for maritime transport, new market platforms for flexibility, CCS technologies, and offshore wind.  

Added value of NTRANS as a centre: The main added value from organizing this research as a centre comes 

from the ability to define long-term research on challenges requiring diverse competences that are not present 

in any of the entities alone. Research areas and educational tasks in NTRANS require cooperation and the 

integration of analytical perspectives. The effects and added value are particularly high for research training 

and national competence building, as detailed in Chapter 3. However, a further benefit will be increased 

capacity and impact in the interface between the technology FMEs and NTRANS. Cooperation on centre 

activities such as research education, seminars, conferences, and workshops are equally important and crucial 

to the development and capability to synthesize results.  
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3. National competence-building in research, public administration, trade and industry 

The combined capacity and competence of NTRANS research partners uniquely qualifies them to engage in 

ambitious whole systems analysis. NTRANS will further strengthen the strategies, qualifications, and capacity 

of the involved partners. The report Social Science Research on Environmentally Friendly Energy in Norway 

ranks NTNU as the largest and most important national institution in the field. Together with UiO, it has the 

highest number of publications. All NTRANS partners score high on publications and international 

collaboration. Thus, the NTRANS consortium should be regarded as the strongest and largest network in the 

field in Norway regarded as the strongest and largest networks in the field.  

‘Energy’ is one of four strategic focus areas at NTNU. The strategic area ‘Sustainability’ will also benefit 

from NTRANS, and the UN’s SDGs are integrated into all NTNU Faculty strategies. Innovation is a pervasive, 

cross-cutting focus area and there a long-standing tradition of cooperation between social sciences, 

engineering, and natural sciences within the energy field at NTNU. The area of transition strategies is highly 

prioritized, and through the 5-year NTNU Energy Transition Initiative (sponsored by NTNU, Statkraft, and 

Equinor) which started in 2017, researchers have set out to establish a world leading energy transitions 

network. NTRANS is a central part of that strategy. NHH and SNF have long led economics research in 

markets and market design, providing research and competence for the liberalization of the Norwegian power 

market, work on energy, disruption, and climate investment risks. The two largest independent energy research 

institutes in Norway, SINTEF and IFE, have energy system transitions among their strategic areas. They have 

a strong position in social science related research on energy systems and markets. Together, NTNU, SINTEF, 

and IFE host 7 of the 8 established technology-related FMEs. Research partners Vestlandsforskning and HVL 

are prominent within sustainability in transport and energy, and regularly lead and participate in national and 

international research projects within these topics. The sustainable development of society is one of their main 

driving strategies. Together, NTNU, NHH, UiO, and HVL educate the majority of master’s and PhD students 

in the social sciences with respect to energy in Norway.  

A key indicator of NTRANS’s success will be our contribution to long-term national competence building. 

We will enhance researcher training and the development of relevant educational programmes by establishing 

a PhD programme with 21 PhD students who will be funded directly and by creating a multidisciplinary PhD 

course in energy transition strategies. NTRANS will involve international networks for research and education, 

and for international co-supervisors. We will involve students in projects related to energy transition at a 

societal level, as well as concrete innovation projects from NTRANS and partnering FMEs. NTRANS strongly 

increases our capability to provide top international quality in these activities (as has CenSES). NTRANS will 

also provide targeted training activities for PhD students and early career researchers. NTRANS research will 

be included in curricula in master’s and bachelor programmes at the involved universities. Additionally, new 

courses at the intersection of energy and society will be taught in collaboration with our partner, SFU 

ENGAGE, a Centre for Excellence in Higher Education. The cooperation with user partners at the centre will 

provide excellent opportunities for our master’s students to be part of and gain relevant insights from industry 

and public authorities.  

NTRANS builds national competence through its whole systems perspective along three dimensions. 

First, we address multidisciplinary challenges requiring the cooperation between disciplines such as sociology, 

political science, science and technology studies, economics, management, industrial ecology, and energy 

systems in order to capture the complexity of current energy-related challenges. NTRANS will improve these 

milieus’ ability to work in interdisciplinary manner and hence improve their capacity to move the international 

research frontier. Second, NTRANS addresses cross-sector challenges and thereby increases the societal 

capacity for cross-sectoral learning. Third, NTRANS addresses challenges that involve stakeholders from 

different groups, such as policymakers, interest organizations, and trade and industry, and thereby establishes 

new sites of dialogue and learning.  

Specific value for the user partners from this research design is illustrated by the NTRANS user cases. 

Stakeholders from public administration and local government (Enova, Innovation Norway, Gassnova, 

Counties, local governments, directorates) will benefit from knowledge of how their strategies, regulations, 

instruments, and support schemes can be better aligned with and adjusted to other stakeholder groups to 

facilitate accelerated transition and deep decarbonization. Energy companies (Statkraft, Equinor, BKK) will 

gain better insights into the role of energy carriers in the decarbonization and value creation of various sectors, 

how their competitiveness is affected by market design, the regulation framework, and how to include more 

active consumers. Industrial companies (Hydro) will gain new knowledge about transition pathways towards 

a low-carbon society and through user cases with respect to how these different pathways influence technology 

design and business opportunities. Interest organizations (Energi Norge, Norwep, Norsk lastebileierforening) 

will increase their capability to provide strategic advice. Service providers, and infrastructure and building 

owners (Gassco, Ruter, AtB, Jernbanedirektoratet, Vegdirektoratet, Statsbygg) will benefit from increased 

insights into new business models, new technologies and their effect on load, future technologies, and the roles 
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of infrastructure and services. Central companies in digitalization (Nodes, Becour, eSmart Systems, Powel) 

will be catalysts in new market design, market places, and products. Their participation in NTRANS will create 

opportunities to make Norway a leader in the knowledge and commercialization of dynamic market structures 

and new products such as flexibility services, origination certificates based on ledger technologies, and smart 

charging contracts. This will affect energy services, smart neighbourhoods, smart grids, transport, and flexible 

industry. For all above-mentioned actor groups, NTRANS will improve the capacity for strategic thinking with 

respect to including citizens and other stakeholders in decision-making, in providing services, processes, and 

products that are more socially acceptable, and in thinking reflexively about their own roles in contemporary 

and future society.  

Lastly, NTRANS will be important for structuring national research by focusing on research challenges 

that cut across established FME centres and related initiatives, that typically address single sectors (industry, 

transport, smart and energy efficient neighbourhoods, hydropower) and technologies (CCS, batteries, 

hydrogen, biofuels, solar PV|, smart distribution grids). NTRANS builds national competence by using and 

synthesizing insights from other centres: (1) through social scientific studies, (2) by integrating knowledge 

from a number of other research areas and disciplines, and (3) by engaging in joint multidisciplinary activities 

with the technology centres. To conduct NTRANS user cases, we have ensured intentions and agreements with 

six technology-related FMEs to establish joint activities to solve challenges identified with user partners.  

Part 2: Scientific content and organization of research activities  

4. Knowledge frontiers  

NTRANS builds on three central perspectives that complement each other as they focus on different aspects 

of the transition – the sociotechnical perspective, a techno-economic perspective, and an environmental 

sustainability perspective – all of which needed to achieve a holistic approach to studying sustainability 

transitions that hitherto have not been accomplished.  

Sociotechnical energy transitions research builds on disciplines such as evolutionary economics, 

innovation studies, sociology, science & technology studies (STS), psychology, geography, political science, 

law, and planning, to analyse how societal sectors, systems, and technologies co-evolve.ix This broad research 

strand focuses on technology–society relations from a microscale (e.g. technology use) to macroscale (e.g. 

transformations of the global automobile regime). The perspective is appropriate for studying ongoing deep 

decarbonization processes, as it: (1) captures the co-evolution of the multiple dimensions of energy system 

change (e.g. technology, markets, politics, and societal trends) and (2) the contextualized nature of change in 

technology and institutions during periods of uncertainty.x To date, research has mainly focused on conditions 

for the success of single (niche) technologies, as they challenge a single-sector or incumbent technology.xi 

NTRANS will extend this by studying the interplay between technologies, actors, industries, and societal 

domains across sectors,xii to grasp the dynamics of widening, deepening, and accelerating transitions.  

Transitions involve redistributing resources and opportunities. They also demand altering deep everyday 

routines and cultural practices, and therefore controversy over the character of transitions is common. This 

gives rise to contestations and policy struggles.xiii NTRANS will contribute to the research frontier by studying 

the facilitation of inclusive and fair civic transition engagement,xiv and the development of energy citizenship 

and communities.xv Further, we will probe how drivers of lifestyle changes (e.g. factors such as intentions, 

attitudes, norms) feed into behaviour and social acceptance of and demand for low carbon solutions.xvi  

Transitions have historically unfolded over three phases: start-up, acceleration, and stabilization.xvii 

Transferring radical energy innovations from research to market usually takes decades. There have been 

relatively few studies of the acceleration phase characterized by accumulating and eventually self-sustaining 

technological and practical momentum (e.g. by achieving cost-competitiveness with incumbent technology, 

attracting resources, adopters, institutional alignment, strong actor networks, and political influencexviii). 

Research on accelerated transition calls for focus on the market deployment of existing technologies (e.g. 

CCS hydrogen, biofuels and offshore wind) and asks which policies can incentivize innovators while creating 

‘follower markets’,xix thereby accelerating technology diffusion? NTRANS builds on these insights to 

accelerate economy-wide transition processes across multiple sectors and technologies, including competing 

novel and incumbent sociotechnical systems.xx  

Another identified research gap is understanding upstream industrial dynamics in value chains that supply, 

for example, renewable energy production technologies, electrical vehicles, and smart city infrastructure.xxi 

Further, emphasis on the value creation and economic growth in transitions and their internal compatibility is 

limited.xxii NTRANS will focus on the effects of aligning transition and economic objectives (e.g. job creation 

and growth) by asking how resources in the business sector can be mobilized to create political legitimacy for 

transition policies across sectors.xxiii This is important in petroleum economies such as Norway, as global 

transitions can reduce the value of key assets. This underscores the need for thinking about industrial 

diversification in tandem with global and national energy transitions. 
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The contestation of transitions, the uncertainty about technology and policy, the ‘unpriced’ nature of 

climate change, and the need to meet the ‘climate deadline’ all challenge current forms of policymaking. 

Policymakers must develop new tools (e.g. mission-oriented policies or anticipatory governance) that help set 

direction, manage complex coordination, and mobilize citizens and civic sectors in new ways.xxiv This is a 

difficult challenge, and NTRANS explores how the public sector manages expectations, negotiation, and 

governing efforts across policy areas and stakeholder groupsxxv to build knowledge about how to overcome it. 

Broad social inclusion is a possible method for mobilizing civic actors who have so far not been involved. 

These issues require (1) complex policy coordination across scales, technologies, and social groups, and (2) 

multisectoral coordination involving alignments and realignments of actors, institutions, and technologies.  

Techno-economic research often applies model-based quantitative assessment involving economic and 

technological characteristic of a system. Assessing energy transition requires several approaches (e.g. energy 

and power system analysis, analysis of energy markets development and impacts on non-energy sectors) and 

applying cross-disciplinary analyses and model couplings.xxvi Energy system models provide support for policy 

and decision-makers who are considering the development of the energy system towards 2030 and 2050, 

including the effects of deep decarbonization of several economic sectors. Models such as TIMESxxvii cover 

the whole energy system, including end-use sectors such as buildings, transport, and industry. Additionally, 

they capture the interaction of energy supply, distribution, and demand, and consider both investment and 

operational decisions. Power market models are used to analyse how Norwegian energy resources could 

facilitate the transition to a low-carbon society in Europe.xxviii However, there is an increasing recognition that 

real investments are not in line with model results. National governments and stakeholders do not cooperate 

to create the most efficient system at the European scale but maximize individual profit or national welfare. 

NTRANS will study this discrepancy and the implications for market design by applying energy system 

equilibrium models such as Multimodxxix and by integrated modelling frameworks coupling several models.  

One challenge in energy system and sector models is short-term dynamics and uncertainty, due to the 

intermittency of renewable production and stochastic variations in demand. This is accounted for in EMPIRE, 

a model representing the European power market with long-term dynamics for investments towards 2050.xxx 

A stochastic version of TIMES was used to analyse investment strategies and future transition pathways of the 

Norwegian and Scandinavian energy system.xxxi Still, simultaneously, a major challenge is to address long-

term uncertainty in order to be able to analyse robust transition pathways. The multihorizon frameworkxxxii is 

tailored to combine analyses of short-term and long-term uncertainty and will be applied in NTRANS.  

EU Energy Directives have set a framework for a future energy market in Norway.xxxiii Key features for 

integrating renewables in a liberalized European market are faster and larger markets, smaller products, and 

efficient pricing. Analyses performed with the power market simulator EMPS have anticipated a great need 

for storage by 2050xxxiv and pointed to the value of Norwegian hydropower as a ‘green battery’ for Europe,xxxv 

concluding that model advances are needed for markets for flexibility and the role of consumers, both which 

will be central topics in NTRANS. 

Decreasing profit margins for generation assets,xxxvi due to renewables with low marginal costs, requires 

other revenue sources for investments. Capacity mechanisms have been discussed for security of supply,xxxvii 

including a potential conflict between national interests and the internal market.xxxviii However, cross-border 

participation will improve the efficiency of the mechanisms,xxxix and in this regard NTRANS will assess the 

potential for Norwegian actors. Some scholars conclude that delivering flexibility in the short term is 

incentivized in current markets, but not does not providing more flexibility in the long term.xl The PriBas 

project assesses how flexibility products and market design affect system operation and costs, while the 

ASSETS project addresses the value of Norwegian flexibility within low carbon systems, including storage 

and new markets. NTRANS will apply the methods for formulating recommendations on flexibility markets. 

Additionally, energy markets and economic models play a role in analyses of transition acceleration by 

suggesting how support instruments, taxes, and regulations will affect the early introduction of technologies. 

In recent years, feed-in tariffs, feed-in premiums, and tradable green certificates have been increasingly used 

in various hybrid policies.xli An example of the combination of a tax and a subsidy in a certificate scheme is 

presented by Helgesen & Tomasgard.xlii These methods will be developed further in NTRANS to study how 

deep decarbonization can be accelerated. 

Environmental sustainability research: In recent decades, IAMs have become the prominent framework 

for identifying different transition pathways for the mitigation of climate change globally. Around 12–15 well-

established models exist in operation today, including MESSAGE-GLOBIOM,xliii GCAM,xliv and ETSAP-

TIAM.xlv They vary in their level of detail across different sectors and regions and to what degree and 

complexity economic, climate, and land systems are modelled. They are generally acknowledged as our best 

tools for completing the tremendous puzzle of how to mitigate climate change and meet our long-term 2-degree 

objective. Their shortcomings are analogously understood, in that there is a plethora of pieces to the puzzle 
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across and within regions and sectors that need to come together by the end of the century. One model cannot 

solve and rule all lands and all sectors in full detail. 

Life Cycle Assessment (LCA) is well established as the key framework for assessment of individual 

mitigation potentials associated with different technologies across sectors. Examples include analysis of 

electric vs. conventional vehiclesxlvi and power generation with and without CCS.xlvii The sectoral chapters of 

the IPCC reports have to a large degree utilized LCA literature to elaborate the mitigation potential of detailed 

options (e.g. various types of power generation technologies and types of biofuels). The challenge has been to 

reconcile outcomes from the global models with the more detailed LCA studies. NTNU has developed LCA-

based scenario methods to close this gap,xlviii and these methods have been applied in studies for the 

International Resource Panel. Developments to further bridge the gap include better interfaces between LCA-

based methods and Integrated Assessment Models (IAMs),xlix as well as dynamic input–output analysis 

compatible with outcomes of IAMs.l 

NTRANS will therefore use sector-specific and region-specific models to explore different options in 

more detail, and combine LCA and IAM to yield output with a broad set of environmental indicators beyond 

climate change, allowing for an assessment of the broader environmental sustainability of potential transition 

pathways in the pursuit of objectives across the sustainable development goals. Enhancing the representation 

of Norway in selected IAMs will allow for assessments exploring the option space for transformation pathways 

in Norway that follow the socio-economic pathways (SSPs). A first layout is provided by the scenario 

development in CenSES, partly based on SSPs.li Combining SSPs with LCA-enhanced environmental input–

output models to understand better the environmental characteristics across technologies and sectors will push 

the research frontier. NTRANS aims to improve the representation of Norway, investigating the possibilities 

to link models more closely as part of our pathways studies, and to assess potential energy system transition 

pathways and their effect on policies and markets. 

Integration of sociotechnical, techno-economic, and environmental sustainability: The three perspectives 

employed in NTRANS emphasize different but related issues and offer NTRANS excellent opportunities to 

investigate different dimensions of sustainability transitions in interrelations, giving way to an inclusive and 

holistic (whole systems) approach. Since model-based analysis of transition pathways often requires 

simplification of reality (e.g. little room for appreciation of actor strategies, non-linear innovation processes, 

market formation, politics, and other highly contextual factors),lii the approach has been criticized for its 

inability to inform about how to realize a pathway (i.e. how to mobilize actors and enhance the political 

feasibility of a contested pathway (ibid). Due to insensitivity to context in a rapidly changing landscape, energy 

system models often underestimate the pace of technological progress, fast-growing niche markets, and non-

linear learning curves.liii Consequently, leading scholars are calling for research that bridges insights from 

energy system modelling and ‘sociotechnical’ analyses to provide a fuller picture of ongoing dynamics, 

challenges, opportunities, and future pathways.liv The integration of techno-economic and environmental 

sustainability (modelling) approaches with sociotechnical (process oriented) approaches in NTRANS will 

cater for this need. We suggest that while the techno-economic and environmental sustainability perspectives 

can provide assessments of the long-term sustainability and economic feasibility of different pathways to deep 

decarbonization, the sociotechnical perspective can provide short-term to medium-term insights about the 

technological and political feasibility of the pathways. Combined technological and political feasibility can 

generate insights into why and how to realize selected pathways in the short term. Thus, NTRANS aims to 

establish a bridge between sustainability transition studies including elements from political science and 

economic sociology and the community of researchers in economic energy system analysis and IAM analysis, 

to advance our common understanding of challenges and opportunities in research, methods, and policy. 

5. Research tasks and scientific methods  

NTRANS’ whole systems approach enables us to zoom in on and probe a range of sector-specific or system-

specific research questions, while also zooming out to address overall cross-sectoral developments. This in 

turn allows us to address intended and unintended consequences of policy, practices and behaviour, innovation, 

and market developments. The process of establishing the NTRANS consortium and research scope comprised 

an elaborate iterative process whereby NTRANS user partners from the private and public sector together with 

our interdisciplinary research team defined key research challenges and key application areas. The result is the 

NTRANS Research Key, depicted below. The outer green circle consists of identified application areas on 

which our research will focus, and the inner circle contains key identified enablers of change. Five NTRANS 

research areas are depicted on the right side of the figure and the three scholarly perspective pillars cross 

through RA1–RA4. RA5 is developed in close collaboration with user partners, as a means both to strengthen 

their integration in the centre’s research activities and to advance interdisciplinary work in the centre. The key 

focus of NTRANS is to understand and develop energy transition strategies, and to provide a knowledge base 

on how we achieve rapid and deep decarbonization in a society. 
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5.1 Research methods 

The NTRANS consortium will 

mobilize an innovative mix of 

research methods suited to capture 

both the specificity of issues to be 

zoomed in on and the complexity 

involved in whole systems change. 

This includes classic qualitative 

methods such as comparative case 

studies, policy analysis, and 

interviews and focus group 

discussions with citizens. Further, 

we will conduct quantitative surveys to probe both the broader population and relevant firms. Different aspects 

of the transition will be modelled through energy system models for Norway and Europe, economic models 

and climate models, and agent-based modelling. Beyond this, NTRANS will engage in methods development 

(e.g. with respect to transition stakeholder engagement and involvement), which will be key to the success of 

RA5. RA1–RA3 will provide rich empirical and conceptual understandings of the unfolding transition. These 

insights will be mobilized in RA4, in the development of a set of pathways, to be explored from multiple 

scholarly perspectives and by qualitative and quantitative methods to ensure triangulated and robust scenarios.  

5.2 RA1 Deep decarbonization and wide societal changes 

Deep decarbonization is a cross-sectoral, society-wide transition, involving changing the logics of production, 

distribution, and consumption of electricity, mobility, and other goods and services across scales, spaces, and 

markets. RA1 aims to: (1) Produce tools and knowledge to ensure just, inclusive, and democratic action 

towards deep decarbonization, (2) Provide knowledge of key controversies and trade-offs, and thereby improve 

conditions for multilevel and multisectoral policy production for deep decarbonization, (3) Deliver 

recommendations on how experimental governance through pilot and demonstration projects might be scaled 

up by situating technical research in a social context, and (4) providing knowledge that can be translated into 

practical tools for cross-sectoral policy recommendations. The methods used will be qualitative, quantitative, 

and agent-based modelling analysis, producing empirical and theoretical understanding of human–technology 

interaction, deep decarbonization and challenges across scales. 

Key research questions are: Who are the key system builders working to achieve deep decarbonization? 

How can citizens be engaged as promoters of sustainable transition activities? Which are the key sites of 

controversy in deep decarbonization, and what are the implications for policy design and coordination across 

sectors, scales, and policy domains? How can innovation activities and pilots spanning sectors such as 

transport, industry, energy efficiency, and smart grids be embedded in society in ways that promote deep 

decarbonization? RA1 recognizes that transition politics involves more than governmental policy. We will 

therefore work to unpack the ‘micropolitics’ of transitions, including the role of local governments.  

The work across RA1 will provide a deep understanding of societal processes across sectors and scale, 

which is essential for producing robust pathways in RA4. RA1 is closely related to debates about how to 

accelerate transitions (RA2), and provides important cues for how to design markets that benefit society (RA3).  

RA1 will educate 4 PhD students, produce a minimum of 15 papers, host 5 workshops, and produce a 

landmark edited volume or special issue of a top academic journal during the first three years of NTRANS. 

WP 1.1: The role of citizens, public engagement, and culture in deep decarbonization. The WP will use 

qualitative and quantitative methods including agent-based modelling to explore transition processes related 

to grass-roots innovation, democratic engagement, energy citizenship, social justice, cultures/subcultures, 

lifestyle, technology use, social acceptance, mobility practices, and dynamics of energy demand, including a 

focus on new forms of market participation. The WP has an explicit focus on the role and agency of non-

traditional actors in transitions, including the roles of technology users, (e.g. in smart grids – 

flexibility/prosumerism – within public transport, new modes of mobility, and zero emission neighbourhoods 

in shaping transition processes). We give special attention to marginalized groups. The WP aims to 

conceptualize or operationalize ‘inclusive forms of transition’ and develop methods for public engagement and 

democratic inclusion. Links to user cases ‘building future society’ and ‘radical transition of transport’. 

WP 1.2: Controversies, conflicting visions, and value trade-offs. The WP will probe key sites of controversy 

in the unfolding energy transition to improve conditions for cross-sectoral, multilevel policy design, and 

coordination. This includes a focus on land use conflicts and synergies/trade-offs within sustainable 

development goals (e.g. SDG 16 on justice vs. SDG 13 on climate) and between sustainable development goals 

and other goals (e.g. value creation) across sectors such as energy production, industry, and infrastructure 

development. This entails a focus on the role of incumbent actors and societal power relations, and exploring 
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other goals (e.g. growth/de-growth and sufficiency). WP 1.2 also focuses on the processes of policy production 

and has a specific focus on the ‘micropolitics’ that may or may not lead to sustainability transitions, including 

the role of gender (e.g. in the energy industry). It also targets the cross-sectoral non-energy fields that 

contribute to energy demand, in order to study the invisible energy politics and the potential to mainstream 

energy demand reduction objectives within other policy areas. Links to user cases on ‘building the future 

society’ and ‘radical transition of transport’. 

WP 1.3: Governance through research, pilots and experimentation. The WP will probe key NTRANS 

application areas (e.g. industry, smart cities, transport, digitalization, energy production) by working to 

understand and promote societal embedding of pilot and demonstration projects, and experiments. Are they 

aligned to push transformation in similar directions, linking different application areas and how can we reap 

the benefits of an ‘experimental society’ for sustainability transitions? An important resource for this work 

will be studies of the social, political, and organizational work related to pilot projects organized through 

technology FMEs supported by environmental sustainability assessments such as LCA. By focusing on social 

learning, the building of networks, and the articulation of visions and expectations, we will increase the 

understanding of success/failure potential for cross-FME work and the potential for scale-up (e.g. through 

accumulation, replication, growing, and transformation). Other examples are urban governance linking 

transport, built environment, energy, and digitalization via smart cities and sociotechnical trials linking 

electricity production to transport and built environment (e.g. through V2G, new battery technology, and 

hydrogen value chains). Links to user cases on ‘building future society’ and ‘radical transition of transport’. 

5.3 RA2 Accelerating the transition  

RA2 aims to provide new knowledge on how to achieve radical climate mitigation goals by accelerating the 

energy transition through studies of: (1) how to alter the rate and direction of innovation activities, (2) how 

knowledge and financial resources can be mobilized at scale, and (3) which types of policy design and policy 

coordination arrangements across sectors, scales, and policy domains can accelerate the energy transition. We 

apply both quantitative and qualitative research methods, including literature reviews, descriptive statistics, 

and interviews, and make case studies of actors, technologies, and policies.  

RA2 poses the following research questions: What are the main driving and hampering factors for the pace 

of energy transitions? Do some types of innovations improve and diffuse faster than others? Which actors drive 

or hinder acceleration? Which market and regulatory designs can mobilize financial and knowledge resources 

to accelerate the transition? Which policy design and instrument mix is needed to accelerate energy transitions?  

RA2 builds on the perspectives from RA1 and will give important input to RA3 and RA4. RA2 will also 

be involved in several user cases in RA5. UC3-UC6 all provide opportunities to study development and 

deployment of different technologies and to analyze interplay between public, private and civic actors across 

transport, industry, and energy sectors. 

RA2 will educate 3 PhD students and 1 post.doc, produce a minimum of 12 papers, host 3 workshops, 

organize a special session at a relevant conference, and will aim to produce a special issue of a top academic 

journal during the first three years of NTRANS. RA2 contains the following three work packages. 

WP 2.1: The rate of innovation. The WP will analyse experiences with accelerating the development and 

diffusion of technical and social low-carbon innovations. We will study the temporal aspects of 

commercialization of new technologies, diffusion of existing technologies (e.g. hydrogen and CCS), and 

policies balancing innovation incentives and creating markets, including changes in user practices. We will 

explore under which conditions innovations develop and diffuse rapidly, and whether and how inherent 

properties of innovations matter (e.g. social vs. technical innovations, complex vs. modular innovations, 

compatibility with existing infrastructure). The WP will also study the links between transitions and ICTs, 

asking whether and how these technologies and their associated new business models can accelerate energy 

transitions and shifts in practice nexuses (e.g. through service and sharing economy logics). We will focus on 

innovations that support cross-sectoral synergies (e.g. full electrification) in Norway, but also sample empirical 

material more broadly.  

WP 2.2. Resource mobilization. The WP will study under which conditions different actor types are 

incentivized to participate actively in the energy transition. The uncertainty associated with the pending 

transition often hinders the contributions of firms and investors. We will investigate how can it be reduced to 

mobilize resources. We will explore how it is possible to align transition and economic goals in order to 

legitimize transition policies and mobilize the business sector. Additionally, we ask: How can the cost of 

climate change be internalized to investment decisions and auditing to facilitate cross-sector synergies between 

the energy and finance? Further, we ask how competences and resources underpinning extant industries can 

be retrofitted and redeployed at scale in low-carbon activities to provide industrial diversification while 

decarbonizing, for example, cross-industry competence flows from petroleum to floating wind power (cf. 

UC5). Next to firms, we consider the role of different user types. For acceleration, particularly user-

intermediaries that facilitate the embedding of new solutions and the mobilization of citizens that can 
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delegitimize dominant unsustainable practices are important. Central issues are what shapes the legitimacy of 

an energy transition for different actor types, coordination of energy and industrial policy domains, and 

alignment of cross-sector institutions and regulations.  

WP 2.3 Policy design and coordination. The WP will study how policy may accelerate transitions by 

overcoming ‘transition failures’, with reference to policy directionality, policy learning and experimentation, 

inclusive policy design, and policy coordination. We will ask how policymakers can instigate a particular 

direction of change across multiple sectors amidst political contestation, including facilitating phase-out of 

environmentally unsustainable activities. Also, how to ensure agreement on what constitute acceptable 

environmental characteristics Is the formulation of innovation missions a sufficient way of reducing 

uncertainty and setting direction? How can selective interventions be balanced with maintaining variety and 

experimentation (e.g. how to avoid premature lock-in of key technologies amidst urgency)? We ask how to 

cope with coordination challenges for policy instruments across different policy domains (e.g. research, 

energy, transport, environment), geographical scales, public–private civic spheres, and key sectors such as 

energy, transport, and industry. Are new, more socially inclusive and diverse models for policymaking the 

answer? Past and ongoing attempts at overcoming such challenges will be subject to policy analysis with 

particular attention to mission-oriented policies for grand challenges as well as assessments of public sector 

capacity for managing such demanding processes. Relevant examples include NRC’s Pilot-E initiative, 

“Mission Innovation”, and public innovation procurement in green maritime (cf. UC3).   

5.4 RA3 The future energy market 

A well-functioning energy market will be necessary to achieve a low-carbon and sustainable future. The energy 

market must adjust to the changes of the energy system to be efficient, including a higher degree of integration 

of the electricity sector with the transport and building sector, and the evolvement of local and decentralized 

solutions. RA3 will assess future European market design and the integration of markets for energy and 

flexibility, evaluating Norwegian interest and how the value of energy resources can be exploited. The research 

area will contribute the following: (1) The development and integration of models in response to the coupling 

of different energy carriers and to assess the affects of future market design; (2) Interdisciplinary analyses and 

publications on the development and framework of future market design and the potential for Norwegian 

stakeholders; (3) Policy recommendations for market design and incentives to achieve the ambitious climate 

targets; (4) Knowledge of design processes, impacts of market design on industry, society, and the 

environment, and the optimal design in a social welfare perspective. 

The key research questions are: How should the energy markets and the energy system be designed to 

support the interaction between energy carriers such as heat and electricity, and interaction with other sectors 

in the economy such as carbon/energy-intensive industries and the transport sector? How will digitalization 

and active consumers affect the markets and their design? What are the affects on local, national, and cross-

border markets for energy, capacity, and flexibility? Under which conditions can extensive Norwegian energy 

resources be exploited? How can a market support joint infrastructure for CCS between industry, heat, and the 

power sector? How will market and sector integration affect ownership, control, and value sharing? How do 

different market designs and options contribute to sustainable, environmentally friendly solutions? 

RA3 will assess the design and impacts of future energy markets, related to technical feasibility in RA1 and 

the acceleration required in RA2, as well as providing inputs to the pathways in RA4. The research area will 

educate 5 PhDs, produce a minimum 14 papers, host 5 workshops during the first three years of NTRANS. 

WP 3.1: Market design and integration. The WP will assess the EU target model and how market integration 

and regulation will affect the ownership, control, and distribution of profits from transmission and generation 

infrastructure. We will study the politics of market design processes in Norway and the EU, identifying which 

actors and coalitions support which market designs and how stakeholders work strategically to enact their 

preferred market design. Intermittent renewables challenge the traditional way of clearing energy markets 

based on short-term marginal costs, hence market principles other than marginal cost-based pricing will be 

assessed, leading to new products and services in cooperation with RA1. The effect of capacity mechanisms 

will be assessed, including how Norwegian stakeholders can participate in them. The WP will provide a 

framework for future market development, which will serve as input to the development of pathways in RA4. 

Moreover, a better understanding of design process in cooperation with RA2 could provide policy 

recommendations to accelerate the transition.  

WP 3.2: The consumer in the centre of energy systems. A main objective of the EU’s winter package is 

strengthening the consumer side. We will assess the impact of active consumers in local energy systems in 

Norway, focusing on smart neighbourhoods with new local forms of market design and products such as peer-

to-peer and contract verification through blockchain technology in cooperation with RA1. The interplay of 

consumer-centric energy systems with Norwegian energy resources will be investigated and how local markets 

will interact with cross-border trade in terms of energy, capacity and flexibility. The studies will contribute to 

more efficient use of resources and the implementation of new technologies and products based on 
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digitalization, leading to increased reliability of the energy system with local solutions. The WP will closely 

interact with the user case ‘Building the future society’. 

WP 3.3: Value creation from Norwegian energy resources. The efficient harvesting of renewable energy 

resources in Norway will contribute to emission reduction in Europe and to value creation in Norway. For 

hydropower, the market framework, which is needed to value its flexibility, will be identified, while conditions 

will be studied under which offshore wind resources will be competitive in the European market; both focus 

on how Norwegian stakeholders can participate in the most valuable foreign markets or how resources can be 

exploited in the domestic market for national value creation with a comparison of the emission footprint of the 

existing oil and gas sector. One main topic will be the ongoing coupling of the energy with other economic 

sectors and demand for and provision of flexibility in the process industry as well as market framework 

conditions to develop CCS infrastructure and services jointly. Together with RA1 and RA2, the studies will 

recommend how to create value based on domestic energy resources and technologies, thereby providing input 

to RA4. Interaction will be with user cases ‘Green industry’, ‘The role of CCS’, and ‘Offshore wind’. 

5.5 RA4 Transition pathways  

In RA4, analysis of the different transition pathways towards a low-carbon society will be carried out, with a 

special focus on the development in Norway, and how Norway will interact with Europe in different transition 

pathways. The research in RA4 will (1) generate knowledge on the processual opportunities and challenges 

for policymakers, industry actors, and other stakeholders who work to advance the transition under different 

social and political conditions, and (2) improve frameworks for the assessment of different transition pathways 

and increased understanding of transition as phenomenon. The methods used will include the multidisciplinary 

approach described in Chapter 4, in the interface between the sociotechnical, techno-economic, and 

environmental sustainability perspectives.  

The research questions are: How can we establish a bridge between sustainability transition studies 

including elements from political science, innovation studies, science and technology studies, and techno-

economic energy system analysis, to advance our common understanding of transition policy? How can this 

provide insights into how Norway can best implement the transition to a low-carbon society? Which are the 

cost-efficient transition pathways for Norway, and what are the environmental, political, and social feasibilities 

of these transition pathways? What are the environmental and welfare effects? Are there any robust actions in 

the transition to handle and reduce uncertainty? 

RA4 will draw on research from RAs 1–3 and combine the different perspectives to characterize pathways 

for the energy transition in Norway and the EU as well as globally. Planning for the low-carbon energy 

transition is characterized by a high degree of uncertainty across many sectors and knowledge domains, and 

RA4 will collaborate closely with a high number of actors and interests involved in decision-making.  

RA4 will educate 3 PhD students and one post.doc, produce 12 papers, arrange 4 workshops during the 

first three years of NTRANS. We will also have performed the first transition pathways analysis, with multi-

disciplinary perspectives. 

WP 4.1: Techno-economic and environmental models and methods. The project will use a number of 

quantitative models for the combined assessment of climate and techno-economic aspects of different 

pathways. These models will cover different geographical, sectoral, and temporal scopes. The research will 

include important aspects of long-term uncertainty related to future energy and climate policy, technology 

breakthroughs, and economic development, as well as improved modelling of short-term uncertainty related 

to intermittent renewable energy production, energy demand, and demand response. In particular, the global 

integrated assessment models MESSAGE-GLOBIOM and TIMES-TIAM will be adapted to enhance the 

regional representation of Norway. This will serve as a backbone ensuring consistency of the Norwegian 

transition scenarios within the shared socioeconomic pathways (SSPs). A key research task will be the 

development of Interfaces and soft linking from the IAMs as well as between the different models providing 

higher resolution on technology, economic and environmental aspects. These include the TIMES-Norway 

model for the energy system, EMPS and EMPIRE for the power system, REMES for the economic impact, 

and dynamic environmentally extended input–output models combined with LCA for environmental impacts. 

WP 4.2: Sociotechnical analysis. We will conduct qualitative analysis of potential sociotechnical transition 

pathways, which refers to a semi-coherent pattern of major changes in the configuration of sociotechnical 

systems (e.g. the energy sector). The approach recognizes that transitions unfold differently under different 

circumstances and works to avoid simplification of reality to appreciate actor strategies, non-linear innovation 

processes, market formation, public behaviour, cultural influences, politics, and other key elements. Hence, 

we focus on how to realize a pathway (i.e. how to mobilize actors, articulate hopeful visions, advance learning, 

and enhance political feasibility of a contested pathway (e.g. through practices of reflexive or anticipatory 

governance, which includes emphasizing social justice aspects of selected pathways). Hence, we will provide 

a fuller picture of ongoing dynamics, challenges, opportunities, and future pathways, with the goal of providing 

short-term to medium-term insights into the sociocultural, technological, and political feasibility of pathways.  
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WP 4.3: Stakeholder involvement/engagement. We will use active involvement of stakeholders through 

workshops to discuss transition pathways within and across different sectors and societal domains (e.g. energy, 

transport, industry, cities). We will review recent trends and drivers that have been used in previous forward-

looking studies relevant for Norway and Europe, including both quantitative and qualitative information and 

data. The trends and drivers will be systematized, and relevant determinants will be mapped to provide a 

knowledge base on trends and drivers. Links between determinants will be identified and used to provide 

hypotheses for the stakeholder workshops during which critical determinants of the different pathways will be 

identified and selected in close cooperation with the user partners.  

WP 4.4: Analysis of transition pathways. The techno-economic, environmental, and sociotechnical approaches 

will be combined with input from stakeholders to develop and assess different transition pathways for Norway. 

The integrated assessment models will be applied to generate scenarios consistent with the shared socio-

economic pathways. The regional results will provide input, which the more detailed models can use to explore 

different sectors, technologies, and policies. In combination, the outcomes of these models will provide a 

strong quantitative basis for assessing different transition pathways for Norway, but also serve as a vital and 

critical corrective, probing the realism and feasibility of the pathways, given probable social, behavioural, 

political and cultural developments. Thus, they will shed light on potential strategies that policymakers, public 

sector actors, and industry actors might pursue to advance transition strategies. NTRANS research will include 

how incentives can be used to develop a market that supports the overall political goals. Stakeholder 

perspectives will feed into the analysis by providing essential insights into dynamics in specific sectors.  

5.6 RA5 Case studies, pilots, and transition arenas 

RA5 recognizes that it is possible and necessary to engage with other researchers, industry, citizens, and 

policymakers during the research process and to present and discuss the existing knowledge basis and 

preliminary results of our research. The purpose of RA5 is to (1) plan and perform around 10 user cases 

during the lifetime of NTRANS, (2) facilitate syntheses of the research both in the 4 other RAs and in the 

user cases, (3) ensure user involvement in the research, and (4) facilitate innovation activities related to 

the research in NTRANS. Experiences from FME CenSES show that creating opportunities for 

cooperation between researchers and user partners is essential for knowledge transfer in both directions 

and for creating new knowledge. In this cooperation, there is also innovative potential with user cases 

serving as innovation hubs for co-creation between researchers and stakeholders from firms, service 

providers, municipalities, counties, government, funding agencies, and more.  

The user cases integrate knowledge from RAs1–4. We describe deliverables for RA5 in the WPs. 

This RA will be closely linked to NTRANS disseminations activities, as described in Chapter 7. 
WP 5.1: User cases and pilots. 6 user cases will start in year 1 (see descriptions below based on the initial 

work with the partners). These will be 1–2 year joint projects defined by researchers and user partners, some 

in close cooperation with technological FMEs. User cases are inclusive, practice-based, and challenge-led 

initiatives, which promote social learning also under conditions of uncertainty (i.e. in the form of social and 

technical experiments). Some of these initiatives will include physical installations or sites, or ‘pilots’. Existing 

user cases will be assessed, and new ones suggested in the annual NTRANS meeting with all stakeholders and 

approved by the board. All user cases will start with a plan and design phase in which the stakeholders and 

researchers involved will concretize the time plan and align expectations. Thereafter, there will be a phase of 

1–2 years with active cooperation. Intermediate deliverables will be agreed in terms of research sprints of 6 

months duration, leading to a seminar in which a 3–4 page policy brief or short paper will be presented, 

summarizing the insights from the cooperation and the research. The final product will be a 15–20 page 

position paper with the recommendations and results aligned to the stakeholders’ needs.  

WP 5.2: Research syntheses and policy briefs. A core idea of NTRANS is that it is possible and beneficial to 

produce research syntheses and policy briefs that draw upon the four research areas. These will be published 

in high-level scientific journals specializing in short format contributions such as renewable and sustainable 

energy reviews, energy strategy reviews, nature sustainability, or similar. Moreover, there is a need to publish 

policy briefs directly relevant for policymakers. These can be presented at stakeholder events in which 

discussion and panels play a major role. Deliverables: Produce 2 papers during the first three years, and 4 

papers in peer-reviewed journals over the project period, as well as 3–4 policy briefs and events annually.  

WP 5.3: FME Innovation forum. We will discuss the possibility to establish other arenas to facilitate 

innovation, such as an FME innovation forum in cooperation with the FMEs initiated by NTNU and SINTEF 

management. If this is agreed, FME NTRANS will have a role. The forum will focus on collaboration, co-

creation, and knowledge sharing among FMEs, aiming to trigger innovations from energy research. 

Alternatively, we will further develop the existing cooperation on innovation with the technology FMEs: ZEN, 

CINELDI, MOZEES, HydroCEN, NCCS, and HighEFF. 

The user cases (UCs) to be started up in year 1: 
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UC1: Building the future society. Purpose: Study the interplay between buildings/the built environment, 

local systems for transport, heat, and power, including decentralized systems (distributed energy) and their 

interplay with the overlying systems (national/international), both in terms of short-term allocation (demand 

peak management, security of supply) and in the long term (investments). Main questions: How will regulation 

affect local systems and what will induce new business models and market places? What role does energy 

provision and usage play in local systems, and how can it reinforce system integration? How can the transition 

be accelerated by national or local/regional policy changes? What system design supports flexible interaction 

between buildings, smart charging, and smart grids? Pilots: Evenstad campus (Statsbygg). User partners: 

BKK, Statsbygg, Oslo kommune, Enova. Cooperating FMEs: CINELDI, Mozees, ZEN. 

UC2: Green industry and renewable power development – an integrated view on energy export and 

local value creation. Purpose: This will study the interaction between energy-intensive industry and the 

energy sector in this transition process. Norway has high potential for building onshore and offshore wind and 

a highly flexible generation mix based on hydropower. Is the optimal utilization cables for export or new 

industry, or a combination of these? Main questions: How will increases in power generation and export 

capacity affect prices? How will import/export patterns be affected? What welfare and distribution effects will 

occur? How will flexibility in industry load interplay with the rest of the system and to what value? How will 

cooperation between industry and renewable energy companies in long-term contracts benefit both parties? 

Will this affect industrial processes in a trade-off between efficiency and flexibility? Pilots: Karmøy 

aluminium (Hydro). Main user partners: Hydro, Statkraft, BKK, Equinor, Gassco, Gassnova. 

UC3: Radical transition of the transport sector. Purpose: It will analyse how the transition towards zero 

emission transport in 2050 and 50% reduction in 2030 can be supported by different strategies and policy. This 

is linked to the energy system with electricity, biofuels, and hydrogen, and through joint developments of 

energy infrastructure for industry, buildings, and transport, hydrogen, CCS, charging infrastructure, filling 

infrastructure, production facilities for energy commodities, and effects of transmission and distribution grids. 

Main questions: What instruments are needed to meet the objective in 2030? How should the 2030 policy be 

shaped as an integrated part of a 2050 policy? What will be the technology mix under different policy 

assumptions? What will be the optimal mix of freight systems (road, rail, air, and maritime) under different 

policies? How might digitalization and modern manufacturing change the loads and how will that affect the 

infrastructure needs? How will this affect emissions in a lifecycle perspective and how would it affect 

investments in the fleet? How can cooperation between public and private actors accelerate the process? What 

types of policy instruments will be accepted or contested by the general public? Infrastructure supporting 

public transport in Oslo (Ruter, Jernbanedirektoratet, Oslo kommune). Florø and Bergen Harbour- maritime, 

road and rail. Main user partners: Trondheim kommune, Bergen kommune, Kinn kommune, Enova, 

Kystverket, Lastebileierforbundet, Jernbanedirektoratet, Vegdirektoratet, counties, and more. 

UC4: The role of CCS – effects on welfare and the transition of society. Purpose: CCS technologies can 

play a role in the decarbonization of sectors such as heat, waste, power, industry, and transport. Most scenario 

studies that recommend strategies for emissions well below 2 degrees (or even 2 degrees) are based on negative 

emissions from 2040 and beyond. Main questions: What are the benefits and drawbacks of CCS? What are the 

barriers to implementation? How can rapid CCS implementation be supported with policy, market design, and 

instruments if early implementation is the objective? What is a reasonable implementation pathway if full-

scale implementation and negative emissions are the objective for 2040 and beyond? 

Pilots: Norwegian CCS value chain (in cooperation with NCCS). Main user partners: Equinor, Gassco, 

Gassnova, Statkraft, Bergen kommune, Oslo kommune, Hydro. Cooperating FME: NCCS. 

UC5: Offshore wind – accelerated implementation and Norwegian value creation. Purpose: To study the 

potential for developing Norwegian offshore wind resources, and how this relates to Norwegian and European 

energy policy and market design. 

Main questions: What are socio-economic welfare effects and distribution effects of such developments under 

different regimes for sharing income, costs, and risks with other countries? How is this affected by different 

policies for national use of energy? How can such development create additional value through technology 

exports? How can a potential development be accelerated by cooperation between industry, research, funding 

agencies, and policymakers? In this perspective, an integrated view of industrial policy, climate policy, and 

energy policy will be studied. How are offshore wind developments and value creation affected by public 

opinion? Pilots: Hywind? Main user partners: Equinor, Statkraft, Enova.  

UC 6: The role of hydrogen in the transition. Purpose: Provide a fact base for the role of hydrogen in the 

European energy system and its interfaces to transport, industry, heat, and transport. Explore the interactions 

between renewables, natural gas, CCS, and hydrogen in the development of the energy system towards 2030 

and 2050 in this perspective. Main questions: What are the main benefits of using hydrogen? What are the 

barriers? How can a potential development be accelerated by cooperation between industry, research, funding 

agencies, and policymakers? In this perspective, an integrated view of industrial policy, climate policy, and 




