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Project rationale

• Part of wider UKERC Phase 3 integrating project on disruption and 
continuity.

• Low carbon transition: discontinuous change is possible in a number of 
areas, from dominant technologies and the scale of the energy system, to 
governance, politics, institutional arrangements and lifestyle changes. 

• As McDowell et al (2014) has shown, events and developments that were 
considered highly unlikely at the time a scenario was constructed, have 
happened. 

• Key drivers behind energy system change can often be unexpected, either 
because they were considered less important at the time energy 
models/scenarios were developed or because they cannot be captured 
through the tools used.



Research questions 

Overarching questions:

• To what extent have energy scenario and modelling exercises tried to 
represent and explore disruptive / discontinuous change in energy systems?

• How have scenario and modelling exercises distinguished between 
disruptive and more incremental change? 

Subsidiary questions: 

• Are particular models, approaches or techniques better suited to exploring 
disruptive change, or incremental change? 

• Is the ability of models and scenarios to handle discontinuity / disruption 
dependent on the way they are structured or the way they are used in 
practice? 



Defining disruption and discontinuity

Definitions in the literature on disruption and discontinuity

 Burt (2007) - distinction between disruptions as temporary disturbances 
which do not cause fundamental change to current state of order, and 
discontinuities which are unpredictable and irregular and do lead to 
fundamental change.

 Drucker (1968) refers to discontinuities as the ‘shapers of tomorrow’s society 
… the unsuspected and apparently insignificant [that] derail the massive and 
seemingly invincible trends of today’. 

 Ayres (2000) describes discontinuities as having a high, irreversible impact 
and high rate of change, depending on the timescale over which each 
discontinuity is perceived.
• E.g. world wars, stock market crashes, oil crises, and rapid development of ICT. 

Project definition of disruption and continuity: 

 Disruptive change consistent with a significant variation from current trends; 
continuity-based change supports continuation of existing trends. 



Disruption and continuity framework for 
energy system change
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Research approach: UKERC

Technology and Policy Assessment

• A core function of the UK Energy Research Centre since 
2004

• Provides independent, policy-relevant assessments 
addressing key issues and controversies in energy

• Develops accessible, credible and authoritative reports 
relevant to policymakers, other stakeholders and wider 
public debate

• Approach based on a systematic search and appraisal of the 
evidence base, synthesis, and expert input and peer review



Research approach: the TPA process



Research method: the TPA process



Progress to date

• Project scoping note drafted and published on the UKERC TPA web pages

• Five expert group members invited and confirmed 

• Stage 1: review of reviews on energy systems models and scenarios

• 1250 abstracts reviewed in google scholar (last ten years) and 420 reviewed in google

• 350 relevant documents: 137 assigned relevance rating 1, 186 relevance rating 2

• Initial qualitative findings from the most relevant documents captured

• Typologies and categories of energy systems models / energy scenarios

• Stage 2: review of discontinuity and disruption in energy models and 
scenarios (ongoing)

• 450 abstracts reviewed in google scholar (last ten years) and google
• 111 relevant documents: 32 assigned relevance rating 1 and 50 relevance rating 2 
• Provisional analysis of different categories of disruption in energy models and scenarios



Stage 1: review of reviews on energy system 
models and scenarios

Broad category Tool Review / meta-analysis terms

energy model review

“energy systems model” “systematic review”

"energy systems analysis" “evidence review”

"integrated assessment model" systematic

"energy-economy model" evidence

scenario meta-analysis

“energy scenario” compare

projection evaluate

futures analyse

transition pathway assess

explore

appraise

Databases: 1. Google scholar - includes wide range of journal paper databases such as Science Direct, 
Taylor & Francis, Wiley Online and IEEE Explore, conference papers, books and some grey literature.
2. Google – for grey literature.



Stage 1: selected evidence sources

Reviews of energy systems models

Connolly et al. (2010) A review of computer tools for analysing the integration of renewable energy into various energy systems. Applied Energy 87, 
1059-1082.

Despres et al. (2015) Modelling the impacts of variable renewable sources on the power sector: Reconsidering the typology of energy modelling 
tools. Energy 80, 486-495.

Gargiulo & Ó Gallachóir (2013) Long-term energy models: Principles, characteristics, focus, and limitations. Wiley Interdisciplinary Reviews: Energy 
and Environment 2, 158–177.

Hall & Buckley (2016) A review of energy systems models in the UK: Prevalent usage and categorisation. Applied Energy 169, 607-628.

Karjalainen et al. (2014) Energy models and scenarios in the era of climate change. Finland Futures Research Centre, University of Turku, Finland.

Koppelaar et al. (2016) A review of policy analysis purpose and capabilities of electricity system models. Renewable and Sustainable Energy Reviews 
59, 1531-1544.

Pfenninger et al. (2014) Energy systems modeling for twenty-first century energy challenges. Renewable and Sustainable Energy Reviews 33, 74-86.

Pye & Bataille (2016) Improving deep decarbonization modelling capacity for developed and developing country contexts. Climate Policy 16, 27-46.

Reviews of energy / sustainability scenarios

Densing et al. (2016) Meta-analysis of energy scenario studies: Example of electricity scenarios for Switzerland. Energy 109, 998-1015.

McDowall et al. (2014) Reflecting on scenarios. UKERC Working Paper.

Kishita et al. (2016) Research needs and challenges faced in supporting scenario design in sustainability science: a literature review. Sustainability
Science 11, 331–347.

Paltsev (2016) Energy scenarios: the value and limits of scenario analysis. EcoMod2016, No. 9371.

Torrie et al. (2013) Low-carbon energy futures: A review of national scenarios. Trottier Energy Futures Project, Vancouver, Canada.

Tourki et al. (2013) Scenario analysis: a review of methods and applications for engineering and environmental systems. Environment Systems & 
Decisions 33, 3–20.

Trutnevyte et al. (2016) Energy scenario choices: Insights from a retrospective review of UK energy futures. Renewable and Sustainable Energy 
Reviews 55, 326-337.



Stage 1: evidence database

Collection of categories and typologies of energy systems models and scenarios.
Example database shown for energy systems models:



Initial categorisations:
Energy systems models

Analytical approach:

Method:



Initial categorisations: 
Energy scenario types, data and formulation



Stage 2: review of disruption in 
energy models and scenarios

Energy model tools Scenario tools Discontinuity / disruption

“energy systems model” energy disruption

"energy systems analysis" scenario discontinuity

"integrated assessment 
model" 

projection shock

"energy-economy model" futures crisis

optimisation “transition pathway” transformation

equilibrium outlook surprise

simulation roadmap “wild card”

“vision statement” “black swan”

foresight "weak signal"

backcasting megatrends

what if radical

predictive resilience

exploratory

normative



Stage 2 provisional analysis: 
example of initial evidence base

First author Year Scope Geography Timeframe Model type(s) Scenario type(s)

Krey 2014 Meta-analysis Global 2010 - 2100
Integrated assessment / energy-
economy

Baseline / greenhouse gas 
stabilization

Barreto 2003 Single study Global 1990 - 2100
Systems engineering optimization / 
top down macro-economic

Dynamics-as-usual / “hydrogen-
economy” scenario

van Vuuren 2012 Meta-analysis Global 2000 - 2100
Systems engineering optimization / 
integrated assessment 

Conventional worlds / greenhouse 
gas stabilization

Rose 2014 Meta-analysis Global 2010 - 2100
Integrated assessment / energy-
economy

Baseline / greenhouse gas 
stabilization

Berndes 2003 Meta-analysis Global / regional Various
Integrated land use / energy-
economy

Greenhouse gas stabilization

McCollum 2014
Single study /
meta-analysis

Global  2010 - 2100
Integrated assessment/optimization/ 
macro-economic

Greenhouse gas stabilization

Krewitt 2007 Single study Global 2003 - 2050 Simulation / regression
Reference scenario (business-as-
usual) / greenhouse gas stabilization 
/ backcasting

Pesch 2014 Single study Germany 2022 / 2032
Bottom-up/linear optimisation/ 
partial equilibrium/unit commitment 
model/transmission grid model

Scenario excluding CO2 emissions 
reduction target

Subhes 2015 Single study India 2010 - 2030 Disaggregated, end-use model 
Reference scenario (business as 
usual) / high demand growth 
scenario / efficient energy scenario

Energy Networks 
Australia

2017
Single study /
meta-analysis

Australia
2017-2027 / 
2050

Energy storage optimisation model
Business as usual / optimised energy 
networks and markets



Implicit representation of disruption in 
global energy scenarios

Author, year Report title Timeframe Scenario  type(s) Purposive disruption Emergent disruption

BP, 2018 BP Energy Outlook 2018 2016 - 2040 Business as usual / what if Climate change policy; sharp 
increase in carbon prices;
energy system decarbonisation; 
global ban on ICE car sales

Peak oil

International
Energy Agency, 
2017

World Energy Outlook 
2017

2016-2040 Outlooks: New Policies
Scenario; Sustainable 
Development Scenario; 
Faster Transition Scenario

Climate change policy; energy 
system decarbonisation; phase 
out of gasoline and diesel 
vehicle sales; Chinese ”energy 
revolution”

Unavailability of large-scale 
CCS; higher electricity 
demand due to rising 
incomes; digital 
technologies and more
flexible power systems 
create new vulnerabilities; 
changing geopolitics / oil 
supply security

International
Renewable Energy 
Agency, 2018

Global Energy 
Transformation: A 
roadmap to 2050

2015 - 2050 ‘Reference case‘ (business
as usual) / greenhouse gas 
stabilisation

Climate change policy; energy 
system decarbonisation; fossil 
fuel job losses and stranded 
assets

Socio-economic disruption 
caused by need to adapt to 
climate change impacts

Shell, 2018 Sky: Meeting the Goals 
of the Paris Agreement

2000 – 2070 / 
2100

Normative: Sky scenario 
(aims to ‘achieve net-zero 
emissions from energy use
by 2070’)

Climate change policy; global 
carbon pricing; energy system 
decarbonisation

Disruptive technologies and 
innovation; rise in global
population and energy 
demand



Explicit representation of disruption in 
energy models and scenarios

First 
author / 
year

Title Geography Timeframe Scenario type(s) / 
name(s)

Purposive 
disruption

Emergent disruption

Heinonen, 2017 Transformational 
Energy Futures 
2050: Neo-Carbon 
Energy Societal 
Scenarios 

Global To 2050 Semi-backcasting, tested 
using Futures Cliniques:
Radical Startups; Driven 
Techemoths; Green DIY 
Engineers; New 
Consciousness 

Energy system 
decarbonisation; peer-to-
peer society (self-organising 
or within traditional 
organisations)

Widespread use of AI, deeply 
networked ICT society; 
ecological values and 
lifestyles as the norm;
ecological collapse; erosion of 
national states and cultures

Millennium 
Project, 2008

2008 State of the 
Future: 2020 
Global Energy 
Scenarios

Global To 2020 Scenarios based on global 
energy Delphi: Business as 
Usual – The Skeptic; 
Environmental Backlash; 
High-Tech Economy –
Technology Pushes Off the 
Limits; Political Turmoil

Environmental movement 
impacts

Technological innovation / 
breakthroughs, conflicts, 
wars, failed states, increasing 
migration, geopolitical 
instability, terrorism

Pwc, 2016 New Energy 
Futures: 
Perspectives on 
the transformation 
of the oil and gas 
sector

Global N/A Perspectives Climate change policy; 
energy system 
decarbonisation

Technological innovation / 
disruptive technologies; 
impact of demographic 
change on energy 
consumption, rapid 
urbanisation; geopolitical 
disruption and fuel price 
volatility.

Richter, 2015 All quiet on the 
eastern front? 
Disruption 
scenarios of 
Russian natural gas 
supply to Europe

Global 2010 - 2040 Base case / natural gas 
export disruption scenarios
using Global Gas Model 
(partial equilibrium): 
Ukraine Disruption;
Gazprom; Long Disruption

Climate change policy Gas supply disruption



Purposive disruption categories (% of studies)
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Fossil	fuel	job	losses	and	stranded	assets

Chinese	"energy	revolution"

Phase	out	of	gasoline	and	diesel	vehicle	sales

Peer-to-peer	society	/	environmental	movements

Decentralised	and	distributed	energy	system

Technology	(un)availability	(e.g.	CCS,	BECCs)

Climate	change	policy

Energy	system	decarbonisation

%	of	studies	reviewed	(18	in	total)



Emergent disruption categories (% of studies)
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Wars	/	terrorism

Socio-economic	disruption	caused	by	climate	change	impacts

Nuclear	power	accidents

Increasing	migration

Ecological	values	and	lifestyles	as	the	norm

Ecological	collapse

Deeply	networked	ICT	society

Erosion	/	failure	of	national	states	and	cultures

Technological	innovation	/	disruptive	technologies

Growth	in	population	/	urbanisation	/	rise	in	energy	demand

Renewables	intermittency	/	power	system	flexibility	risks

Security	of	fuel	supply	risks	/	geopolitical	disruption

%	of	studies	reviewed	(18	in	total)



Observations and discussion

Findings are preliminary as the review is ongoing. They indicate that:

• A range of global and national energy scenarios and quantitative 
modelling exercises lack representation of discontinuities or surprising 
events.

• Where energy models and scenarios represent emergent disruption, it is 
most likely to relate to the energy sector, e.g. supply risks or renewables 
intermittency, or energy demand growth.

• There are some examples of qualitative scenarios (e.g. Neo-Carbon 
Energy Societal Scenarios, Millennium Project) which explicitly set out 
to explore discontinuous futures in low carbon energy transformation.

• In these latter scenarios, civil society is represented as a purposive 
agent of discontinuity.



Next steps

• Review of disruption in models and scenarios – complete 
systematic review searches and analysis

• Refine selection of subset of models and scenarios for 
detailed assessment of their capability to represent 
discontinuity and disruption

• Mapping of selected scenarios against disruption and 
continuity framework

• Interviews with modelling and scenario practitioners
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