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UCL's TEMPEST model 
Finding socio-politically feasible pathways to net zero

TEMPEST (Technological EconoMicPolitical Energy Systems Transition) was 
built during the O-STET project (Operationalising Socio-Technical Energy 

Transitions modelling)
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Method, rationale, outcomes

ÅMethod: Endogenise political and social factors in energy transition modelling

ÅRationale: Social and political factors known to be important but not included in models 

ïThere is no getting away from politics because of theΨƛǊǊŜŘǳŎƛōƭȅ ǇƻƭƛǘƛŎŀƭ ŎƘŀǊŀŎǘŜǊ ƻŦ 
ƎƻǾŜǊƴŀƴŎŜ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ όMeadowcroft, 2009)

ïΨwŜǎŜŀǊŎƘ should pay greater attention to the relationships and causal processes linking 
policy processes, policy outputs and socio-technical ŎƘŀƴƎŜΩ (Kern & Rogge, 2018)

ï In other words, what you plan for and what you getare not always the same!

ÅExpected outcomes:

ïReveal new insights about how real-world energy transition happens, or does not, and why

ïModel the socio-political feasibility of net zero pathways, to compare with pathways from 
techno-economic models
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Introduction to the model

ÅTEMPEST is a system dynamics simulation model (Vensim) 

ÅPreparation: analysis of historical energy and emissions data, policies, and political trends 
affecting energy, 1980 to 2019:

ÅSupply-demand balancing is demand-driven 

ÅLogic for modelling diffusion of mitigation measures incorporates learning by doing (LBD) and  
factors including: measure characteristics, disposable income, and political and social factors

ÅSimulation of historical period broadly replicates observed trends; model continues to 2080 
with sensitivity testing

ÅSensitivity variables reflect:

ïExogenous uncertainties affecting the energy system (both supply and demand), such as 
political strategy changes, economic upturns or downturns, geopolitical changes 

ïEndogenous uncertainties affecting energy system responses to external conditions (e.g. 
social pushback to energy policies, efficacy of policies)
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Key concepts ςpolitical capital and public willingness to participate

ÅPolitical capital (PolCap): potential political power that can be invested in leadership tools such 
as policy formulation and the overseeing of policy implementation processes (Kjaer, 2013)

ÅPolCap is a kind of “fuel” or “credit” to be used to set targets and launch policy programmes

ÅPolCap held by government can be spent on different policy agendas –hence TEMPEST specifies  
“PolCap for energy transition”

ÅSocial capital:the power, or agency, of actors in society to take action

ÅSocial capital is not always enough to bring about expected emissions savings: “Demand-side 
attitude-behaviour gap”, “intention-behaviour gap”, “behaviour-impact gap”

ïan “imperative to act” is also needed (intrinsic, extrinsic)

ÅPublic willingness to participate (PWP): combines social capital and imperative to act

ïHigher the PWP, the more likely that expected outcomes of policies will be achieved

ÅPlanners have neither control of societal responses to policies, nor perfect foresight

ïHence the name άƛƳǇŜǊŦŜŎǘ ŎƘƻƛŎŜ ŜƴƎƛƴŜέto represent the planning process
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The imperfect choice engine and measure diffusion
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Global sensitivity analysis with six adjustment variables acting on model inputs and feedbacks, after 2020

Adjustment values generated as normal distributions, not stochastic; 1000 cases

Missing PolCap = cumulative deficit in required PolCap compared to available

Policy Soup = cumulative measure of policies for measure development and implementation

The more PolCap, the more ingredients in the policy soup, the higher likelihood of meeting targets

Scatter patterns from sensitivity testing
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Adjustments to population and disposable income are against a default upward trajectory

Highest differences in measure implementation are in behavioural and power sector new low carbon generation

CO2 budget (CCC 6CB) met only with highly beneficialconditions and system feedback responses

TEMPEST struggles to reach net zero, compared with cost optimal models with perfect decision makers and fully 
compliant/engaged society

Scenarios (1000 cases grouped by outcome, average over cases) 
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1 Cases that meet the budget 96 5,104 -2.26 -0.67 5.67 -0.13 -0.03
9.24 

(+ve)
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Cases that reach target before 

2080
507 6,992 -1.07 -0.24 4.95 0.01 -0.01
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3
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by 2080
397 13,604 2.05 0.45 4.74 0.01 0.04 2.9 (-ve)
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Policy implications ςDemand behaviours

Historical review showed steady increase in demand (consumption) behaviours from 1980 to 2000/2010 

We are likely past “peak demand” in Domestic, Surface Transport, but not Air Transport

Depending on energy efficiency, behavioural savings will be needed to meet targets (probably temporarily), ōǳǘΧ

Will there be enough PWP for shifting consumption back towards 1990 levels? 

Will there be enough PolCap to encourage higher PWP?
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Policy implications ςLearning by doing 

Total LBD (cumulative measure of LBD for all measures) is an important indicator

LBD reduces both CumulEmissions and Missing PolCap 

If LBD is not happening fast enough, could be expensive (in PolCap) to speed up LBD with policies (e.g. incentives, 
ǎŎǊŀǇǇŀƎŜ ǎŎƘŜƳŜǎύΧ

but LBD would reduce cost of decarbonisation, reducing need for PolCap spend 
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Policy implications ςDelivering CCC pathways 

TEMPEST % emissions reductions on 2020, 
compared to CCC 6CB balanced scenario

Scenario 1 is quite close by the end

Scenario 2 fails to keep up after 2030

Scenario 4 achievement rate gets slower over time

Under poor socio-political conditions, and poor 
system response, mitigation will not happen at the 
required rate 

Early warning point will be in late 2020s as 
divergence from CCC pathway starts to increase in 
scenarios 2 and 3

In TEMPEST, Surface Transport and Domestic 
sectors show the highest deficit in savings, 
compared to CCC trajectory
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Conclusions

Å TEMPEST is a working simulation model of the UK’s socio-politically driven energy transition. It has 
provided novel insights into the feasibility of energy transition pathways

Å Results indicate the fragility of a successful journey to net zero:

ï Tipping points in availability of PolCap could lead to targets being missed by a wide margin  

ï Behavioural (consumption) changes require especially high PWP and therefore high PolCap 
(unless other factors change past patterns)

ï Influences from system structure (inertia) are highly important to emissions 

Å Current work: publications, use with large integrated assessment models, conferences, sharing with 
stakeholders (i.e. yourselves today!)

Å Possible future extensions of modelling detail include:

a) More detail on types of policies, financial impacts, and societal responses

b) Options for imperfect choice engine strategies which improve efficiency of use of PolCap

c) A model function that can find an “optimal political interventionist strategy” for a self-
sustaining energy system transition, even in unfavourable conditions
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ÅThanks for your attention

ÅQ&A 

O wonder!
How many goodly creatures are there here!
How beauteous mankind is! O brave new world
¢Ƙŀǘ Ƙŀǎ ǎǳŎƘ ǇŜƻǇƭŜ ƛƴ Ωǘ!

Miranda, from Shakespeare’s The Tempest
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Comparison of TEMPEST with TIMES

UK TIMES TEMPEST

Policy focus Net Zero pathways to 2050 Net Zero pathways to 2050

Model type Cost optimisation System dynamics simulation

Demand-supply balancingTechnologically highly detailed, with 
temporal detail

Simple

Mitigation measures Chosen by costs Chose by mixture of measure characteristics, 
disposable income, and political and social factors

Technological change Exogeneous Learning by doing (LBD)

Calibration 2015 Historical period 1980-2019

End date 2050 2080

Sensitivity runs Resource availability, technology 
costs, demand assumptions

Political changes, economic shocks, social responses 
to policies
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Future sensitivity testing ςinputs and outputs

Exogenous input 
adjustment

Endogenous input 
adjustments

Whole system indicator outputs
Endogenousindicator outputs 

(measure level)

Barriers to energy 
transition

strength of public 
pushback against 
policies

Cumulative MtCO2 emissions 
(emissions between 2020 and year 
target reached, or 2080 if target not 
reached)

Cumulative LBD (strength of 
learning by doing during 
measure deployment,which 
feeds the S-curve)

Drivers for energy 
transition

strength of 
policies applied

Total missing PolCap (indicates a 
deficit in available PolCap compared
to that required to meet target)

Cumulative innovation 
(strength of innovation for 
early TRL measures)

Population Total policy soup (indicates how large 
policy investments have been)

Disposable income Year net zero target achieved 

Size of positive or 
negative shock

Year of shock
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Workings of the measure level (societal actors including industry)

ÅThree phases of measure diffusion: 

ïPhase 1 = up to commercialisation; innovation and RD&D to create feasible potential 

ïPhase 2 = up to self-sustaining deployment; implementation of feasible potential 

ïPhase 3 = remainder of feasible potential; no policy support

ÅBehavioural measures treated differently

ïWhen PWP is negative, negative savings are added

ïOtherwise, PWP < 0 means no mitigation

ïNo learning by doing (LBD) for behavioural measures with negative savings

ÅA “measure typology” identifies typical diffusion patterns according to measure characteristics:  

Characteristic Meaning

Novelty and Difficulty Highernovelty and technological complexity mean higher costs and diffusion time

User Impacts Higher impacts (negative)on end users, the more PWP needed to adopt 

RD&D from outside UK The more RD&D isdone outside UK, the quicker the diffusion

Commercialisation tipping point Typically faster for smaller, mass market measures, slower for complex measures

Self-sustaining tipping point Typicallyfaster for measures with learning by doing, slower for measures difficult to diffuse
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Historical calibration results

ÅDMST = domestic (residential)

ÅNDMS = non-domestic (industry, public, etc.)

ÅTRNA = air transport sector

ÅTRNS = surface transport


