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UCL's TEMPEST model

Findingsocicpolitically feasible pathways to net zero

TEMPES(ITechnologicatconoMidPolitical Energy Systenigansition) was
built during the GSTEPproject (Operationalising Sociechnical Energy
Transitions modelling)
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Method, rationale, outcomes

A Method: Endogenise political and social factors in energy transition modelling
A Rationale:Social and political factors known to be important but not included in models

i Thereis no getting away from politics because of tHd NNBE RdzOA o6f & L2t AGA Ol
A2O0SNYIFyOS F2NJ adzMmeddowgrdft®®0®) RS ISt 2LIYSYydaQ 6

i WwS & SHowdpeigreater attention to the relationships and causal processes linking
policy processes, policy outputs and sdaechnicalO K | y(Ke & Rogge, 2018)

I In other words, whatou planfor and what youget are not always the same!
A Expected outcomes
I Reveal new insights about how reabrld energy transition happens, or does not, and why

I Modelthe sociopolitical feasibility of net zero pathways, to compare with pathways from
techno-economic models
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Introduction to the model

A TEMPES a system dynamics simulation mod¥ensim)

A Preparation: analysis of historical energy and emissions data, policies, and poéticsl
affecting energyl1980 to 20109:

A Supplydemandbalancings demanddriven

A Logicfor modelling diffusion of mitigation measures incorporates learning by doing (LBD) and
factors including: measureharacteristics, disposable income, and political and social factors

A Simulationof historical periodroadly replicates observed trends; model continues to 2080
with sensitivity testing

A Sensitivity variables reflect:

I Exogenous uncertainties affecting the enesggtem(both supply and demand), such as
political strategy changesconomic upturns or downturns, geopolitical changes

I Endogenous uncertainties affecting energy system responses to external condatigns (
socialpushbacko energy policies, efficacy of policies)
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Key conceptg political capital and public willingness to participate

A Political capital (PolCgppotential political power that can be invested in leadership tools such
as policy formulation and the overseeing of policy implementation proceggas(2013

A PolCapiski nd of “fuel” or “credit” tpoogrémemesused t

A PolCap held by government can be spent on different paligndas- hence TEMPEST specifies
“Pol Cap for energy transition”

A Social capitalthe power, or agencyof actors in society to takaction

A Sociakapital is not always enough to bring about expected emissioasv i Degnandsidé
attitude-b ehavi our g-bphaviiontemgtamppdaiga behavi our

“ 1 mpoearc astdlsomeeded (intrinsic, extrinsic)

A Public willingness to participate (PVWRcombinessocialcapital and imperative tact
I Higher the PWP, the more likely thetpectedoutcomes of policies will bachieved

A Planners have neither control of societal responses to policies, nor perfect foresight
i Hencethe named A YLISNF SO © Keprasénshe Jafirding préeéss

Tan
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Theimperfect choiceengine and measure diffusion
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Scatter patterns from sensitivity testing

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
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Scenarios (1000 cases grouped by outcome, average over cases)

Scen- Description Count Cumul Net Disposbl| Policy Popu- Push- Shock
ario P Emiss Barriers | Income | Additins | lation back Size
(MtCO2 | (adjust- | (adjust- | (adjust- | (adjust- | (adjust- | (adjust-
2020-2050)| ment) [ ment %) | ment) | ment %) | ment %) | ment)
1 Cases that meet the budget 96 5,104 -2.26 -0.67 5.67 -0.13 -0.03 (i'és)
5 Cases that reach target before 507 6.992 107 0.24 4.95 001 0.01 0.50
2080 (+ve)
3 g;;%sééhat dontreachtarget | 597 | 93504 | 205 0.45 4.74 0.01 0.04 | 2.9 (-ve)

r

Adjustments to population and disposable income are against a default upward trajectory

\,
7

\,

Highest differences in measure implementation are in behaviamdpbower sector new low carbon generation

I\,

7

\,

CQ budget (CCC 6CB) met only wiilghly beneficiatonditions and system feedback responses

I\

)

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

J

8
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Policy implicationsg Demand behaviours

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

We are | i kely past “peak demand” i n Domestic, Sur f‘ac
Depending on energy efficiency, behavioural savings will be needed totangets (probably temporarilyy dzii X

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; Learning by doing

é N

Total LBD (cumulative measure of LBD fomalhsures)s an important indicator

\,
P,

I\,

LBD reduces botGumulEmissions and Missing PolCap

N

If LBD is not happening fast enougbuld be expensive (in PolCap) to speed up LBD with policies (e.g. incent)ves,
AONJ LILJ IS aOKSYSavuvX

Y
N

but LBD would reduce cost of decarbonisation, reducing need for PolCap spend
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Policy implicationsg Delivering CCC pathways
( )
TEMPEST % emissions reductions on 2020,

70% compared to CCC 6CB balanced scenario
\ Z
Scenario 1 is quite close by the end

60%

50% Scenario 2 fails to keep up after 2030

\, v
é N

Scenario 4 achievement rate gets slower over tipe
Under poor socigpolitical conditions, and poor
system response, mitigation wiibt happen athe
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Conclusions

A TEMPEST isamrking simulatiormodel of theU K sosiopolitically driven energy transitiont has
provided novelnsights into thefeasibilityof energy transition pathways

A Resultdndicate the fragility o successful journep net zero:
I Tipping points in availability of PolCap could lead to targets being missed by a wide margin

I Behavioural (consumption) changes require especially high PWP and therefoRoligp
(unless other factors change past patterns)

I Influences from system structufenertia) arehighly important to emissions

A Current work: publications, use with large integrated assessment manbei&rences, sharingith
stakeholders (i.e. yourselves today!)

A Possiblduture extensions of modelling detail include:
a) More detail on type®f policies, financial impacts, and societal responses
b) Options forimperfect choice enginstrategies which improvefficiency of use of PolCap

c) Amodelf uncti on t hat poltioalirtervantionisisnt r“aotpetgyafa lf or a
sustainingenergy systentransition, even in unfavourable conditions

12
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AThanks for your attention

AQ&A

Owonder!

How many goodly creatures are there here!
How beauteous mankind i€ brave new world
¢KIFIO KFa &adzOK LIS2LX S

Mi randa, from Shakesp
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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

Demandsupply balancing Technologically highly detailed, wit Simple
temporal detall

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

Technological change | Exogeneous Learning by doing (LBD)

Calibration 2015 Historical period 1982019

End date 2050 2080

Sensitivity runs Resource availability, technology | Political changes, economic shocks, social respol

costs, demand assumptions to policies

14
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Future sensitivity testing; inputs and outputs

Exog.enous input Endogenous mput] Whole system indicator outputs Endogenousndicator outputs
adjustment adjustments (measure level)
Barriers to energy | strength of public | Cumulative MtCO2 emissions Cumulative LBD (strength of
transition pushback against | (emissions between 2020 and year | learning by doing during
policies targetreached, or 2080 if target not | measure deploymentyhich
reached) feeds the Surve)
Drivers for energy | strength of Total missing PolCap (indicates a | Cumulative innovation
transition policies applied | deficit in available PolCap compareq (strength of innovation for
to that required to meet target) early TRL measures)
Population Total policy soup (indicates how larg
policy investments have been)
Disposable income Year net zero target achieved
Size of positive or
negative shock
Year of shock

15
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Workings of themeasure level (societal actors including industry)

A Threephases of measure diffusion:
I Phase 1 =p to commercialisation; innovatioeind RD&D to create feasible potential
I Phase 2 mp to selfsustaining deployment; implementatiasf feasible potential
I Phase 3 = remainder of feasible potential; no policy support
A Behavioural measures treated differently
I When PWP is negative, negative savings are added
i Otherwise, PWP < 0 means no mitigation
I No learning by doing (LBD) for behavioural measures with negative savings

AA “measure typology” identifies typical di ff
Characteristic Meaning
Novelty and Difficulty Highernovelty and technological complexity mean higher costs and diffusion time
User Impacts Higher impacts (negativen end users, the more PWP needed to adopt
RD&D from outside UK The more RD&D thone outside UK, the quicker the diffusion
Commercialisation tipping point Typically faster for smaller, mass market measures, slower for complex measures
Seltsustaining tipping point Typicallyfaster for measures with learning by doing, slower for measures difficult to diffuse
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Historical calibration results

A DMST= domestiqresidentia)

A NDMS= nondomestic(industry public, etc)

A TRNA= air transporisector

A TRNS: surfacedransport
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