
Energy Efficiency Policy Analysis 
with TIMES: Considering Scottish 

Policy Concerns
Christian F. Calvillo

Tercer Encuentro y Primer Congreso Internacional

de la Red SUMAS, 11th to 15th September 2017

christian.calvillo@strath.ac.uk, Research Associate and CXC Fellow, 
Centre for Energy Policy, University of Strathclyde

mailto:christian.calvillo@strath.ac.uk


Report: 
Potential for the use of TIMES in assessing energy 
system impacts of improved energy efficiency
http://www.climatexchange.org.uk/reducing-emissions/using-times-model-developing-energy-policy/

2

http://www.climatexchange.org.uk/reducing-emissions/using-times-model-developing-energy-policy/


Outline

• Brief introduction of the Centre for Energy Policy

• Scotland´s policy context

• The TIMES model
• Brief description

• Strengths and limitations

• Modelling energy efficiency scenarios with TIMES
• Modelling approaches

• The energy efficiency modelling problem
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The Centre for Energy Policy
A brief introduction
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The Centre for Energy Policy

• Established in November 2014 and formally launched in May 2015.

• Energy related research with an economy and policy focus

• Publications
• Papers/reports

• Policy briefs

• Energy blogs

• Events
• Workshops

• Energy conversations

• Other forums

https://www.strath.ac.uk/research/internationalpublicpolicyinstitute/centreforenergypolicy/
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Scotland´s policy context
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A period of changing policy and 
ambitious targets
• In January 2017, several documents have been released including:

• “Draft Climate Change Plan - Third Report on Policies and Proposals 2017-
2032”
• Decarbonisation Pathway: 2032 target of 66% emission reduction below 1990 levels

• Based heavily on scenarios from the Scottish TIMES

• “Draft Scottish Energy Strategy: The Future of Energy in Scotland”
• Scotland’s long-term vision of energy supply and use, aligned with the greenhouse gas 

emissions reduction targets

• “National Infrastructure Priority for Energy Efficiency - Scotland’s Energy 
Efficiency Programme” (SEEP) 
• The residential and services (non-domestic buildings) sectors will have emissions 

reductions of 75% and 98%, respectively, by 2032 in comparison with 2014 levels
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A period of changing policy and 
(even more) ambitious targets(ii)
• In July 2017, an updated climate change bill has been released:

• Updated emission reduction target: by 2050, 90% less emissions relative to 
1990 levels

• According to the Scottish TIMES, this will cost 3% of cumulative GDP

• In September 2017, the Scottish Government announced a ban on 
new petrol and diesel cars and vans from 2032
• This ban is 8 years sooner than the UK and other countries like France
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The TIMES model
A very brief description
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TIMES (in a nutshell)

• TIMES is used for, "the exploration of possible energy futures based on contrasted scenarios" 
(Loulou et al. 2005).

• General purpose: Exploring different scenarios
• Decarbonisation pathways, technology assessment, least-cost assessment

• Model structure (assumptions): Energy supply with constraints
• Planning through a least cost approach, where the energy supply is modelled (endogenous) and the demand 

is exogenous

• Geographical coverage: Global, national, regional, local 

• Sectoral coverage: Whole energy sector

• Time horizon: Medium, Long term

• Time steps: user-chosen time-slices
• three groups: seasonal (or monthly), weekly (weekday vs weekend), and daily (day/night)

• Numerous renewable energies and storage technologies considered

• Demand from transport and other sectors included in a detailed disaggregated way (exogenous 
variables)
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How is the energy system 
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11

Exogenous variables

Processes modelled in TIMES

Endogenous variables



1 2 3 4 5 6

7

Production/
extraction/
transport

Energy 
conversion 

technologies

Transmission
& distribution

Energy 
service 
demand

End use
energy

conversion

Emissions 
and waste

8
Energy
losses

9
Capacity and 

economic
variables

Energy carrier variables between processes are also endogenous

Techno-economic parameters are exogenous

Primary 
resources 

and imports

Exogenous variables

Processes modelled in TIMES

Endogenous variables
12



TIMES’ strengths and 
“shortcomings”
Outcomes of the report
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TIMES strengths

• Scope: system-wide energy model

• Technology rich 

• Long-term horizon

• Economic driven (allows to find the least cost energy system)

• Relatively flexible
• User constrains (possibility to create multiple scenarios)
• Time slices, and time horizon

• Linear programming problem
• Gives an optimal solution
• Relatively fast to solve (UKTM run in 5 – 7 mins).

Hundreds of thousands 
variables and constraints
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TIMES “problems”

• Highly depended of data
• It needs lots of historic and “future” data

• The model and results are as good as the quality of the fitting data and the 
data assumptions (exogenous variables such as demand projection)

• Modelling compromises
• Time management in TIMES (16 time slices represent a whole year) 

• Lack of heterogeneity in the demand side

• Cost driven 
• Technology adoption is based on economic benefit (This provokes dramatic 

technology changes)

• Artificial constraints (based on assumptions)
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Modelling energy efficiency 
scenarios with TIMES
Example on residential heating
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Residential heating 

…

Gas water boiler

Elc. water boiler

Heat pump

…

Wall insulation

Loft insulation

Double glazing

Radiator
(eff. 100%)

Energy efficiency is 
not a commodity in 

TIMES!
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Energy efficiency constraints 

…

Gas water boiler

Elc. water boiler

Heat pump

…

Wall insulation

Loft insulation

Double glazing

Radiator
(eff. 100%)

Option 1
Constraint on 

max. Gas input

Option 2
Constraint on max. 
“Heatpipe” output

Option 3
Constraint 

on min. 
energy 

conserv.
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TIMES “problems” for energy 
efficiency analysis
• Energy efficiency is not straightforward with TIMES

• Several ways to model it, different outcomes

• Most research work analyses energy efficiency as a “sub product”

• Exogenous demand and lack of wider economy impacts 
• It is important to analyse the feedback effect between energy cost and energy 

service demands
• Rebound effects, consumer choices, etc.

• TIMES can model certain elasticity, but this is a limited approximation

• The multiple benefits of energy efficiency are not captured with TIMES
• Productivity, health, economic boost, etc.
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Where do we go from here?
Conclusions and recommendations for energy efficiency policy analysis
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Summary of options

• Just use TIMES as it is

• TIMES improvements

• Soft-linking with other models 
• The models interact and inform each other off-line

• Soft´linking with economy-wide models (CGE)

• Note that there is no single “right way” to proceed, as it heavily 
depends on the intended goals of the analysis
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Just use TIMES as it is

• A good first approach

• Sensible results, and useful insight 
• However, the limitations should be taken into account

• Recommendation for energy efficiency analysis:
• Should be seen as rough numbers, rough pathways

• Run multiple scenarios, do sensibility analysis, and contrasts the results 
before taking decisions

• Analyse if there is any particular area that requires mode detail, according to 
your particular energy system:
• Very heterogeneous industry or residential sectors, might require different energy 

efficiency policies.
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TIMES improvements

• Useful approach to address particular “modelling problems”

• Certain improvements could be relatively easy to implement
• E.g. include more demand heterogeneity (if you have the data)

• But some others will require important changes on the model 
structure and/or data
• Difficult to get and/or time consuming

• Recommendation for energy efficiency analysis:
• Demand heterogeneity could be very useful to analyse the effects of different 

policies on different consumers, and relatively easy to implement
• For other improvements, assess if the time/effort compensate the benefits of 

the new modelling, and if the required data is available

23



Soft-linking with economy-wide 
models
• Provides valuable feedback to the energy system, adapting the energy 

service demands and producing more accurate results

• Also, allows to assess other economy-wide impacts and benefits that 
could only be predicted otherwise. 
• E.g. job creation due to energy efficiency

• Recommendation for energy efficiency analysis:
• An alternative second step, after solely using TIMES
• Very relevant analysis for energy efficiency policies, as many of the expected 

outcomes goes beyond the energy system (e.g. reducing energy poverty) and 
it represents better the consumer behaviour

• However, the soft-linking process presents several challenges
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Soft-linking challenges 
(to keep in mind)
• Data aggregation and timeframes

• Models normally have different time horizons and/or time slices
• The data aggregation could represent a problem when the aggregated outcome need 

to be disaggregated to be input in another model

• Model fitting
• Commonly, the two soft-linked models are based on two different statistical 

databases (e.g. national accounts vs energy statistics) 
• Hence, when identifying connections points, several overlaps and mismatches could 

appear and some “conversion” step needs to be carried out

• Common scenario assumptions
• This seems to be obvious but is not always evident
• A crucial step to achieve consistency among the models is associated with the 

definition of common scenario assumptions (e.g. fossil fuel import prices, interest 
rates, energy constraints and policy assumptions)
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Thank you!
Christian Calvillo

christian.calvillo@strath.ac.uk

https://www.strath.ac.uk/research/internationalpublicpolicyinstitute/centreforenergypolicy/
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