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Energy systems modelling at the 
Grantham Institute 

Year Details 

2010/
2011 

Involved in the AVOID Programme 
• Collaboration with IIASA to investigate low carbon pathways for 

China 
• Collaboration with UCL to investigate low carbon pathways for India 

2012 Excel based energy systems modelling at a global level. Report: 
Halving Global CO2 by 2050: Technologies and costs 

2013 Collaboration with the UCT-ERC in South Africa developing the industry 
sector in their SATIM model 

Feb 
2014 

Grantham Institute started developing our own Grantham-TIAM model 
based on the ETSAP-TIAM model 

• Involved in the AVOID 2 Programme 
May 
2014 

The SGI (Sustainable Gas Institute) was founded 
• Led by Adam Hawkes 
• Will be developing their own Energy Systems model over the next 5 

years 

http://www3.imperial.ac.uk/grantham/publications/collaborative/halving-global-co2-by-2050
http://www3.imperial.ac.uk/grantham/publications/collaborative/halving-global-co2-by-2050
http://www3.imperial.ac.uk/grantham/publications/collaborative/halving-global-co2-by-2050


Summary of AVOID 2 work package C 

How are energy systems likely to change  
in different mitigation scenarios? 



AVOID 2 – mitigation modelling work programme 

Review of 
recent 
global 

mitigation 
scenarios 

Comparison of 3 
energy systems 
models and a 

non-CO2 model 

Socio-economic 
assumptions 
Targets explored 
Key technologies 
& measures 
Costs of mitigation 
 
Report and policy 
note published 
 

2, 2.5, 3, 4 OC targets 
Delayed mitigation action 
(to 2020 and 2030) 
Delayed and constrained 
technologies 
Analysis of scenario feasibility, 
technologies and measures 
Mitigation costs and other 
impacts 

Stress-test 
core energy 

systems model 
technology 
deployment 

rates 

How fast can technologies 
be deployed? 
What does this mean for 
scenario feasibility? 
What does this mean for 
mitigation costs?  

Stress-test 
core energy 

systems model 
energy efficiency 

take-up 

How fast can energy 
efficiency improve? 
Which policies are  
most effective? 
How does this impact  
mitigation costs? 

Deep dive 
into 

emerging 
economies 

What are the drivers 
and barriers to achieving 
low-carbon transitions in  
China, India, other 
emerging economies? 

Impact of 
shale gas 

On baseline emissions 
On mitigation costs 
On investment in 
low-carbon energy 

WPC1 WPC2 WPC3 WPC4 WPC5 WPC6 

2014 2015 



Our progress to date 

Getting to know and 
understand the model 

Calibration of the model 

Initial scenario runs 

Inter-model comparison 

Development of a results 
processing workflow 

Addition of Industry CCS as 
a technology 

‘Stretching’ the model to 
reach deep 

decarbonisation targets 



Calibrating the model 



How does one calibrate the model to 
match historical data? 

• Data in the base year (2005) is calibrated to IEA Energy 
Balance data 

• Desired outcome: Outputs from the model from 2006 to 
2014 should represent actual historical numbers as 
closely as possible 

• What is the ‘best’ way to achieve this? 
• Two different philosophies 

– Tweaking the model until it generates numbers which are 
suitably close 

– Forcing the model to produce historical outputs using constraints 
– A combination of the above 

 
 



Calibrating the model 



Calibrating the model 



Calibrating the model 



Calibrating the model 



Initial scenario runs for AVOID2: 
Investigation of CO2 budgets 

Met Office 
climate 

modelling 

Target / OC by 2100 (relative to 
pre-industrial) 

Cumulative (2000-2100) CO2 
emissions from fossil fuel 
combustion and industry (GtCO2) 

2.0 1,337 

2.5 2,582 

3.0 3,564 

4.0 5,278 

15 different scenarios to explore: 
 
- Baseline with no CO2 constraints  
- Immediate action (“optimal”) from model base year (2010 or – in the case of TIAM – 2012) 
- Delayed action following weak action to 2020 (in line with unambitious end of Cancun pledges) 
- Delayed action following weak action to 2030 
- [For 2OC scenario] delayed action following weak action to 2020, with CCS only from 2050 
- [For 2OC scenario] delayed action following weak action to 2020, with limits to  

penetration of electricity into end-use sectors (buildings, transport, industry) 



How does one ‘stretch’ the model 
achieve deep decarbonisation? 

• Initial runs under very constrained scenarios 
(e.g. delayed action to 2030, late CCS and 
limited electrification) gave very high CO2 price 
of $10,000/tCO2  indication of infeasibility 
 

     Our approach: 
 
 Addition of 

industry CCS 
Demand 
response 

Analysis of 
constraints (e.g. 

maximum 
capacity) 

Impact of growth 
rate constraints 



How does one ‘stretch’ the model 
achieve deep decarbonisation? 

Impact of different growth constraints on 
installed capacity and CO2 price in 2100 



Results: Emissions pathways 

NOTE: Preliminary results – not for citation or circulation 



Results: Costs of scenarios 2-4OC (GDP loss in 2050) 

For temperature targets 2.5 – 4 OC, a small additional cost of delay 
to 2020 and 2030. For 2C, a significant additional cost of delay 

TIAM 

NOTE: Preliminary results – not for citation or circulation 



How do our results from TIAM compare with 
other models? 
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How do our results from TIAM compare with 
other models? 
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Top challenges 

• Mapping the model – 
technologies and their 
interconnections 
(particularly upstream) 

• User constraints are 
difficult to setup without 
guidance 

• Version control 
• Limited annotation and 

referencing make it 
difficult to follow 

Lessons learned 

• Always check for dummies 
• Don’t ignore warnings at 

the end of a run (e.g. 
Solver unreliable) 

• The ‘Browse’ function in 
VEDA-FE is your friend. 
Use it! 

• The order of your files in 
VEDA-FE matters 

• When all else fails - go 
back to the last version 
that worked! 



Next steps 

• More detailed regional and sectoral analysis for 
AVOID 
– Investigate technology deployment rates 
– Analysis of energy efficiency uptake 
– Deep dive into emerging economies 
– Impact of shale gas 

• Further development of our modelling capabilities 
 ADVERT:  

We have just put out a job advert for a 4 month research assistant 
position to help us with the above work for the AVOID project. Please 
email a.gambhir@imperial.ac.uk if you are interested. Alternatively, if 

you know anyone who might be interested please forward. 

mailto:ajay.gambhir@imperial.ac.uk


Thank you 

tamaryn.napp@imperial.ac.uk 
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