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Energy-Environment-Economy interactions in 
E3-Thailand



The Energy Sub-model

• Determines final energy demand (by fuel and user) 
and prices of fuel use

• Provides feedback to main economic framework 
• This 'top-down' approach is intended to be 

supplemented by a set of 'bottom-up' engineering 
sub-models
– a detailed treatment of the electricity supply industry (FTT)



Aggregate energy demand functions

• No explicit production function
• Energy demand as derived from demand for 

heat, power etc. and in turn from demand for products
• 2-level hierarchy: aggregate energy demand equations 

and fuel share equations 
• Aggregate demand affected by industrial output of user 

industry, household spending in total, relative 
prices, technical progress

Econometric equation Main explanatory variables 
Total energy demand (by sector) economic activity, weighted price of energy, investment, technology

Disaggregated energy demand 
(by fuel by sectors

economic activity, relative price of specific fuel, investment, technology



Fuel share equations

• This aggregate demand then shared out among 
main fuel types (coal, fuel oil, gas and electricity)

• Fuel share equations depend upon:
– activity, technology, relative price effects

• Total demand is scaled to match the results from the 
aggregate demand equation



Feedback from the Energy Sub-model



FTT-Power Sub Model

• FTT:Power uses a decision-making core for 
investors wanting to build new electrical capacity, 
facing several options. 

• The decision-making core takes place by pairwise 
levelised cost (LCOE) comparisons, conceptually 
equivalent to a binary logit model, parameterised by 
measured technology cost distributions.

• This part of the model is set to exogenous, allowing 
users to fix the power generation mix



FTT:Power technologies, parameters and 
costs

IEA, 2015



FTT:Power and E3-Thailand Model



Prices in the Energy Sub-model

• Prices are determined as follows:
– exogenous global fossil fuel prices: oil, gas and coal production 

prices 
– electricity prices from the FTT linked to cost of 

generation, transmission, distribution, and supply 

• Policy measures affect the prices e.g.:
– environmental taxes/charges 
– revenue from any energy tax may be used in main 

model, depending on the assumptions: 
– recycle carbon tax revenues as reduction in employer taxes 
– reduce direct/indirect tax burden 



Treatment of Environmental Emissions

• Energy-related CO2 derived from energy demand
• Projections of fuel use by user and type determine 

much of the emissions, allowing for different fuel 
quality/combustion processes



Energy and emission classifications

Power technology

1 Nuclear       
2 Oil          
3 Coal          
4 Coal + CCS    
5 IGCC          
6 IGCC + CCS    
7 CCGT          
8 CCGT + CCS    
9 Solid Biomass 
10 S Biomass CCS
11 BIGCC        
12 BIGCC + CCS  
13 Biogas       
14 Biogas + CCS 
15 Tidal        
16 Large Hydro  
17 Onshore      
18 Offshore     
19 Solar PV     
20 CSP          
21 Geothermal   
22 Wave         
23 Fuel Cells   
24 CHP 



Mitigation options modelled in E3-
Thailand

• Carbon taxes and emission trading schemes
– with alternative recycling options, i.e. via reductions in income 

taxes, labour taxes or indirect taxes
– covering different areas 
– allowing exemption/lower rates for energy-intensive industries

• Regulations
• Energy efficiency
• Renewable mix
• Environmentally harmful subsidies removal
• Funding/support of R&D

– general R&D support
– support for energy saving and low-carbon processes



ETS Options in the model

• Price can be entered exogenously or calculated by 
the model for a given level of caps
– market clearing is assumed
– yearly caps or prices

• Sectoral coverages and within sector coverages
• Permits are allocated or auctioned 
• Offsets
• Auctioned revenues can be used for revenue 

recycling
• Indirect emissions



Carbon tax options in the model

• Sectoral coverage and within sector coverage  
(exemptions)

• Revenue recycling options
• Varying rates between sectors 
• Varying rates between years
• Indirect emissions
• Revenue recycling



Carbon tax High carbon content 
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Impact of revenue recycling

Reduction in employer social security contribution 

Lower unit labour costs for industry**
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Energy efficiency



What is required for macro modelling

• A scenario approach is usually applied – either ex ante or 
ex post, if it is ex ante then a baseline case is required

• The scenarios are then defined in terms of:
– amount of energy savings
– cost of these savings
– who pays for the measures
– who receives the payment

• Each of these inputs must be defined by sector and time 
period



What can macro-modelling tell you?

• A macroeconomic model could be able to tell you:
– supply chain effects of energy efficiency programmes
– macro-level impacts, like GDP
– employment effects
– indirect rebound effects
– interaction with other policy

• It would not generally be able to tell you:
– the individual energy savings for a particular measure
– rates of uptake for particular technologies

• A comprehensive economic analysis therefore requires a 
combination of bottom-up and macroeconomic modelling



Model Inputs and outputs



Rebound effects

• A macroeconomic model is required to estimate indirect 
and induced rebound effects

– the economic benefits of greater efficiency lead to higher rates of economic 
activity, meaning more energy consumption

– some models (both energy and economic ) will also include fossil fuel price 
feedback effects, with lower initial demand leading to lower prices and rebounds 
in consumption

• Estimates for the scale of rebound effects vary 
considerably – it is clear that they depend on sector, 
location, time period and several other factors



Impacts of energy efficiency
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