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Overview

This article attempts to fill the gap of mutual understanding between economists and engineers  based on an analytical comparison of energy-economic models that broadly fall into two categories: bottom-up model (technology rich) and Top-down model(general equilibrium driven).  BU models determine the financially cheapest way to achieve a given target based the best available technologies and process. One of representative examples is MARKAL model. On the other hand,  TD models describe the energy system in terms of aggregate relationships relating production factors by elasticity of substitution, which can be derived from empirical data. More recently, a third category, namely hybrid models have emerged in the arena of energy-economy modelling. These models aim at making the dialogue between TD and BU model possible by combining the advantages in both categories of models, such as IMACLIM model; which is based on imperfect forecast (myopic economic agents) with structural inertia and second-best  reasoning. In addition, IMACLIM may quantify and qualify the role of infrastructures and failures in the capital/insurance markets for the cost of mitigation. We seek to achieve    interactive and constructive dialogues between modellers from each side of the modelling paradigms, based on a comparative critique of structure and characteristics as well as implications for climate policy from MARKAL family models and IMACLIM;   it shows the importance of using general equilibrium approach in evaluating the incremental costs of transition and uncertainty of  technical progress under climate constraints by bridging the short term policies and long term objectives.  

Methods

We use cross-comparative method to evaluate the characteristics, modelling philosophy, structure, mathematical representations of modules; structure, and key assumptions in IMACLIM and MARKAL family models.  We also qualify their suitability in evaluating climate policies and the implications for underlying costs of transition to low carbon economies in developed and developing countries.   
Results

Some results of the comparison are tabulated as follows to draw lessons for energy and climate policy making 
	
	Model type
	Calculation method 
	Demand 
	Market assumption 
	behaviour  of energy market agents 
	Macroeconomic variables 
	underlying  assumptions on markets

	MARKAL 
	LP Optimization
Partial equilibrium 
	Iteration
dynamic optimisation 
	Exogenous, 

Disaggregate  into subsectors 
	Frictionless technology substitution, 

Perfectly competitive market, supply equals demand, 

Competitive energy market with perfect foresight  
	No oil producers strategies due to lack of explicit energy market 

Subjective judgement, with limits put on the maximum capacity of  certain technologies
	Oil prices are taken in exogenous manner; other variables remain unspecified
	Perfectly competitive , perfect substitutability between energy supply technologies 

	MARKAL-MACRO
	Dynamic Optimization
General equilibrium
	idem 
	Disaggregate  into subsectors, 

 Endogenous, price-responsive specified in elastic demand function (own price elasticity)  
	Idem 
	idem
	Aggregate consumption 
	Perfect competition, Elastic with respect to price, 

	TIAM
	Idem 
Partial equilibrium
	idem
	Disaggregate  into subsectors, 

Endogenous Elastic
	Idem 
	idem 
	Same as MARKAL/
TIMES 
	Idem 

	IMACLIM 
	Recursive simulation,  CGE 
General equilibrium
Comparative statics resulting from  equilibrium in each time step t 
	recursive

simulation 
	Satisfy utility and profit maximisation conditions;  

Endogenously determined by income, price,  environment-al
policies such as tax; 

infrastructure policies ; 
	Imperfect foresight due to agent’s myopic view, inertia is taken into account,  second-best solution
	OPEC countries have market power to influence the oil price

Oil exploration and extraction and discovered  capacity depends fundamentally on oil prices 

Also true for gas and coal 
	Labour productivity,
interest rates, 

savings rates,

revenue recycling and rigid labour market 
	Second best economy, imperfect competition on energy market, market failures and inertia are taken into account,

Rationality of decision making of agents is finite due to imperfect foresight (myopia) 


Conclusion
MARKALfamily models adopt an optimization doctrine minimising the system costs to satisfy a given demand for energy that is exogenously defined. It is suitable for energy planning, energy technology penetration analysis and emission mitigation costs evaluation when macroeconomic impacts are not the major concerns. However, the interaction between energy system and other economic sectors is largely being ignored or underestimated, though this gap is somehow mended in the MARKAL-Macro model.  Perfect foresight and costless substitution between technologies as a response to price changes are far from the reality. In this regard, IMACLIM’s modelling architecture turns out to be more robust to evaluate the long-term macroeconomic impacts of energy and climate policies since that economic variables are endogenous and imperfect foresight of economic agents is considered, this allows the modellers to simulate the policy consequences objectively without imposing subjective judgement on economic development prospect. In perspective, we look to make iterative dialogue between MARKAL and IMACLIM models which are complementary in terms of modelling advantages and a linkage in-between is useful for policy making recommendations.
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