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Overview

The 3x20 objectives present many challenges for the European power sector evolution. Regarding supply, support policies are required to reach 20% of renewables  in 2020, which is against the current liberalization of European electricity markets favoring the most profitable investments. Regarding demand, the net impact on power demand of the 20% energy efficiency improvement objective depends on the likely energy substitution to electricity with new uses like electric vehicles.
Beyond this, considering the adequacy between supply and demand is critical to reach the 3x20 objectives. The development of low carbon power sectors requires energy efficiency and demand side management to smooth the electricity load duration curve as peak demand is mostly satisfied with fossil energy. The energy mix evolution with penetration of intermittent supply must also guarantee power delivery anytime, causing a deep modification of spot prices that impacts investments profitability and consumer welfare.
A 3x20 scenario with demand-side management and energy efficiency and renewables support policies is implemented. Results show that the load duration curve evolution impacts investment and the induced energy mix, in the power generation sector. At the macroeconomic level, we examine the impacts on electricity prices, and thereby, on other productive sectors and consumption.
Methods

The Imaclim-Elec model addresses these challenges with the representation of :

· an hourly demand to model the consistency between end-uses evolution, energy efficiency and load duration curve - a detailed description of the technologies

· the investment dynamics considering both renewables support policies and liberalization

· spot prices reflecting the adequacy of supply and demand and remunerating realized investments.
Imaclim-Elec is a dynamic recursive model, explicity representing generations of power units, for each technology. Investors choose to invest according to various profitability ranking and risk criteria. Besides, Imaclim-Elec is integrated to a general equilibrium model to assess interactions with the economic system particularly investment eviction due to the power sector and the impact of electricity prices on consumer demand.
This framework is applied to France that presents many specifics : i) a large nuclear park ii) a load duration curve characterized by high peak load due to electric heating iii) a large wind potential iv) an electricity market integrated with Germany.

Results

The hybrid nature of our model enables us to build a consistent technological and economic framework to analyse climate policies. Indeed, the construction of a 3x20 scenario with demand-side management, energy efficiency and renewables support policies is implemented.
Results show that the load duration curve evolution impacts investments and the induced energy mix, in the power generation sector. In fact, some measures can lead to a massive electrification of the economy, thus implying great investment needs. 

The impacts of investment in the electricity sector is linked to the macroeconomy, via electricity prices, fuels demand and investments need. We analyse the impact of various climate policies on the different producing sectors and households.
Conclusions

What is most important is how the load duration curve evolves. If base demand increases, thus investment in base generation technology will lead the analysis to examine the competition between wind, nuclear, coal or gas. When peak demand increases, then, because of the supply-demand adequacy, peak power generation units will be needed, triggering investment in gas or fuel generation units, raising spot prices and greenhouse gases emissions.
Wind and solar technologies investments implies a lowering of electricity spot prices, as well as an increase in their volatility and the resulting energy mix is profoundly altered.

Depending on policies and global contexts, the macroeconomic determinants withhold profound alterations, one of the main being the lowering of electricity spot prices, while their volatility increases, when wind power becomes important. Investment needs can lead to investment eviction from other sectors, therefore the impact on the whole economy is discussed.
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