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Overview

The cost, particularly for the new energy technologies in the market is not constant but will drop as experience is gained in production and use (BCG et al., 1968; Wene, 2000). This technology learning property is an important factor affecting the cost of the transition to a low greenhouse gas (GHG) emitting energy system (Edenhofer et al., 2006). Furthermore, it may also affect the technology composition of the global energy system (Rao et al., 2006). Taken together, local deployment reduces prices of the deployed technologies in the international markets, and stimulates further deployment of these technologies. 
Norway is a small open economy and the price of new energy technologies and thus the most cost efficient technology composition of the future Norwegian energy system, ultimately will be heavily influenced by the international market. While the system boundary of technology learning system may be global, the demand driving the cost reductions is a series of investments at the local level. Furthermore, the first investments are more costly than the latter. The EU through its use of standards and regulation may push the countries within the European Economic Area (EEA) to pay the high cost of the early learning cycles. 
The work presented is part of a study combining global technology learning, national implementation of EU-directives and feedbacks from other sectors of the national economy through soft-links with a national MARKAL model.  
Method
In order to study technology learning in a global-local perspective the input is received from the global Energy Technology Perspectives (ETP) model at the International Energy Agency (IEA, 2006). The ETP model has endogenous technology learning and determination of the price of fossil fuels. The different scenarios have a corresponding CO2 incentive. Consistency is sought in macro- and scenario parameters and a one way soft-link is established to exogenously input the effect of global technology learning and fossil fuel prices into the MARKAL Norway model.                
EU directives are to a large extent descriptive and thus leave a great deal of freedom for each member state to adapt the implementation to national circumstances. The pressure from the EU and thus the likely implementation scenario
 however will not be independent of the global scenarios. The EU-directives included in this study are those influencing energy efficiency and renewable energy policy. 
As technology learning in the model is mostly confined to new energy conversion technologies including small hydro electric power. Demand side technologies except a new building code have been constrained. Furthermore, the net annual import and export of electricity have been forced to zero.
The demand for energy is received from the macro-economic model of the Norwegian economy MSG 6 operated by Statistics Norway. The demand is expected to increase by about 70 % by 2050 compared to 2005 in a business as usual scenario (BAU).   
Results 

Hydroelectric power provides about 65 % of total energy consumption and almost all electricity in Norway today and will continue to be the main conversion technology as new large scale and small scale hydropower are preferred across the scenarios. These options are not sufficient however. In the BAU scenario gas power without CCS and the least costly wind power is used. Substantial support is needed for gas power with carbon capture and storage (CCS) to become a preferred option. The expected effect of global technology learning for the CCS technologies is less important than the price of natural gas at current and modeled levels. 
In the preliminary results the feed-in tariffs’ provided to wind power consistent with the implementation of EU-directives seems to have little or no effect. In the optimal solution there is shift towards increased use of thermal energy for heating in the first part of the time period. Furthermore, the remaining potential for deployment of large and “low cost” small hydro electric power is utilized in this period. 

There is a trend towards increased use of electricity as energy carrier and wind power as conversion technology when global technology learning is forced on the Norwegian model. When adding the global CO2 reduction incentive gas power without CCS is further replaced by wind power. The more costly offshore wind power is phased in 15 years earlier in the low emission ETP scenario and 25 years earlier when the high CO2 incentive is applied.
Conclusion
Global technology learning may influence the optimal composition of the Norwegian energy system in the time period up to 2050. The results indicate increased use of wind power in the later periods after significant price reductions in the international markets. The expected level of feed-in tariffs in the first part of the period seems to have little or no effect on the investments in wind power. In this optimal solution Norway would contribute little to the early learning investments needed to bring the cost of wind power down, beyond what is invested to date.     
References 

BCG, Boston, Consulting, Group, 1968. Perspectives on Experience  Second print 1970 ed.

Edenhofer, O., Lessmann, K., Kemfert, C., Grubb, M., Köhler, J., 2006. Induced Technological Change: Exploring its Implications for the Economics of Atmospheric Stabilisation. The Energy Journal Special Issue # 1.

IEA, 2006. Energy Technologies Perspectives, Scenarios and Strategies to 2050. OECD/IEA, Paris.

Rao, S., Keppo, I., Riahi, K., 2006. Importance of Technological Change and Spillovers in Long-Term Climate Policy. The Energy Journal Special issue # 1.

Wene, C.-O., 2000. Experience Curves for Energy Technology Policy. OECD/IEA, Paris.
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