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Abstract 

The effects of climate change on the national and region level of the Norwegian energy 
system is studied with the least cost optimization model TIMES-Norway. Ten climate 
experiments based on 5 different global models and 6 emission scenarios are used to 
cover the range of possible future climate scenarios. The climate impact on hydro power 
resources is essential, while the impact on wind power production is of less importance. 
The regional effects differs considerable, with a decrease in electricity production in the 
south and the largest increase in the west. Future energy demand has a major impact on 
both the fraction of renewable energy in Norway and on the possibilities for electricity 
export to Europe. Climate changes will decrease the end-use demand due to a reduced 
heating demand. In total, climate changes will reduce the energy system costs, will 
result in lower electricity production costs and will facilitate achievements of RES-
targets. 
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1. Introduction 

Current trends regarding energy and CO2 support the warnings sent by the United 
Nations Intergovernmental Panel on Climate Change [1]. In order to restrict the long-
term global average temperature rise to between 2.0 °C and 2.4 °C, reductions of at least 
50% in global CO2 emissions compared to the 2000 levels will be needed by 2050. 
Otherwise, the majority of the climate researchers agree that a higher temperature 
increase will affect future climate conditions. Some locations will be exposed to more 
floods, whereas other parts of the world will experience a dryer climate and reduced 
food supply.  

The future share of renewables is a goal in many policies. The EU Renewable Energy 
Directive (RES) [2] sets a target of increasing the share of renewable energy use in the 
EU from 8.5% in 2005 to 20% by 2020 in order to limit greenhouse gas emissions and 
to promote cleaner transport. The directive is implemented in Norway with a national 
target of 67.5% renewables in 2020. For many European countries it is envisaged that 
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the target will be met through shifts in the power sector. However, the Norwegian 
electricity sector is almost solely based on renewables, i.e. hydro and wind power. In 
addition to the overall target for renewables, the RES directive sets a target of 10% 
renewables for the transport sector. 

The electricity production in Norway is mainly based on hydropower. The hydropower 
production is dependent on the annual precipitation which fluctuates with stochastic 
behaviour. The annual potential of hydro power production in Norway was in 2010 
estimated to be 205 TWh. This is approximately 66% more than the existing production 
of around 124 TWh, however a large fraction of the potential (49 TWh) is restricted due 
to nature conservation, and can therefore not be utilized [3]. The climate effect on hydro 
resources is therefore important to include in analyses of the future Norwegian energy 
system and of national RES-targets. 

Since Norway has a long and windy coastline, the potential for electricity production 
from both onshore and offshore wind facilities is large. As of late 2011, the total 
installed wind capacity in Norway was 525 MW [4], corresponding to an electricity 
production of around 1.3 TWh. The total electricity production from thermal power 
plants was 4.8 TWh in 2011 [5]. In order to promote new renewable energy projects 
until 2020, the governments of Sweden and Norway have agreed on a common market 
for green certificates (GCM) [6]. By 2020, the new market mechanism is expected to 
generate 26.4 TWh electricity annually, where each country is financing 13.2 TWh. The 
system is neutral regarding renewable technologies, and the two countries share the 
same level of ambition regarding production increases of the common market. 
Implementation of the RES directive is an important condition for establishing the green 
certificate market. 

Norway has a cold climate with an annual energy use in the household and commercial 
sectors of approximately 80 TWh, where roughly half of this is used for space heating 
[7]. Traditionally, electricity has been relatively inexpensive and is therefore widely 
used for space heating. The electricity share of total energy use in households has varied 
between 72% and 79% for the last 20 years [8].  

This paper describes how a technology-rich optimisation model can be used to analyse 
how climate change will affect the composition of the Norwegian energy system. A 
brief overview of the Norwegian energy system and the EU Renewable Energy 
Directive is given in chapter 1. Chapter 2 describes the methodology, the various 
climate experiments and the TIMES-Norway model, whereas the  impact of climate 
change on the energy system parameters are given in chapter 3. Scenario assumptions 
are included in chapter 4. The model results are presented in chapter 5 and discussed in 
chapter 6. Concluding remarks are given in chapter 7.  

2. Methodology 

2.1 Methodology Overview 

The overall objective of this work is to identify the effects of climate change on the 
renewable energy production in Norway towards 2050, both on a national and regional 
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level. More specifically, the influence on climate change on renewable resources and 
renewable energy production is addressed. Present and future climate data, including 
temperature, solar radiation, wind precipitation, for selected locations in Norway, based 
on six emission scenarios, are provided by the Norwegian Meteorological Institute. The 
impact of climate change is evaluated with an energy system model, TIMES-Norway, to 
analyse the cost optimal energy system of the future. The climate effects on bio 
resources and end use demand is not included in this study.  

Emissions from the energy system model are not linked to the climate model data. For a 
small country like Norway, a linkage between the energy model and the global climate 
model is assumed to be unnecessary, since Norwegian emissions contribute a minor part 
of the global emissions. However, such a linkage should be considered when applying 
this methodology to larger countries or regions.  

2.2 Climate Data 

Ten acknowledged climate experiments developed by different climate centres are used 
in this study. The experiments are summarised in Table 1. More information regarding 
the climate models and emission scenarios can be found in [9].  

Table 1: Climate experiments with characteristics 

Exp. 
no Centre Climate 

model 
Emission 
scenario 

Scenario 
characteristics 

Increase 
in CO2 

emissions 
1990-
2100 

1 Max Planck Institute, 
Germany ECHAM4 IS92a 

Business as usual 
(medium/high growth in 
population, low growth 
in GDP) 

174% 

2 Max Planck Institute, 
Germany ECHAM4 SRES B2 

Medium growth in 
population, GDP, energy 
use 

98% 

3 Hadley Centre, UK HadAM3H SRES B2 
Medium growth in 
population, GDP, energy 
use 

98% 

4 Hadley Centre, UK HadAM3H SRES A2 

High growth in 
population and energy 
use, medium growth in 
GDP 

386% 

5 Bjerknes Centre, 
Norway BCM v1 CMIP2 1% annual CO2 increase 270% 

6 Bjerknes Centre, NO BCM v1 CMIP2 1% annual CO2 increase 270% 

7 Bjerknes Centre, NO BCM v2 SRES A1B 

Low growth in 
population, very high 
growth in GDP and 
energy use 

98% 

8 University of Oslo CAMSOslo 1.63 × CO2 
 Not a 

transient run 

9 Max Planck Institute, 
Germany ECHAM4 SRES B2 Exp. 2 with 25 × 25 km2 

grid 98% 

10 Max Planck Institute, 
Germany ECHAM4 IS92a Exp. 2 with 25 × 25 km2 

grid 174% 
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From 1990 to 2100 the CO2 emission increase varies from 98% (B2 scenario) to 386% 
(A2 scenario). With a given CO2 emission and concentration, the estimated global 
temperature change is dependent on the climate model used. The various emission 
scenarios represent a wide range of possible CO2 emissions. In this study the focus has 
been on Exp. 3 and Exp. 4, since they represent the extremes of the future climate 
conditions, and also on Exp. 9 since this experiment represents the most significant 
change of hydro resources. In addition, the climate change experiments are compared to 
a Base scenario, representing no climate change.  

2.3 Renewable Resources 

The climate effect on wind and hydro resources are studied. For the experiments in 
Table 1, the wind resources are evaluated by comparing the average wind speed data in 
the control and scenario period. Additionally, the minimum and maximum wind speeds 
are studied because an increase in very high or low wind speeds can reduce the 
operation time of a wind turbine.  

Changes in precipitation, and the effect on useful hydro inflow, are studied for the 
various climate experiments. The Multi-Area Power Market Simulator (EMPS) [10], a 
model to optimise and simulate hydrothermal power system, is used to convert the 
precipitation data to useful hydro inflow. The model also takes into account existing 
hydro power capacity and flooding. To obtain a detailed analysis of the useful hydro 
inflow at a regional level, temperature and precipitation data are interpolated to a 1× 1 
km2 grid covering Norway. The procedure is described in more detail in [11, 12].  

2.4 Energy System Modelling 

2.4.1 Structure 

The TIMES-Norway model is used to analyse the impact of climate change on the 
Norwegian energy system. The Integrated Markal Efom System (TIMES) is a bottom-
up techno-economic model generator for local, national or multi-regional energy 
systems [13]. It comprises a technology-rich basis for estimating energy dynamics over 
a long-term, multi-period time horizon, and gives a detailed description of the entire 
energy system including all resources, energy production technologies, energy carriers, 
demand technologies and demand sectors. The model assumes perfect competition and 
perfect foresight and is demand driven. Thus the forecasted energy demand has to be 
given exogenously to the model, and the TIMES model aims to supply energy services 
at minimum global cost by making equipment investments, as well as operating, 
primary energy supply and energy trade decisions. 

The structure of the TIMES-Norway model is illustrated in Figure 1. The demand for 
various energy services, energy price information and resource costs and availability are 
given exogenously to the model. On the energy supply side, several conversion 
processes are represented in detail; e.g. electricity and heat production. Transmission 
and distribution include high and low voltage grids, as well as district heating. Energy 
carriers used as industrial feed stock (such as natural gas in chemical industry) are 
included as non-substitutable energy carriers with corresponding CO2 emissions. 
Energy efficiency measures are modelled as investment options with several costs 
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classes and potentials. Transportation by passenger cars is modelled with 17 different 
technologies, including hybrids, battery electric vehicles, fuel cell vehicles, plug-in 
hybrids and internal combustion engine vehicles. 

 
Figure 1: Principal drawing of the TIMES-Norway model 

The base year of the model is 2006 and the horizon is to 2050. The time resolution 
covers all weeks during each year with five time slices per week, giving 260 time slices 
annually. TIMES-Norway covers seven regions in Norway with exchange of electricity 
between regions and with neighbouring countries. The capacity of the power exchange 
in the existing high voltage grid between adjacent regions and countries is shown in 
Figure 2, and from 2012 it is possible to invest in new grid capacity between 
regions/countries (dashed lines in Figure 2).  

Potentials of renewable resources are given as input to TIMES-Norway. The resources 
of different types of biomass are constant throughout the analysing period and are in 
total 37 TWh/year. Biooil, biodiesel and bioethanol are not produced in the model, but 
can be imported with unlimited volumes and biogas is not yet included. There are no 
restrictions in replacing the use of fossil oil with biooil. The use of biocoal and biocoke 
is limited to substitution of 80 % of the fossil coal and coke in the production of 
ferroalloys [14]. Biodiesel is assumed to be mixed with fossil diesel for use in road 
traffic with a minimum of 5 % and a maximum of 20 %. 
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Figure 2: The regions of TIMES-Norway and existing exchange capacities in MW 

between regions and countries 

2.5 Energy End Use Demand 

2.5.1 Structure 

Energy demand is given exogenously to the model and available elastic demand 
functions in TIMES are not used. However, when energy prices increase, the model 
may choose to invest in energy efficiency measures which again reduce the energy 
consumption, which is one of the two mechanisms captured in the elastic demand 
(substitution and income effect). In order to investigate the substitution effect with 
technology shifts in the model it is decided not to use the elastic demand functionality.   

In total, there are between 75 to 78 end use demand categories in each of the seven 
regions. Each demand sector is divided into sub sectors and demand types; electricity, 
heat, cooling and raw material. In total, the model consists of 534 annual demand data.  

The model has a wide range of demand sectors, where especially the industry is 
modelled in great detail. Since the electricity demand in a few large manufacturing 
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industry plants are almost at the same level as the entire building sector (residential and 
service together), parts of the industry sector are modelled on a plant level. In general 
the industry is divided into pulp & paper, aluminium, other metal production, chemical 
industry, refineries and other industry. The majority of the energy intensive industrial 
plants are modelled as individual units, whereas the remaining plants within each 
industrial subsector are modelled as a group. The commercial sector is modelled as 
eight sub-sectors and the residential sector consists of five sub-sectors. Additionally, 
there is agriculture and transport divided into eight sub-sectors. 

Load profiles are developed for all the 534 demand data described above. A major 
challenge was to develop load profiles to match each sectors electricity and heat 
demand for each hour of the year. In the literature several load profiles are available, but 
none of these could fit directly into the sectors or time resolution chosen for the model. 
Therefore, the load profiles had to be developed especially for TIMES-Norway. The 
main motivation for having a high time resolution is to investigate the use of electricity 
at each time slice. Therefore, the load profiles are of greatest interest in the sectors 
where electricity is consumed. 

2.5.2 Energy Demand Forecast 

The forecast of energy demand in industry, households and services is based on analysis 
of historical drivers and indicators in combination with knowledge and assumptions of 
the future of each sector. Major macro-economic projections are based on the White 
Paper to the Government No. 9 (2008-2009) [15]. For the Base scenario, the demand of 
useful energy for stationary use will increase in all regions as shown in Figure 3. The 
growth rate is highest in East and South and in total the growth is 18% according to this 
forecast.  

The future demand for transport is based on the national transport plan in the White 
paper No. 16 2008-2009 [16]. The development in the different regions of TIMES-
Norway is the same as for the whole country, expect for freight and cars. The total 
increase in use of cars will be 58 % while the increase in population only will be 42 % 
toward 2050, according the sources used for this projection. The population growth per 
region is used to calculate the future demand of vehicle-km by cars. The regional 
development of the freight sector is calculated based on data from a study of the 
Institute of Transport Economics [17]. 
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Figure 3: Projection of useful energy for stationary use in 2006 and 2050 

3. The Impact of Climate Change on the Energy System Parameters 

3.1 Electricity Production 

The future increase in the Norwegian hydro power potential varies widely from the 
different climate experiments, varying from 3.7% for Exp. 4 to 13.5% for Exp. 9*. The 
impact of climate change is larger for the scenarios that are adjusted with a hydrology 
model (Exps. Marked with *). Although the mean precipitation in Norway is expected to 
increase for most regions and seasons, on average, the variability between individual 
scenarios is large.  

The climate effect on the precipitation level does not show a clear relation to the CO2 
concentration (or temperature level). The experiment with largest CO2 emissions has 
actually the smallest increase in hydro inflow. The direct consequences of climate 
change can be difficult to understand due to the complexity of the hydrological system. 
More precipitation gives more inflow, but higher temperatures give less inflow due to 
increased evaporation. The possibility of extreme events in a system, with an enhanced 
hydrological cycle, needs to be more fully understood.  

The change in hydro inflow is determined for the seven regions shown in Figure 2. The 
impact of climate change on the hydro resources is dependent on the geographical 
location, as shown in Figure 4.  
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Figure 4: Change in hydro inflow [%] in different Norwegian regions from control to 

scenario period 

According to the experiments, the percentage change in hydro resources will be largest 
in the West and in the North. The high increase in the West is beneficial because the 
largest part of the Norwegian hydropower production is located in the western part of 
the country.  

Climate change will also result in a larger share of flooding because it is not possible to 
utilise all the increased precipitation with the existing and potential new hydro 
reservoirs. In the experiments, the flooding losses increase by 3-9 TWh due to climate 
change. However, upgrading the hydro plants can reduce the flooding losses to some 
extent. The climate change experiments indicate a drier summer period and a wetter 
climate for the rest of the year. Figure 5 shows the projected hydro resources, with and 
without impact of climate change, for three selected climate experiments. In the Base 
scenario (without climate change), the hydro power potential is 145 TWh in 2050. The 
studied climate scenarios result in an additional 5-31 TWh per year.  
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Figure 5: Projected hydro resources [TWh] with and without impact of climate change 

The changes in the average climate model wind speeds, from the control to the scenario 
period, are rather small for all experiments at all locations. The change in absolute wind 
speed is, on average, less than 0.1 m/s, and the monthly maximum value is 0.35 m/s. 
More detailed information regarding the change in wind speed for the various 
experiments can be found in [9]. In the TIMES-Norway model, it is assumed that the 
wind resources are not increased due to climate change.  

3.2 Energy End Use Demand 

The effect of climate change on the temperature at different Norwegian locations were 
analysed to vary from a monthly increase of 0.5°C to 4°C with different climate 
scenarios. The solar radiation levels both increased and decreased depending on location 
and time of the year. This results in a decreased Norwegian heating demand of 
approximately 9 TWh in 2050, corresponding to a decrease of approximately 15% of 
the heating demand of buildings [9]. The effect on the cooling demand was less; a 
calculated increase of approximately 0.4 TWh in 2050. 

The total end-use demand in 2050 is in the Base scenario calculated to 183 TWh and a 
reduced demand of heating in combination with an increased demand of cooling will 
decrease the total end-use demand by about 5%. Compared with the large uncertainty of 
future energy demand, this decrease due to climate change is relatively small. The effect 
of energy efficiency measures implemented in [9] was three times higher than the 
climate effect on space heating, illustrating the complexity of forecasting energy end-
use demand. The important message from the climate change study is that it does affect 
the demand of space heating, but this effect could also be included as an uncertainty of 
the forecast or by analysing a set of different end-use forecast scenarios, as is done here. 
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4. Assumptions and Scenarios 

4.1 Base Scenario 

The BASE scenario of this study includes active national measures of today such as the 
green certificate market and present policy measures of Enova such as investment grants 
for renewable heat production [18]. Investments through the GCM are possible from 
2012 to 2020, with a cost of certificates until 2035. The future of the Enova measures is 
uncertain and here it is assumed that the support is valid from 2006 to 2020. The CO2 
market price is included as a CO2 tax in the analyses. This simplification is justified by 
the limited impact of the EU CO2 market on the Norwegian energy system. The energy 
taxes are kept constant at the 2010 level. 

The development in energy prices are corresponding to the Current Policy Scenario of 
[19], with an increase of crude oil from 78 USD/barrel in 2010 to 149 USD/barrel in 
2050. The price of imported bio energy such as biocoal, biooil, biodiesel and bioethanol 
are set slightly higher than the price of the corresponding fossil fuel (with taxes), as 
shown in Figure 6.  

The prices of electricity exports/imports are given exogenous to the model. The trading 
prices are based on the prices of the Nordic ETP [20]. The various price profiles for 
each of the 260 time-slices per year are calculated based on historical prices. 

By 2020, the new market mechanism GCM is expected to generate 26.4 TWh electricity 
annually, where each country is financing 13.2 TWh. The price of electricity certificates 
is determined by supply and demand. A simplified version of the GCM market is 
implemented in the TIMES-Norway model. Here, the production technology of 
renewable electricity receive a subsidy of 250 NOK/MWh until 2035, simulating a 
certificate price, whereas the electricity consumers experience an additional tax of 20-42 
NOK/MWh in the period 2012-2035.  
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Figure 6: Selected energy prices in 2010 [NOK/MWh] 

4.2 Climate Change Scenarios 

The TIMES-Norway model is used to analyse how climate change will affect the 
composition of the energy system including the use of renewable resources, the import 
and export of fossil fuel products, the production of electricity and heat, the fuel 
consumption in the transportation and industry sector and on the electricity export. The 
study encompasses the entire energy system and the results of electricity production, 
electricity export and transportation are presented in chapter 5. 

4.3 End Use Demand Sensitivities 

Useful energy demand is an important input to the TIMES-Norway model and the effect 
of variations in demand is studied through analyses with different demand sensitivities. 
The selected sensitivities include a high increase in demand all over the country, a 
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significant decrease in demand and two variants with increased demand in some 
regions, see comparison in Table 2. The focus is to study the effects of variations in 
stationary energy use, and thus changes in transportation are not included. The various 
end use demand sensitivities are optimised with and without the climate change 
scenarios, and the results are presented in chapter 5.  

Table 2: Comparison of different sensitivities as increase/decrease of stationary energy 
demand in 2050 compared to the base scenario (+/- TWh/year) 

Variants  Base V1 V2 V3 V4 

   High 
population 

Low 
industry 
demand 

Electri-
fication 
offshore 

Industry 
clusters 

Year 2006 2050 2050 2050 2050 2050 

Industry 781 78 0 -22 +6 +6 

Residential 44 56 +12 0 0 +2 

Service & 
other 

32 49 +14 0 0 +2 

Total 154 183 +26 -22 +6 +10 

5. Results 

5.1 Electricity Production 

The analyses show that electricity will be produced by hydro and wind power and that 
the future electricity production mix will be totally renewable. The climate effect on the 
Norwegian electricity production is mainly caused be the increased hydropower 
potential. As seen in Figure 7, the electricity production is higher for all the climate 
change scenarios compared to the Base scenario. For all scenarios the hydropower 
potential is fully utilised. One consequence of increased hydro inflow is reduced 
investments in offshore wind. The base scenario without climate change effects has an 
electricity production of around 15 TWh in 2050 from offshore wind plants, and the 
production from offshore wind plants is considerable lower for the various climate 
scenarios.  

                                                 
1 Excl. raw material 
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Figure 7: Electricity production [TWh] in Norway for the various climate scenarios 

(Ref = without climate change effects) 

Table 3 summarises the electricity production per region for the various climate change 
scenarios and end use demand sensitivities. From the results, it is clear that climate 
change increases the electricity production from the reference case, independent on the 
various end use demand sensitivities (variant 1-4). The actual increase, is however, 
strongly dependent on the end use demand. The maximum electricity production occurs 
for the combination of Exp. 9* and end use demand variant 1 (high population), 
reaching 183.9 TWh in 2050. The minimum electricity production occurs for end use 
demand variant 2 (low industry demand) without climate change effects, reaching 145.2 
TWh in 2050. 

The regional impact of climate change is partial major. In Region South the electricity 
production decreases in all the climate scenarios and with all the demand variants, at the 
most with one third of the regional electricity production. Most of the other climate 
scenarios and demand variants results in an increased electricity production. The 
increase is highest in Region West, where more precipitation increases the already high 
hydropower production with at the most 14 TWh. The electricity production of Region 
West increases with climate changes in all energy end-use demand variations. The 
increase in electricity production as an effect of climate change is also substantial in 
Region North, in all but the high population variant V1, since the electricity production 
already is high in this case. In Region Finnmark, climate change in combination with 
increased demand results in decreased electricity production, while decreased demand 
has no effect. 
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Table 3: Electricity production [TWh] per region in 2050 for all climate change 
scenarios and end use demand sensitivities 

 

Figure 8 illustrates the electricity production in 2050 for the Base scenario with various 
climate change scenarios. For Exp. 3*, investments in offshore wind technologies are 
almost eliminated, and for Exp. 9*, the electricity production is solely based on 
hydropower. As seen, the maximum production for six out of seven regions occurs in 
Exp. 9*. However, for the South region, the maximum electricity production is in the 
Base scenario without climate change effects. The reason for this is significant 
investments in offshore wind facilities.  

Scenario\Region South Central West East Middle North Finnmark Total
Base: Ref [TWh] 33.5 22.5 50.2 13.0 15.6 23.8 1.9 160.3
Exp 3* - Ref [TWh] -11.4 1.4 4.5 1.8 0.9 3.6 0.0 0.7
Exp 4* - Ref [TWh] -8.2 -0.2 2.6 1.4 0.6 4.5 0.0 0.7
Exp 9* - Ref [TWh] -10.6 2.5 12.2 2.5 3.0 2.1 0.1 11.6
Variant 1: Ref [TWh] 36.2 22.5 50.8 13.0 16.5 28.9 3.2 171.0
Exp 3* - Ref [TWh] 1.0 1.4 6.1 1.8 0.0 -1.5 -0.4 8.3
Exp 4* - Ref [TWh] 0.0 -0.2 4.1 1.4 -0.4 -0.6 0.0 4.4
Exp 9* - Ref [TWh] -6.2 2.5 11.5 2.5 2.0 1.8 -1.2 12.9
Variant 2: Ref [TWh] 20.6 22.5 47.9 13.0 15.6 23.8 1.9 145.2
Exp 3* - Ref [TWh] 1.0 1.4 6.7 1.8 0.9 3.6 0.0 15.4
Exp 4* - Ref [TWh] 0.0 -0.2 4.8 1.4 0.6 4.5 0.0 11.1
Exp 9* - Ref [TWh] 2.3 2.5 14.4 2.5 3.0 6.9 0.1 31.5
Variant 3: Ref [TWh] 36.2 22.5 50.2 13.0 15.6 23.8 3.2 164.3
Exp 3* - Ref [TWh] -9.4 1.4 5.5 1.8 0.9 3.6 -1.3 2.5
Exp 4* - Ref [TWh] -7.2 -0.2 4.8 1.4 0.6 4.5 -1.3 2.7
Exp 9* - Ref [TWh] -13.3 2.5 12.2 2.5 3.0 6.9 -1.2 12.4
Variant 4: Ref [TWh] 36.2 22.5 50.2 13.0 15.6 23.8 3.2 164.3
Exp 3* - Ref [TWh] -8.3 1.4 6.7 1.8 0.9 3.6 -1.3 4.8
Exp 4* - Ref [TWh] -5.0 -0.2 4.8 1.4 0.6 4.5 -1.3 4.8
Exp 9* - Ref [TWh] -13.3 2.5 12.2 2.5 3.0 6.9 -1.2 12.4
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Figure 8: Electricity production [TWh] per region in 2050  

5.2 Electricity Export 

Increased hydro resources result in lower Norwegian electricity production costs and a 
higher net electricity export. Figure 9 depicts the net electricity export in 2020, 2030, 
2040 and 2050 for Exp. 3*, Exp. 4*, Exp. 9* and Ref (without climate change effects). 
For the reference case, the net electricity export declines from 5.3 TWh in 2020 to 4.0 in 
2050. Exp. 3* and Exp. 4* reaches a maximum export in 2030, at respectively 8.7 and 
7.0 TWh, before declining towards 2050. Exp. 9* has an increasing net export towards 
2050, reaching a maximum value of around 18.3 TWh. Consequently, climate change 
effects alter both the volume of the export, as well as the location of the vertex. 
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Figure 9: Net electricity export [TWh] for the various climate scenarios (Ref = without 

climate change effects) 

The net electricity export for all scenarios and sensitivity variants is shown in Table 4. 
The maximum net export is found for the combination of Exp. 9* and end use demand 
variant 2 (low industry demand), reaching 33.8 TWh in 2050. A net export of 0 TWh is 
found for several combinations of climate scenarios and end use demand sensitivities.  

Table 4: Net electricity export [TWh] for all scenarios and sensitivity variants 

 

5.3 Renewable Fraction 

The renewable fraction is calculated in accordance with the EU Directive, and the result 
is shown in Figure 10 below. The sum of renewable electricity production, renewable 
heat production and direct use of bio energy in the transport sector is the numerator in 
the fraction. The denominator is represented by the sum of the energy end use in the 
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2020 2030 2040 2050

Base V1 V2 V3 V4
2020 Ref [TWh] 5.3 2.7 9.4 1.2 0.0

Exp. 3* - Ref [TWh] 2.0 1.9 2.4 2.0 1.7
Exp. 4* - Ref [TWh] 1.4 1.4 1.8 1.4 1.1
Exp. 9* - Ref [TWh] 4.0 4.0 4.9 4.0 3.6

2030 Ref [TWh] 2.8 0.0 10.0 0.0 0.0
Exp. 3* - Ref [TWh] 5.9 2.3 6.2 3.0 2.8
Exp. 4* - Ref [TWh] 4.2 0.8 4.5 1.5 1.4
Exp. 9* - Ref [TWh] 12.3 8.3 12.8 8.9 9.0

2040 Ref [TWh] 2.9 0.5 7.1 2.4 3.0
Exp. 3* - Ref [TWh] 3.1 3.0 9.2 0.5 0.0
Exp. 4* - Ref [TWh] 0.4 3.0 6.5 0.5 0.0
Exp. 9* - Ref [TWh] 13.2 3.3 20.8 7.9 6.8

2050 Ref [TWh] 4.1 0.0 6.0 1.5 0.0
Exp. 3* - Ref [TWh] 0.5 1.3 13.5 2.4 4.2
Exp. 4* - Ref [TWh] 0.6 0.0 8.9 2.6 4.3
Exp. 9* - Ref [TWh] 14.3 5.0 27.8 10.7 11.1
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stationary and transport sector and miscellaneous losses (e.g. transmission losses). As 
seen, the 2020 target of 67.5% is reached for both the Base scenario (without climate 
change effects) and all the climate change scenarios. This shows that the implemented 
national measures (GCM, Enova investment grants, etc) for reaching the renewable 
target in 2020 are successful.  

For all the scenarios in Figure 10, the renewable fraction reaches its maximum around 
2030. The reason for this is that most of the investments in new power plants take place 
between 2015 and 2030. After 2030, the energy use in the stationary and transport 
sector increase considerably more than the corresponding increase in the numerator. 
This clearly demonstrates the need for additional measures after 2030 in order to 
maintain a high renewable share.  

 
Figure 10: Renewable fraction [%] for the various climate change scenarios 

However, the energy end use demand is equal for all the scenarios in Figure 10. If 2020 
is a relatively cold year, the annual energy use in the household and commercial sectors 
will increase by more than included in the Base scenario. Consequently, the 
denominator will increase; giving a lower renewable fraction. This demonstrates the 
importance of the end use demand on the renewable fraction.  

The renewable fraction for all sensitivity variants are shown in Figure 11. A decreased 
energy demand as in variant V2 will result in a higher renewable fraction mainly due to 
the fact that exports of renewable electricity increases at the same time as the 
Norwegian energy use decreases. An increased energy demand as in variants V1 and V4 
results in a lower renewable fraction in 2020 but the effect on a longer term is less. The 
energy demand of buildings increase even in the low energy demand variant V2, 
resulting in a lower renewable fraction on a long-term. 
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Figure 11: Renewable fraction [%] of all the sensitivity variants 

5.4 Transportation 

The renewable transport fraction is calculated in accordance with the EU Directive, and 
the result for the Base scenario (without climate change effects) is shown in Figure 12 
below. As seen, the 2020 target of 10% renewable transport is not reached for the Base 
scenario. The national fraction is only around 5.5% in 2020, and the result does not 
change for neither the climate experiment scenarios nor the end use demand sensitivity 
variants. This means that additional policies need to be implemented in Norway in order 
to reach the renewable transport target. However, 10% renewable transport is reached 
around 2022, and the renewable transport fraction reaches its maximum around 2040.  

As seen in Figure 12, the differences from region to region are quite large. South and 
especially East are densely populated, and because of this, have a higher demand for 
public transport services. The results show increased public transport based on train and 
underground. The results show also a significant increase in the use of electricity in both 
battery electric vehicles and plug-in hybrid vehicles in these two regions. The Central 
region is densely populated around the coast, and has therefore some of the same 
characteristics as the South and East regions, i.e. increased use of electricity in both 
public transportation and personnel vehicles. These three regions have the highest 
renewable transport fraction in 2050, ranging from 29-38%.  

The trend regarding the future transport system is exactly the same in the West and 
Middle region. Due to the availability of natural gas in these regions, hydrogen is 
produced by SMR2 and hydrogen vehicles are introduced between 2030 and 2040, and 
consequently, reduce the renewable transport fraction since electric vehicles are 
replaced. The results also show a smaller increase in public transport based on rail and 
underground compared to the South, Central and East region.  
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The North region has a totally different trend regarding the future transport system. Due 
to a limited increase in an already relatively small population, the change in public 
transportation services is negligible. However, there is some increase in the use of 
electricity in both battery electric vehicles and plug-in hybrid vehicles. The Finnmark 
region has almost the same characteristics as the North region, but chooses hydrogen 
vehicles due to availability of natural gas, and consequently, obtains a lower transport 
fraction.  

For all the scenarios (and all regions), the diesel consumption increases heavily towards 
2050, while the gasoline consumption decreases. At the same time, the use of biodiesel 
increases due to blending with fossil diesel.  

 
Figure 12: Renewable transport fraction [%] per region for the Base scenario (without 

climate change effects) 

6. Discussion 

Most of the investments in new power plants will take place between 2015 and 2030, 
resulting in a maximum of the renewable fraction around 2030. The energy use 
continues to increase after 2030, while the increase in renewable energy is less. This 
clearly demonstrates the need for additional measures after 2030 in order to maintain a 
high renewable share.  

The future renewable fraction of transport differs considerable in the seven regions. In 
regions with industries based on a natural gas infrastructure, natural gas is available at a 
lower cost than in regions without this infrastructure. The natural gas infrastructure is 
the basis of hydrogen production from SMR and a result of the analyses is that under 
these circumstances hydrogen vehicles are the most profitable. This will of course 
highly depend on the assumptions of technology development (investment costs, 
efficiencies etc.) of all cars and energy conversion technologies and the energy costs of 
natural gas and electricity. The large differences between the regions illustrate the 
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importance of these parameters and that different developments of personal vehicles are 
possible. A future with different infrastructure of cars in the Norwegian regions is not 
likely, and further analyses will be done to improve the study. In addition, the 
Norwegian transport sector has limited influence on the automotive industry, implying 
that global development will strongly influence the future Norwegian transport system 
regarding choice of vehicle technologies.  

The climate change study has identified a significant impact on the heating demand, and 
in this paper it is included as an uncertainty of future energy demand. Further analyses 
can model this effect in more detail and thus clarify the importance of climate change 
on the entire energy system. 

The results from the scenario analyses show an increase in hydro and wind power (for 
some scenarios) production in Norway towards 2050. There is a considerable potential 
for increased electricity production from various renewable technologies in Norway. An 
economic factor that may reduce the investment level of new renewable power capacity, 
is obviously, the uncertainty of future energy prices and demand for electricity. In the 
model the demand for energy services and energy prices are known for the entire 
modelling horizon (perfect foresight), thus model results could be too optimistic with 
respect to investment level. In addition, the import and export electricity prices are 
given exogenously to the model. The price of electricity produced within Norway is 
determined endogenously by the model, based on the demand, available resources and 
technologies in each region. The model results are dependent on the exogenous 
electricity prices in the trading countries. Also, it is assumed that the electricity 
import/export prices are unaffected of the Norwegian energy system. To improve 
modelling of trade, the trading countries can be included in the TIMES-Norway model 
as separate regions. This will capture the dynamics and interaction between Norway and 
its trading countries.  

IEA calculates the export of electricity from the Nordic countries to be from 40 to100 
TWh in 2050 [20]. The analyses with TIMES-Norway results in an electricity export 
from Norway of 0 to 34 TWh in 2050, highest with low domestic demand and high 
precipitation increase due to climate changes. The export volumes are also very 
sensitive to the exogenously given electricity prices. 

As shown in chapter 5.3, the share of renewable energy for transport is around 5.5% in 
2020, considerably below the target of 10%. This clearly demonstrates the need for 
additional measures in the transport sector in order to reach a high renewable share. 
Electric vehicles will play some part in achieving the 2020 transport target, and the 
TIMES-Norway model actually underestimates the investments in battery electric 
vehicles. There are existing policies in Norway that allow electric vehicles to drive in 
the bus lane, have free parking in public areas and use toll roads for free. These 
measures are not included in the TIMES-Norway model due to the difficulty of 
quantifying such effects. Consequently, in 2012, electric vehicles made up 3.5% of the 
total sales of passenger cars in Norway. Increasing the blending of biofuels into fossil 
fuels is another option that will increase the renewable transport share.  
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7. Conclusion 

The most important impact of climate change on the Norwegian energy system will be 
increased hydro inflow, and consequently, increased electricity production from 
hydropower. The studied climate change experiments will have a limited impact on the 
wind power potential. The possible total direct consequences of climate change will be 
reduced energy system costs and lower Norwegian electricity production costs.  

The net electricity export will increase independent of the end use demand if climate 
change effects are included. The maximum net export is found for the low industry 
demand variant with climate experiment number 9*, reaching 34 TWh in 2050.  

The Norwegian target for the share of renewable energy in 2020 is 67.5%. Today, the 
Norwegian power production is almost solely based on renewable resources. Analyses 
with the TIMES-Norway model show that it is possible to achieve the overall RES 
target in 2020. However, the importance of the end use demand on the renewable 
fraction must not be neglected. A decreased energy demand will result in a higher 
renewable fraction mainly due to the fact that exports of renewable electricity increases 
at the same time as the Norwegian energy use decreases. An increased energy demand 
results in a lower renewable fraction in 2020 but the effect on a longer term is less. 

Climate change will have a high impact on both hydropower production and on heating 
demand, both of major importance in Norway, facilitating export opportunities to 
Europe. The consistent trend in the results supports the conclusion that the impact of 
climate change should be considered in future investments in the Norwegian energy 
sector.  
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