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Overview

Investment planning models inform investment decisions and government policies. Current
models do not capture the intermittent nature of renewable energy sources, restricting the
applicability of the models for high penetrations of Renewables. We provide a methodology
to capture spatial variation in wind output in combination with transmission constraints. To
allow for the numerical calculation of an equilibrium investment path we have to restrict the
amount of wind data utilised within a model run. We use boot-strapping to test for the
sensitivity of our results to the limited input data — and show that results are robust. We
illustrate the potential of our new model under different scenarios and policy environments
and show the impact of regional transmission constraints on new build both in terms of siting
and technology choice.

Methods

Investment planning models simultaneously decide on the optimal investment and operation
of power plants to serve a predetermined electricity demand pattern throughout the modelling
horizon. They assumes rational and forward-looking agents to fulfil future demand with the
least-cost technology- and fuel choices. This is represented as a linear optimisation problem.
We integrate representation of wind data into this approach. After various experiments, first
trying to match the data with the multi-dimensional Weibull distribution, we decided on using
a subset of the historic data. The deterministic representation with 1024 dispatch scenarios per
modelling period only allows for a very restricted representation of the extended space of
regional wind output and demand situations. We use boot-strapping to test the robustness of
the results to the selection of historic wind input data.

Results

Our baseline case was able to simulate the new build levels up to 2020, given our initial
parameters and assumptions. We were able to assess the impact of wind power investment
costs, transmission constraints, regional considerations and CO2 prices as well as several
other key variables under various different scenarios. Figure 1 illustrates the extent and spatial
distribution of new build of both Wind power and Combine Cycle Gas Turbines.
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Fig. 1. Cumulative new build, by region



Fig 2. below illustrates the UK wide cumulative installed wind capacity that is modelled using
wind data for different weekdays. It indicates the extent to which the results are robust to the
choice of the weekday. We were also interested to what extend the spatial pattern that we
observe in our model results is robust towards our random choice of the weekday for wind
input data. We also calculate the range of volatility of the regional shares of wind build and
observed that new investment in wind power is again robust to changes in weekday wind data.
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Fig. 2: Robustness test, global installed wind capacity for different wind data

Our modelling of transmission constraints between regions allowed us to assess the impact of
an expansion of transmission capacity and it subsequent impact on technology choice and
spatial distribution of new investment as well as overall system costs. Table 1 shows the cost
savings that could be achieved in an optimal system if 1GW extra transmission capacity
would be available. The new system exhibits lower fuel and CO, costs as wind power
replaces conventional generation. The net effect is an average saving of 25milllion Euro/year.

2005 2010 2015 2020

Variable 9.1 -3.3 0.5 0
Fuel -146.1 -132 -128.3 -148.9
Capital 168.5 158.6 145.8 157.5
CcOo2 -37.6 -49.7 -41.8 -44.8
Total -24.3 -26.4 -24.0 -36.2

Table. 1: Changes of annual costs (in mill. Euro) if transmission capacity to Scotland were 1GW
bigger. (excluding costs of extra transmission lines)
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