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+統合費用Ueckerdt原論文より引用
n That does not mean that optimal shares of VRE are low in 

particular when negative externalities like climate change 
and further benefits of VRE are internalized. 
n 【安田仮訳】このことは最適なVREシェアは低いことを意味するものでは
ない(特に気候変動などの負の外部性やVREの便益が内部化される場合)。

(source) F. Ueckerdt et al.: System LCOE: What are the costs of variable renewables?, Energy, Vol.63, pp.61-75 (2013)
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Figure 6: Integration costs are divided into three components: profile, balancing and grid costs. To some extent 
integration costs that occur in the short term can be reduced by integration options in the long term. 

Note that in principle it does not need a decomposition to estimate total integration costs. 
This would require a model that fully accounts for all integration issues and options. 
However, such a “supermodel” does not exist. Instead by disaggregating integration costs 
models can specialize in deriving more accurate cost estimates for specific components. 
Doing so neglects any interaction of the components. Estimating the three components 
separately and assuming additivity is an approximation of the total integration costs. The 
standard decomposition and our extension seek for independent categories by structuring 
them along the three different properties of VRE. The interaction of these categories is an 
important field for further research. 

Furthermore, integration cost estimates are typically derived by analyzing the impact of 
VRE on currently existing power systems with a fixed capacity mix and transmission 
grid. However, integration costs depend on time, more precisely on the deployment rate 
of VRE and on typical response times of the power system. Integration costs can be 
expected to decrease if the power system adapts in response to increasing VRE 
penetration, which is usually beyond the scope of integration cost studies. In this paper 
we distinguish between two time perspectives, short term and long term11 (as indicated in 
Figure 6): 

1) The short-term perspective represents the start of a transition period after VRE have 
been introduced into a power system. It assumes fast deployment of VRE compared 
to typical relaxation times of the system defined by lifetimes and building times of 
power plants or innovation cycles of integration options like electricity storage. 

                                                 
11 The term “long term” refers to the standard economic term “long-term equilibrium” in which all investments are endogenous as 

if the power system was built from scratch (also known as green-field analysis). See for example [9], [25], [33], [34]. In analogy we 
use the term “short term” for an analysis with a given capital stock. 

n However, achieving high shares 
of VRE might need considerable 
carbon prices as well as strong 
nuclear capacity restrictions or 
significant renewables support.
n 【安田仮訳】しかし、高いVRE
シェアを達成するためには、相
当の炭素価格に加えて、原発の
容量を強く制限したり再エネを
強力に支援することが必要にな
ることがある。
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