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1. Introduction

The environmental impacts of electricity production systems have been widely assessed over the past years
with many published LCAs in the literature. In the special case of greenhouses gases (GHG) from wind
power electricity, the LCA results variability observed is very high, for example ranging from 2 to 81 g
COseo/kWh in a literature review performed by the IPCC [1]. Such result might lead policy makers to consider
LCA as an inconclusive method [2].

The main objective of this paper is to build a representative model of onshore wind turbines environmental
performances with a simplified life cycle approach. Variability of GHG performances of onshore wind
turbines, generated for a representative sample, is assessed through the running of Monte-Carlo simulations
to identify the key parameters having the biggest influence on the results. Finally, this methodology will
enable to define generic curves of onshore wind power electricity GHG as a simplified function of these key
parameters.

2. Method

The methodology developed to establish a generic GHG performance curve is described according to the 6
steps below (more details on the methodology is to be found in [3]):

1. An extended literature survey on LCAs of onshore wind power electricity is performed to obtain a clear
overview of the most representative assumptions taken in the literature and their related variability.

2. GHG impacts of onshore wind turbines (WT) are analysed by disaggrating the existing onshore wind
turbine inventory in ecoinvent v2.2 model [4].

3. These two steps enable to define a reference wind turbine model, representative of the current WT
technologies.

4. This WT model is applied to build the sample inventories representative of the recent wind power
market (the sample is made of 17 WTs).

5. By performing standard sensitivity analyses on LCAs results from this sample, the identification of two
key parameters (the turbine life time and the wind speed) are identified. GHG performances generic
curves are then elaborated on these two key parameters.

6. Finally a validation process is performed in order to assess the range of validity of the simplified model
made out from these generic curves by comparing them with reference LCA studies.

Two limitations on this methodology are now discussed. These first results were based on a restricted wind
turbine sample and local sensitivity analyses were not handling the variability issue in a comprehensive way
[5]. We therefore propose here an enhanced version of the initial methodology reported in [3] by applying a
Monte-Carlo simulation step to a more representative sample. With this step, the sample restriction as well
as the limitation of the local sensitivity analysis approach will be overcome.

For the Monte-Carlo simulations, we used the following equation to calculate the GHG performances defined
as the ratio between the environmental impacts of the onshore turbine over the electricity produced over its
life time:
. . _ WT impacts
Onshore wind power electricity GHG performances = HE?ELEI.A.I.. LT.P
Each parameter and its related distribution need to be characterized for the Monte-Carlo simulations:
- P is the nominal WT power in kW and characterized as a discrete function of the installed WT statistics in
France between 2003 and 2008, ranging from 800kW to 3500kW with a high probability for 2000 kW.
- LT is the system lifetime. According to expert discussions and literature review, this parameter range from
10 to 30 years with a normal distribution centred on 20 years, with a standard deviation (SD) of 3 years.
- A is the availability factor considering the real time when the WT is working compared to the theory. It
ranges from 0.9 to 0.99 with a normal distribution centred on 0.945 with a SD of 0.015.



- The WT impacts have been modelled using empirical equations to size the wind turbine as a function of
their nominal power. These equations have been defined with an extended literature survey of the
different existing WT. To consider uncertainty of this approach, for each flow, an uncertainty of =15%

has been associated.

- L is the load factor parameter. It represents an equivalent annual percentage when the WT is producing
at nominal power. It is the product between the WT power curves and the wind speed Weibull distribution

(details in [3]).

3. Results

The Monte-Carlo simulations have been performed on 25 000 runs varying each input according to the

defined distributions.
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Figure 1 and Table 1: Wind power electricity GHG performances as a function of the main parameters (25’000 simulations)

Based on these Monte-Carlo simulations, we plotted GHG performances distributions for two key identified
parameters: the WT life time and annual wind speed. Results are ranging from 2.7 to 119.7g COg/kWh, a
range which is comparable to the litterature review observed in [1].

4. Conclusions

The initial methodology to generate simplified models for WT environmental performances has been
improved with a better identification of the variability assessment. A systematic representative sample has
been defined on which Monte-Carlo simulations have been applied. Running Monte-Carlo simulations on a
representative model of onshore wind turbines (mostly 2 MW WT) has confirmed that GHG performances
variability is mainly explained by the WT lifetime and the wind speed. A set of generic GHG performances
curves has been defined as a function of these key parameters. The obtained results range between 2.7 to
119.7 g CO; /kWh and can be adjusted as a function of either one or both key parameters. This
methodology will be applied later for all types of electricity generation systems.
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