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Carbon Emission Accounting for Wind Farm based on Life Cycle Assessment
JI Shiyu, GAO Chao, CHEN Bin" , LI Shengnan
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Abstract: In 2009, China became the world’s largest carbon emitting country and therefore needs to work more actively to
explore low-carbon development. Wind power is considered one of the major renewable energy technologies to achieve low-
carbon goals. With the other rapid development in China, wind farms have been constructed around the country, both
onshore and offshore, to resolve energy resource and environmental challenges. The aim of this program is to develop wind
power capacity to 200 million kilowatts in 2020 and to 1 billion kilowatts in 2050, to provide 17% of the electricity demand.
In this study, the carbon emission of wind farms was analyzed using life cycle assessment, which is a powerful tool for
energy system management and environmental emission mitigation. It has been widely used for environmental impact
assessment of renewable energy systems. The life cycle of a wind turbine is assumed to be 21 years. The natural vegetation is
incorporated into the system boundary, quantifying the impact of destruction and restoration of vegetation on carbon
emissions before and after the construction stage. In the inventory analysis, the carbon emissions from production and
transportation of accessories, as well as the fuel consumption of construction vehicles are considered, to provide a
reasonable account of associated carbon emissions and to quantify the associated environmental impact. Then, carbon
emissions from the three phases of the life cycle ( construction, operation, and dismantling) were determined. The
construction phase covers changes in vegetation, building, and transportation. The operation stage includes emissions from
energy produced for the daily life activities of staff and for operating the main building and electrical equipment (e.g., wind
farm lighting systems, ventilation and air conditioning systems, and primary and secondary communication equipment ).
Regarding the dismantling phase, waste material disposal may still produce carbon emissions. The calculation of carbon

emissions is based on the amount of energy used and on various emission factors. Part of the carbon emissions derived from
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recycled materials was subtracted to avoid double accounting. The carbon emissions caused by laying fiber optic cables,
diesel consumption of the mobile machinery shop, and consumption of electric energy were also considered. The results show
that the carbon emissions of the whole life cycle of the concerned wind farm, from vegetation damage to scrap disposal, was
2.97 x 10*tC, with the carbon emission intensity being 2.98x 10 *tC/kWh. This is close to the value for thermal power
generation. The contribution by change in vegetation was almost zero, while those of building, transportation, and
dismantling were 35.54% , 0.58% , 6.15% , respectively. The emission from consumption of electricity during operation was
far larger than that for the other categories, making up 57.74% of total emissions. In contrast to the results from previous
studies, we found that the carbon emissions from energy consumption are far larger than those from resource consumption.
The methodology used in this paper may help provide a more comprehensive and detailed carbon emission inventory of wind
farms. It could thus be considered a benchmark for further comparison of typical wind farm performance. In particular, the
inclusion of the ecosystem services provided by the natural vegetation is the first step in calculating the potential support to

be derived from the area surrounding the wind farm, which was often ignored in previous studies.

Key Words: wind power generation; life cycle assessment; carbon emission; vegetation carbon sinks
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Fig. 1 System boundary of wind farm
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Table 1 Material requirement list of 2MW wind turbines

THe. . i 24 AR

FHBE AR AL KU S BT A L Y Maerials Mass/t ﬂﬁ@ﬁf
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Table 3 Calculation of carbon sequestration affected by vegetation changes
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’ ype reastm content/ t hm™2 a™! capacity/tC
GBI -
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Fig. 2 Proportion of carbon emission from each stage of the
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Table 5 Recycling and disposal of the waste from the wind turbines
Mk PrERAE R IR/t HU R/t Bebeht/t
Materials Dismantle type Recycle/t Landfill/t Incineration/t

AN Stainless steel 90% 1, 10% JHHE 2653.78 294.86 —

L4 Cast iron 90% A1 it , 10% I3 849.96 94.44 —
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