


Introduction 
In 1973 the price of oil increased dramatically, this along with the realisation that fossil fuels are a finite resource led to the research and development of wind turbines. From the 1990’s this continued to be a topic of research due to the low C02 emissions of the overall lifecycle of a turbine (Burton, et al, 2011).  Global initiatives for environmental sustainable energy sources have shaped the UK renewable energy strategy, which has focused mostly on wind power, particularly those developments which are onshore (Strachan, Lal and von Malmborg, 2006 and Farfan, et al, 2017). 
A 2006 study by Strachan, Lal and von Malmborg (Strachan, Lal and von Malmbord, 2006) identified difficulties in wind farm developments arising from the planning system and they often face opposition from local communities, resulting in wind energy now being perceived as a controversial technology. 
The Oxford Dictionary of Ecology (2015) defines anthropogenic as process or substances deriving from human origin or activity. This report will look at how anthropogenic forces (in this case the development of the wind farm) has impacts on not only the environment but also society, culture and the economy of the area. 
As well as the location where the wind turbines are built, planning applications must also be submitted for the grid connection of wind farms (in this case the grid line runs from Brechfa forest to 10km south of Carmarthen). For the purpose of this report only the anthropogenic forces and their impacts associated with the Brechfa Forest wind farm site will be discussed.
Brechfa west wind farm 
The history of Brechfa forest goes back centuries with a long history of the area being managed by local people for grazing and building material. More recently (1900’s) Brechfa was re planted with conifers by the forestry commission to provide timber after the First World War. The forest now covers 6500 hectares and is managed by Natural Resources Wales (NRW) primarily for wildlife, people and timber (NRW, 2018). 
Permission was granted for the development by the Secretary of State in March 2013 to Innogy Renewables UK. The scheme will eventually provide 28 wind turbines with the ability to supply the electricity needs of around 38,000 average households per year. 140 hectares of site managed by NRW will be built on once all 28 turbines are constructed after an estimated 20 months (NRW, 2016). 
Cultural Impacts 
The Environmental Impact Assessment (EIA) for Brechfa Forest West Wind Farm included several sections that could deemed as cultural, such as visual landscape impacts and the historical environment. The cumulative effects of the Brechfa development in combination with other wind farms in the area concluded that there would be a significant visual impact for much of the surrounding area (LUC, 2010). This is however difficult to identify if the impacts are positive or negative, as it can be a persons personal view as to whether or not win turbines are an eye sore.  Impacts on the historical environment (including archaeology and historic buildings) concluded that there would be no direct adverse impacts upon the historical and archaeological areas (with one exception) (LUC, 2010). 
Societal Impacts
The Welsh Government has renewable energy targets to meet, and at the moment the most cost effective form of wind energy is onshore developments (Welsh Government, 2017). Once in full operational it is estimated that the Brechfa wind farm will generate enough electricity to run 38,800 average households (innorgy 2018). 
During the planning process local Brechfa residents formed a local NGO called Grow Blaengwen, which particularly focused on noise disturbance form the proposed wind farm (Rydin, Lee and Lock, 2015). Local newspaper articles quoted residents complaining of sleep deprivation from existing wind turbines in the area (Williamson, 2013). 
Despite much progress into the reduction of wind turbine induced noise this still appears to be one of the main concerns for those living within local communities and developers are still facing strong opposition to wind farms due to the noise impacts on residents (Kaldellis, et al, 2016).  Having said this a study by Phol, Gabriel and Hubner (2018), found that the residents which appeared to have been most strongly negatively affected by the noise if wind turbines were those which had already developed negative emotions towards the development in the planning stage, Suggesting that community engagement and positive communication during the planning process may in fact reduce stress for local residents. 
The main priorities for the local community identified by a Brechfa Community Profile document is encouraging a local economy which is sustainable whilst supporting and marinating community life. This would be delivered through the expansion of the tourisms industry allowing residents to be in long term stable jobs, developing community facilities and providing support for business through grants (consultancy.coop, 2013). The operational lifetime of the development is expected to be 25 years, and innogy have committed to providing £459,200 of community funding for each year of the projects lifetime (Innogy, date unknown). 
Although a lot of thought appears to have been put into community funding and development, there is no obvious information which indicates where the energy generated by the wind farm will be used, and whether or not it will be of direct benefit to the community. It could therefore be assumed that the energy generated is intended to go straight into the national grid rather than directly into the local area. 
Guidance under the 2010-2015 coalition government stated that a mix of renewable energy sources will pay an important role in securing low-carbon electricity for the future (Crown copyright. 2010).  The Assembly Government identified seven Strategic Search Areas (SSA) for large on-shore wind developments which are thought to have the biggest potential as a source of renewable energy. The characteristics which SSA’s must display include (but are not limited to); Upland areas with a good wind resource, lightly populated, a general lack of environmental and historic designations and largely dominated by plantation (conifer) and or/ improved land (Welsh Government, 2005). Brechfa Forest does display all of these characteristics as well as others which are used to identify SSA’s. 
Economic Impacts
The large community fund commitment was mentioned in the previous societal section, due to the strong linkage of this investment with the local community. It should however be mentioned that it is a large economic contribution to the area and would therefore be a positive economic impact. 
The UK government estimated in 2008 that by 2020 160,000 new jobs could be created as a result of renewable energy expansion, however that does not necessarily mean these jobs will be available in the UK (BERR, 2008). 
Due to the large scale of wind farm developments and the variety of supplies required for such a project there is an abundance of opportunities for local contractors to gain work during construction, maintained and decommissioning (BiGGAR Economics, 2012). In the case of Brechfa wind farm there appears to have been a strong influence to commission work with local companies, there is currently a list of 12 companies based within Carmarthenshire, Ceredigion, Bridgend and Swansea which have been contracted. As well as an estimate of 33-35% of physical construction workers being locally based (Innogy, 2018). The Environmental Impact Assessment (EIA) for Brechfa Forest West estimated that 150 people, including the need to employ additional staff post-construction for turbine maintenance (LUC, 2010). 
Despite an overall lack in studies looking into the effects of tourism as a result of wind farms those which have been conducted suggest there is a very limited local negative effect on tourism when wind farms are developed in the area. Thought must however be given to things such as footpath closures and route diversions impacting on visitor experience (regeneris, 2014). 
There seems to be limited data on the on the benefits of cheaper electricity supplies as a direct impact of wind energy to the local community with a similarly less evidence of an increase in energy bills. It could therefore be assumed that as a result of the development there would be very little change in energy bills for local residents. 

Environmental Impacts
Arvesen and Hertwich (2012) looked at the environmental impacts of the life cycle of a wind turbine including manufacturing, transportation, construction and end of life, an extensive literature review showed that despite a clear production of C02 and greenhouse gas emissions (particularly during the construction phase) wind farms are still provide better environmental performance than fossil fuel based supplies of electricity. 
There appears to be a lack of long-term studies on the effects of onshore windfarms on bird communities (Farfan, et al, 2017). This is also supported by Pearch-Higgins et al (2012) who despite limited date used their relatively small evidence to suggest that wind farms do have a negative impact on bird communities; significantly this adverse impact appears to be as a result of disturbance during construction rather than operation.
The EIA- non technical summary gives an over view of the predicted impacts on both non-avian and ornithological species. Although nine bat species were identified in the area, the results of surveying showed that activity levels were relatively low and unlikely to be an area with significant roosting or foraging potential. There is potential for bat mortality as a result of the turbines, however there is limited research into this and the risk of collision was deemed as low. Although areas of woodland will be cleared, as a result of this there will be an increase in woodland edge habitat, which is preferable for bats. There were no potential shelter or halts within close proximity to the footprint of the scheme, reducing any potential for negative impact on otters. Many of the birds recorded when surveying for the EIA are classed as important as they are nationally rare, it is stated that there may be an impact on foraging and breeding for many of these birds during construction and decommission as well as a chance of wind turbine collision. It is not clear in the non-technical summary how these impacts on several bird species will be mitigated for (LUC, 2010). 
The Habitat Management Plan (HMP) for the development includes a summary of the findings from the Environmental Impact Assessment (EIA), this states that there will be a total habitat loss of 49.03ha and a temporary loss of 91.49ha. The plan also included mitigation and enhancement measures for biodiversity which should benefit Brechfa forest as a whole. The protection of European protected species (EPS) including otter (Lutra lutra), dormouse (Muscardinus avellanarius) and bats is covered in a separate EPS scheme. Within the HMP there is also a section dedicated to Nightjar (Caprimulgus europaeus) (an Annex 1 species) with the aim to support a stable population of breeding nightjar which are successful in the long-term (LUC, 2015). 
Conclusion
Although there was sufficient information which covered the societal, cultural, economic and environmental impacts of the Brechfa Forest West Wind Farm many of these documents have been put together and funded by bodies who would benefit from the development. The planning inspectorate website which presents all the documents associated with the planning application does show that there were a large number of local community members objecting to the development however it has been difficult to find any reliable information that would support their concerns with scientific evidence. 
Environmentally the impact which does not seem to have been dealt with in any of the resources is the negative overall impact on several bird species, with a potentially significant adverse effect on breeding and foraging, particularly during the construction period. 
As previously mentioned it is difficult to assess the landscape impacts as adverse as it can be down to personal opinion, however I did notice several objectors’ letters which stated the visual impact would negatively impact on the cultural heritage of the landscape.
Economically it does seem the area will be better off with a significant fund invested into the community every year the farm is in operation (approximately 25 years). This in combination with the benefit of providing a sustainable energy source could be argued that the overall benefit of the development outweighs the adverse impacts. 
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