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Combined heat and power (CHP) has been at the forefront of many government campaigns to reduce the impacts of non-renewable energy generation on the environment. In fact, at the Kyoto conference, it was identified that to reduce greenhouse gas emissions, cogeneration would be the primary measure (Patrascu et al, 2011). This is because CHP plants generate both electricity and thermal energy in a single integrated system, making them more efficient. 
For the previously proposed South Hook development, this would have been achieved using a gas turbine generator to produce 300MWe of power. The heat recovery steam generator and the steam turbine generator would further create an additional 200MWe of electricity, with any rejected steam from the process would be used in the heat circuit of the LNG terminal’s SCVs. Therefore, the plant would have been built within the existing LNG terminal site, in Milford Haven. The project had the potential to produce enough energy to power around 900,000 homes and reduce the utilisation of gas by the liquid nitrogen gas (LNG) terminal. 
[image: ]
Operation of CHP plant and its integration with the LNG terminal (QPI Global Ventures Limited et al, 2013).
Despite this, it does still share many of the negative impacts that characterise more traditional non-renewable sources of power generation. As a result, the aim of this report is to highlight the different environmental, economic, social and cultural impacts that this development could have had on the surrounding area.
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Perhaps the primary reasoning for the encouragement of CHP is that its increased fuel conversion efficiency leads to reduced fossil fuel consumption and emissions of CO2, NOx and SO2. These reductions can be particularly significant when one considers that a properly designed CHP plant can achieve energy efficiencies of more than 70% higher than separate methods of power and heat production (Welch, 2016). Furthermore, the primary source of fuel for the South Hook development will be natural gas, the cleanest of all fossil fuels; containing no sulphur and emitting lower amounts of NOx and CO2 (Welch, 2016). Emissions of NOx and CO would have been further mitigated using a dry low-NOx combustion system to reduce temperature, and close monitoring of monitor the combustion process (QPI Global Ventures Limited et al, 2013). 
However, the CO2 that is released would still contribute to the greenhouse effect, increasing the risk of long-term climate change, whilst the NO2 emissions would also contribute to the formation of smog and acid rain. Both gasses are harmful to the respiratory system. Additionally, emissions will also take the form of particulates, such as PM2.5s, where whilst airborne, may cause damage to the respiratory system, and when settled can cause environmental damage if corrosive (DECC, 2008). 
Pollutants may enter the waters and land surrounding the development, particularly as the development is sited both within the Pembrokeshire Coast National Park and next to the Milford Haven Waterway. According to the Public Service Commission of Wisconsin, during the operation of a power plant, pollutants can be discharged into the surface water, whilst groundwater is often pumped from aquifers for use during plant processes. This can result in diminishing water quality and the reduction in the viability of groundwater dependant resources respectively. Furthermore, during the construction of the site, large areas of bare ground will be exposed, and as such there is a risk that soil and pollutants could be washed into the waterway during storm events. The developers also recognised that impacts resulting from the use and storage of contaminants could have a moderately significant effect to surface waters (QPI Global Ventures Limited et al, 2013).
In turn this could impact the marine ecology in the area, whereby aquatic organisms may lose their feeding and reproductive habitat. This could be particularly damaging as the waterway is part of the Pembrokeshire Marine Special Area of Conservation, providing a home to the rich marine life found around the coast. Similarly, the terrestrial ecology would be impacted by the clearance of habitat to make room for the development itself, and to provide resources for its construction and use. The fact that the development site is located to the east of a nature conservation area further increases this risk. This could encourage the growth of invasive and generalist species whilst suppressing more fragile and valuable ones through habitat fragmentation. Couple this with potential noise and lighting effects from the construction and operation of the plant, as well as the construction of onshore and subsea cabling for the grid connection, there is a risk that both valuable marine and terrestrial species could be driven away from the area. One particularly valuable species that lives within the vicinity of the project are the Greater Horseshoe Bats that use South Hook Fort as a roosting site. The developers determined that because of the above reasons, the scheme could have a potential minor effect on the summer roost, but any further reduction in habitat quality would be mitigated with a sensitive lighting plan (QPI Global Ventures Limited et al, 2013). However, this still does not account for the separation and loss of foraging areas that the bats may have previously relied upon, meaning that they may have to travel further away and expend more energy in search for food.
It should also be noted that the environmental impacts and risks of the project will not just be limited to within the immediate surroundings of the site. The processes involved with extracting and transporting the natural gas to the development site will also have their own impacts. For instance, according to Meyer et al (1997), emissions to both the air and the sea can result from the recovery of natural gas, whereby vehicles transporting the product will burn fossil fuels, and platforms may run the risk of leaking oil into the ocean. 
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It is due to its increased efficiency, however, that makes CHP one of the most economic solutions for reducing the environmental impacts of power production (Patrascu et al, 2011). The scheme provides both a utility aspect and opportunity for the developers to profit economically. This is because not only will the CHP plant help meet the LNG terminal’s heat demand for LNG vaporisation, but will also provide just a small portion of its generated electricity for the requirements of the LNG terminal and itself, with most of the power being exported off-site to the grid (QPI Global Ventures Limited et al, 2013). Additionally, the potential to incorporate a thermal store with the development could further improve both utility and profits of the scheme for the developers. For instance, Streckiene et al (2009) investigated the feasibility of CHP-plants with thermal stores in the German spot markets. They found that by installing a thermal store enables the plant to shift production of electricity and heat to periods where energy prices are highest, helping to maximise profits. It also helps to increase this energy security as operators can compensate for fluctuations in heat demand with the stored thermal energy. Therefore, there are also opportunities to increase the economic benefits of these schemes, especially as this method of energy supply improves in the future. Furthermore, savings for the developers can come in the form of government incentives to encourage the use of CHP. For instance, the UK government has introduced schemes (e.g. The Renewables Obligation) and exemptions from certain levies (e.g. The Climate Change Levy) for Good Quality CHP projects to encourage it’s use in the future (GOV.UK, 2008; Odyssee, 2016).
The scheme could also provide multiple benefits to the local economy. Firstly, there would have been an increase in the number of temporary and permanent jobs available, with the developers stating that during the construction stage the peak number of construction employees would be over 800 for approximately 5 months, and the lowest number would be between 100-200 for approximately 6 months (QPI Global Ventures Limited et al, 2013). Whilst this is only temporary and not all employees will come from the immediate surrounding areas, a large portion of these vacancies will be open to the local communities. Furthermore, the labour that does come from outside of the three surrounding counties will bring demand for hotel and B&B accommodation, and other services, further bolstering the local economy. In addition to the construction jobs, a further 30 skilled and semi-skilled jobs were anticipated by the developers to be provided during the operational stage. This would further provide a source of permanent and well-paid work to the local community. According to the Public Service Commission of Wisconsin, work may also come from the encouragement of future development opportunities created within the community, where the presence of the site could draw further industrial developments to the area. This seems to already be the case in Pembrokeshire where there are examples of multiple other developments that have preceded the CHP proposal, including the Valero Oil Refinery (began operation in 2011) and the Pembroke Power Station (began full operation in 2012).
However, whilst CHP plants provide economic opportunities to both the developers and the community, it comes with a very high initial cost of building the infrastructure, requiring investment over a long period of time and frequent maintenance. According to Kasarbada and Trump (2017), this is compounded with the fact there are no guarantees that once interconnected, the CHP facility will operate indefinitely, and that challenges in the form of process upgrades, equipment replacement and service life extensions also incur economic costs. Furthermore, the Pembrokeshire Coast National Park is a big draw for visitors, and the communities within it rely on the tourist industry as a primary source of capital. As the scheme is located within the park there is a possibility that it could have a detrimental effect on the surrounding environment, and in turn reduce the number of visitors to use that section of the park. This would have a knock-on effect for the economy of the local communities surrounding the development.    
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Regardless of the jobs created by the scheme, other jobs could be damaged by the development. Being built in a rural area, agriculture a way of living for many people in the area. According to the Public Service Commission of Wisconsin, the construction of the power plant on or near to the local farmlands could take them out of agricultural production, and in turn affect both their economic viability and cause the displacement of the local farm community. Displacement of vulnerable groups may also result from socio-cultural tensions between the local and foreign workforce (Barclays, 2015). Animosity towards migrant workers may be felt by members of the local population which may hold a feeling of entitlement to the work provided by the new scheme. This would drive a wedge within the local community, degrading social values. 
Reduced quality of living may be another social impact. For instance, the tall buildings and stacks that make up the plant could be an eyesore and block views within the national park, whilst noise and lighting effects during its construction and operation could be a disturbance to the local community. As stated before, this could be detrimental to the tourist industry of the area. QPI Global Ventures Limited et al (2013) do state that the schemes visual impact on the landscape would be mitigated against. They decided that, with consultation from the PCNPA and the local community, the principal buildings would take a more homogenous and less industrial appearance, whilst the stack design would be coloured in a way that would help it blend in with normal sky conditions. Even so, the development will still stand out from multiple locations, including the Pembrokeshire Coast Path. Additionally, culturally valuable sites within the National Park could be damaged, whereby the sites could be exposed to erosion and made more accessible to vandals from the clearance of the surrounding land. In the case of South Hook, the scheme is sited within the Milford Haven Waterway Landscape of Outstanding Historic Interest, with two iron age forts (South Hook Camp and South Hook Fort) located near to it. The visual impact of the scheme could also degrade the value of these sites.
[bookmark: _Toc509426052]Conclusion
Overall, the construction and operation of the South Hook CHP Plant in Milford Haven had the potential to bring numerous environmental, economic, social and cultural impacts with it. These impacts would have been both beneficial and detrimental to the area. For instance, whilst many jobs would have been created to both construct and run the plant, the scheme may have had a negative effect on social cohesion within the community, where the local population would be competing for work with workers from outside the county. However, it can’t be ignored that many aspects of this form of energy make it cleaner and more economically feasible than having separate sources of power. For example, between 1990 and 2005 CHP was estimated to have delivered 15% of greenhouse gas emission reductions in Europe (International Energy Agency, 2008). It must also be noted that renewables are not capable of replacing non-renewable sources at this time. Therefore, into the future and as its technology improves, CHP will continue to be at the forefront of a push towards cleaner and more efficient forms of energy.
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Terminal gasifies LNG and how the process will work with the inclusion of the CHP
Plant.

Figure 47: Integration of CHP Plant with LNG Terminal Regasification
System
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