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Any human intervention will produce impacts in environment as well as in society, culture and economy. The objective to cover is to analyse the impacts produced in these fields (environment, society, culture and economy) by anthropogenic forces in one specific intervention.
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1. Introduction
This paper will explore the human, anthropogenic factors in the construction of a commercial training and conference centre based in Swansea. These factors are not limited to but for the purposes of this paper focuses on increased greenhouse gas concentrations associated specifically within timber as a construction material. Also, these factors are presented by exploring practices and materials in the construction of a new build may have on specific areas related to Sustainable Development. The areas explored are Environmental, Cultural, Social and Economical. Within each section the construction methodology and approach will be explored.
The training and conference centre (The Centre) construction project started in May 2014 and was completed in September 2015, taking 16 months to complete. This building is being used as a case study within this paper demonstrating a specific anthropogenic intervention that tells a different story to a conventional approach to commercial construction. This is broken up into 2 parts, Sustainable Development Assessment, and CO2 Assessment of Welsh Larch.

2. Part 1: Sustainable Development Assessment
Sustainable development, as defined by the Bruntland Report ‘Our Common Future’, is that by maintaining our current societal needs, we do not jeopardise the ability of future generations to meet theirs. (Brundtland Commission, 1987).
Additionally, sustainable development is founded on equality and social justice. With the Welsh Government embedding sustainable development through the Well-Being of Future Generation Act (2015), the impacts of unsustainable development are being felt by the most disadvantaged. It is imperative the equality and social justice are actively applied in our approach the sustainability in Wales. (Welsh Governement, 2015)  As such, the construction programme of The Centre included and engaged the most disadvantaged to ensure equality and social justice throughout the approach. 
‘The Well-being of Future Generations Act requires public bodies in Wales to think about the long-term impact of their decisions, to work better with people, communities and each other, and to prevent persistent problems such as poverty, health inequalities and climate change’
(Future Generation Commissioner for Wales, 2018)

2.1 Construction Materials
The centre has been constructed with use of natural and conventional building materials, but fundamentally is built up as follows; 
Foundations: - Recycled Agregate supplied by Derwyn Recycling Plant in Port Talbot. This is crushed building rubble taken from demolished buildings and used within pile foundations filled to surface level. Placed ontop of this is a 370mm cube concrete block. These foundations carry the main structure of the building.
Main and sub Structure: - Welsh Larch timber in the round and machined has been used. These are broken down into main posts, support bracing, raised timber floor joists, rafters, roof deck, stud walls, cladding and decorative timber. This is used as an example of CO2 footprint assessment within section 3.
External walls: - A non load barring straw bale wall has been constructed on the north side of the building, this is plastered with a Clay finish. On the south side a fully glazed curtain wall has been installed, combined with fully opening bifold doors and opening venting windows.
Roof: - The building utilises a turf roof layed on a three ply membrane system which waterproofs and protects the 160mm of polyisocyanurate (PIR) insulation. The roof also contains 4 x skylights on the north side and a central pegoda style skylight caping the recyprocal roof rafters.#
Floor: - The raised floor make up is as the sub structure, welsh larch, and utilses sheeps wool insulation, ply board layer, underfloor heating within compressed wood fiber boards. The finishes vary between porcelain tiles and a Welsh Ash hardwood flooring.
Internal walls: - The stud timber is Welsh Larch infilled with sheepswool insulation. These are boarded using OSB (Oriented Strand Board) and 30mm woodfiber accoustic board. The wall finishes vary between clay plaster, larch cladding and recycled plastic splash back boards.
Electrical and Mechanical: - Electricity is being provided by main electric and a 11.5KW Photo Voltaic system on site. This has been set up through a feed in tarrif. PIR, self regulating, independent lighting has been used. These work independantly and sense the amount of light required in the building and operate accordingly. Heating and hot water is achieved through a Ground Source Heat Pump feeding the under floor heating system. Back up heating is achieved through a log burner, placed centrally in the building. This has the ability to pump warm air into separate rooms through insulated ducting. Due to a south facing aspect, solar gain also heats the building. The Centre is connected to Main water supply, however is currently utilising as potable water a Bore Hole which is located on site.
2.2 Environmental impact;
The training Centre construction project offered an extraordinary opportunity for socially disadvantaged groups of people to construct a sustainable venue and for this building to become a unique community resource. The construction process focused mainly on traditional methods and where appropraite non-mechanised. For example, to lift and manover timber logs around site and into position winches and block and tackles were set up and operated. This meant full participation by community groups was achieved. Further to this, natural materials such as straw bale, clay plaster and sheeps wool insulation were used allowing full access to these materials with little to no Health and Safety concern in handling them.
Through the construction method described above and the case study example of Welsh Larch below, the use of carbon-based materials within construction can have a positive environmental impact. Through well managed, renewable and local sources, construction projects can reduce the rise of GHG emissions. (Lugt, 2016)
The use of green roof system also reduces the environmental impact of the building. It replaces the ground vegetation that was removed to create the foundations; provides a hydro brake during heavy rain period preventing localized surface water run off; and aesthetically blends into the environment reducing its visual impact in the environment.
2.3 Social and Cultural impact;
Through a community build approach the aim on the construction programme was to demonstrate the viability of a community response to the challenges of social inequality, sustainable development and climate change by exploring these factors as they engage in its development.  Through this approach the construction project had the potential to increase opportunities for socially diadvantaged groups and  increase community cohesion.  The following aims were identified;
· deliver a low-impact community learning centre created by the community
· train ‘hard to reach’ groups in traditional and sustainable building and other practical sustainability skills
· provide a vehicle for community integration and cohesion
· support and enable sustainable development and improve equality
· provide an inspirational flagship centre for demonstrating sustainable development
· promote best practice in sustainable design and building; participatory action research and training in practical sustainability

These aims were measured by the following indicators;
· Increased employment, education and personal development opportunities for hard to reach groups and the local community
· Increased community cohesion through engagement in sustainable development and the challenges of climate change, resulting in increased equality
· Improved local facilities and an inspiring sustainable example of the potential of community engagement and working together
· Enhanced volunteering opportunities resulting in improvements in transferable skills and employability

2.4 Local Economic impact;
The Centre offered opportunity for community groups from some of the most disadvantaged backgrounds to contribute to a build that untilised a combination of sustainable building materials and traditional methods.  These opportunities developed vocational skills that were accredited within sustainable development, climate change awareness and softer personal development skills. Through these programmes it is evidenced that;
· Volunteering within a project can enable individuals to consolidate the skills they learnt when participants and extend their knowledge, increasing their soft and hard skills for employability.
· A volunteering programme can act as an exit strategy for participants who do not feel ready to leave a programme. 
· Enabling flexibility is key in terms of creating positive volunteering experiences. This includes developing individualised roles and participation in placement choice.
· Volunteering roles that include accreditation and significant learning require a dedicated member of staff to provide individualised encouragement and support.
· Matching volunteers to specific groups based upon strengths and skills is highly successful for both volunteers and participants. 

Wider economic factors can also be accounted for through local sourcing. The benefits of this means that the capiutal investment in the construction programme is spent locally which can enhance local business support and create further opportunities in business and employment.










3. Part 2: CO2 Assessment
There is a commitment through the Kyoto Protocol (1997) and the Paris agreement (2015) to reduce GHG emissions. Under the Kyoto Protocol, industrialised countries have a legally binding commitment to reduce their collective greenhouses gas emissions by at least 5% compared to 1990 levels.  (United Nations Framework Convention on Climate Change, 2014).  This sets the agenda for a conscious construction industry to fully understand and mitigate the embodied CO2 within construction materials.
3.1 Welsh Larch
Larch for The Centre was sourced from South Wales, Coed Wentwood, which is 60 miles away from the construction site. Larch is a soft wood that is currently being clear felled across the country. Under the Statutory ‘Plant Health Notice - Movement (SPHNm)’ issued by Welsh Government, Natural Resources Wales are under a legal obligation to fell infected larch trees. (Natural Resource Wales, 2015). This decision to clear fell larch provides an opportunity to use the timber as a sustainable construction material.
When mature trees are harvested the carbon remains locked up inside the timber until the timber is oxidised – either through combustion (for example burnt as fuel) or natural decomposition. The carbon released back into the atmosphere is equivalent to the volume assimilated during the life of the growing tree and so the process is therefore carbon neutral. In practice, carbon emissions from oxidation are absorbed by trees planted to replace harvested forests. (Edinburgh Centre for Carbon Management, 2006)
Larch from the wentwood was either delivered straight to site in the round or delivered and sawn at a local saw mill based in Usk, 6 miles from the forest, 60.4 miles away from the construction site.
The overall mileage of supply to the construction site is 66.4 miles, 112.8 miles round trip.
The total Volume of timber supplied for the construction project was 80.21 M3 and all timber sourced is certified FSC, Certificate No: NC-COC-005535-FL. British Larch density is about 560Kg/M3 at 12% moisture content. (Edinburgh Centre for Carbon Management, 2006)
3.2 CO2 Life Cycle Assessment Methodology
In order to work out the CO2 assessment the following methodology has been used.
Using the guidance of PAS 2050 and the calculations determined by a report on understanding the carbon foot print of timber transport (C. L. Whittaker, 2010) and the known quantities supplied by the sawmill, the following statements have been applied to the calculations presented below;
· Timber stores carbon. For the purposes of this study – Larch at 12% moisture content, it is assumed that the average CO2 storage per 1m3 of larch timber equates to 1 tonne. 
· Transport - per tonne of timber (1.7 M3) = 35kgco2 eq. or 20.58 KgCO2/ M3 (based on an average 102 mile round trip)
· Machining emissions of 1M3 = 142Kg CO2 eq. 
(p22 of timber transport)
This method quantifies the specific impact of CO2 emissions, widely considered to be the most urgent current environmental issue. (United Nations Framework Convention on Climate Change, 2014).  This method takes no account of ongoing maintenance work, toxic emissions, habitat loss any other environmental issues, and further investigation and calculations can be added.

3.3 Results
The table of results calculating the expenditure (release of) Kg CO2/ M3 of supplied timber and the calculations using the methodology stated above derived from PAS 2050 (BSI, 2011)
Table 1. Using the calculations provided above the total KgCO2/ M3of timber in shown. Transport and machining of welsh larch used for the centre provides a total of 192.29 Kg CO2/ M3
	Timber type
	Quantity M3
	Transport - Source to site 
	Kg CO2/ M3 (102Miles) 
	Machining 
Kg CO2/ M3 
	Total Kg CO2/ M3 

	Round pole
	31.76 M3
	120
	20.58
	N/A
	24.53

	Machined Timber
	48.45 M3
	126
	20.58
	142
	167.76



Calculating sequestered Kg CO2/M3 using PAS 2050; (Lugt, 2016), (BSI, 2011)
1. Density of wood (Kg/M3 based upon 30% moisture content) 				830 Kg/M3
2. Assumed carbon content of wood 							50% 
3. CO2 sequestered excluding PAS 2050 weighting (Kg CO2/M3) ((1.x 2) x 44 / 12))	 	1521.6 KgCO2/ M3
4. Expected lifespan of timber buildings, (stated PAS 2050) 				50 yrs 
5. CO2 sequestered including PAS 2050 weighting (kgCO2/m3) (3.x(4./100)) 		760 KgCO2/M3
6. CO2 emitted during production and transport as stated in Table 1  			-192.29 KgCO2/ M3
7. Total: CO2sequestered during production and use (5.- 6.)  				568.51 KgCO2/ M3
This calculation shows that 568 KgCO2/ M3 is mitigated from release until end of life of The Centre. 
Through the construction method and the efforts made to provide natural ventilation in and around the building the estimated life span of the building may be doubled to 100 years. If this assumption is correct a total of 1329.31 Kg CO2/M3 could be mitigated.
In the two life cycle scenarios using a total of 80.21 M3 of welsh larch in The Centre, a total of 45.56 tCO2 over 50 years or 106.62 tCO2 over 100 years, is mitigated from the environment during the Centres life cycle.











4. Conclusion
This paper has explored a construction process that seeks to combine natural building materials, traditional methods and community to explore the concept of sustainable development as defined within the Bruntland Report and further developed through the Well-being of Future Generations (Wales) Act 2015. (Welsh Governement, 2015)
The construction programme has demonstrated a commitment to tackling the social inequality by engaging the most socially disadvantaged communities within this process. The outcomes of which have highlight benefits within environment, social, culture and economic areas of sustainable development.
Also, the developed methodology in CO2 analysis of welsh Larch timber that has been used in the construction programme, supports the notion that the use of carbon-based materials help slow down the release of GHG into the atmosphere and help to mitigate the effects of climate change.
Further development and scrutiny is needed to the methodology applied in order to fully understand the wider and longer-term impacts of such a development. This also needs to be applied to the whole construction programme to fully understand the environmental, social, cultural and economic impacts.
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