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The population of Wales is expected to significantly grow, as a result there will be an increasing demand to develop more affordable housing and deliver public services (healthcare, social care and utilities). The population of the City and County of Swansea (CCS) is expected to grow significantly between 2014-2039 resulting in a 21.1% increase in households from 105,600 (rounded) in 2014 to 123,200 in 2039 (City and County of Swansea, 2017). Therefore, it is fundamental to develop a sustainable development strategy to meet the social and economic needs of the city that doesn’t impact on the environment. 

One fundamental component to sustainable urban development is sustainable land use, in other words, a considered approach towards the type of land that is used for urban development especially, in cities that have a growing population. The redevelopment of brownfield sites is considered to be a promising approach, particularly brownfields that are in central locations (Koch et al., 2018). 

Wales have a strong industrial heritage which has subsequently left a legacy of land contamination. Contaminated land can pose unacceptable risk to both human and ecological receptors. The primary cause of historical land contamination is from past industrial processes and poorly controlled wastes. Before 2001 and the insertion of the wales contaminated land regime, there was no mechanism in place to address historic land contamination at sites that possess low redevelopment potential. (Natural Resources Wales, 2016)

Swansea has a large heavy industrial legacy and as a result, most of the county’s brownfield sites are believed to be contaminated, mainly from manufacturing of steel, mining, non-ferrous smelting of metals and iron foundries. The Swansea 2005 Council’s Contaminated Land Inspection Strategy is the most up to date mechanism for dealing with land contamination within the CCS which provides the baseline data and outlines the councils duties (City and County of Swansea, 2017).  
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In the United Kingdom, Part IIA of the Environmental Protection Act 1990 (EPA 1990) as amended is the main policy measure that is used for dealing with historic land contamination. It sets out statutory duty, on principle regulators (i.e. local authorities) to inspect and identify areas of land contamination and publish an inspection strategy. Moreover, Part II A sets out the means for dealing with unacceptable risk towards human health and the environment which is caused by contaminated land (DEFRA, 2012; Natural Resources Wales, 2016).

Part II A defines contaminated land as; 

“Any land which appears to the local authority in whose area it is situated to be in such a condition, by reason of substances in, on or under the land that: 

(a) significant harm is being caused or there is a significant possibility of such harm being caused; or 
(b) (b) significant pollution of controlled waters is being caused, or there is a significant possibility of such pollution being caused” 

Part II A states that land should not be considered as contaminated land unless there is a reason to believe otherwise. Part II A’s definition of contaminated land only applies to sites that have been clearly identified as posing unacceptable risk after a risk assessment has been carried out (DEFRA, 2012). Furthermore, the principle regulators should organise a public written record of any land that they determine as contaminated, with clear identification of, location boundaries and area with appropriate reference to its Ordnance Survey grid references and/or Global Positioning co-ordinates (DEFRA, 2012).

The planning process offers a different mechanism for dealing with land contamination (DEFRA, 2012). The fundamental difference between contaminated land under Part II A and planning regulations is based around the new or intended land use rather than the existing use even though, the principles are essentially the same. Part II A was set up to encourage voluntary remediation where no appropriate solutions are possible (Manchester Council, 2016).

Table.1 Planning and contaminated land legislation in Wales Taken from (CL:AIRE, 2010)
	Country 
	Planning legislation 
	Contaminated land legislation 

	Wales
	Town and Country Planning Act 1990 (as amended)
Planning and Compulsory Purchase Act 2004
	Environmental Protection Act 1990, Part II A
The Contaminated Land (Wales) Regulations 2001 (Welsh SI 2001, No 2197)
The Contaminated Land (Wales) Regulations 2006 (Welsh SI 2006, No 2989)
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Sustainable development concepts raised in popularity after Brundtland’s 1987 report, “Our Common Future” published by World Commission on Environment and Development after which the United Nations accepted with political salience. Which subsequently lead to, the 1992 Rio Summit and the Earth Summit. Brundtland’s definition of sustainable development is;

“Development that meets the needs of the present without compromising the ability of future generations to meet their own needs.”

(Drexhage and Murphy, 2010; UN, 2018). 

To achieve sustainable development, it is fundamental to correspond to the three interrelated core principle elements; social inclusion, economic growth and environmental protection which are fundamental for the wellbeing of citizens and society. Moreover, an indispensable requirement for sustainable development is to eradicate poverty in all its forms. For this to be achieved, it is fundamental to promote;  equitable and inclusive economic growth, better opportunities for everyone, reduce inequalities, advancement of basic living standards,  encouraging equitable inclusion and social development while promoting a cohesive management strategy for natural resources and ecosystems (UN, 2018).  
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Figure. Three pillars of sustainable development (Jain, 2015)


Due to the urbanisation, sustainability in urban planning has become commonplace amongst the scientific community. There are many different model proposals related to urban planning; smart cities, compact cities, the green city and the livable city. All of the above models seek to resolve the challenges faced by urban areas predominantly, reduce urban sprawl, inequality, mitigation of climate change effects and improvement of air quality. However, the unanimous agreement on what concept of urban planning is most sustainable still remains relatively unanswered (Gavrilidis et al., 2017; Koch et al., 2018; Ewing et al., 2016; Weilenmann et al., 2017).  

Urban sprawl, is considered as insufficient land use that consists of low density and disseminated urban development through inadequate systematic large scale or regional planning. The main issues correlated to urban sprawl are; increase of air pollution due to longer commute distances, habitat fragmentation of natural and semi natural habitats, biodiversity loss, social segregation and higher costs of living (Gavrilidis et al., 2017).

In 2015, Wales introduced its Well-being of Future Generations Act which is a law that requires public bodies to consider sustainability such as poverty, health inequalities and climate change in their decisions (Future Generations Commissioner for Wales, 2018) 
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To comply with associated legislative requirements and promote sustainable development, CCS prepared the following documents; 

· Local Development plan (LDP) - the Town and Country Planning (LDP) (Wales) Regulations 2005

· Accompanied with a Sustainability Appraisal (SA) - S62(6) of the Planning and Compulsory Purchase Act 2004 

· Strategic Environmental Assessment (SEA) - The Environmental Assessment of Plans and Programmes (Wales) Regulations 2004  

· Contaminated Land Inspection Strategy –EPA 1990 Part II A and Contaminated Land Regime 

The Contaminated Land Inspection Strategy 2005, is the most up to date strategy for dealing with contaminated land throughout Swansea. CCS currently uses the planning regulations as a mechanism for dealing with land contamination. The main reason for this is due to the high cost of implementing Part II A on a restricted budget. However, under the planning process the authority can secure funding for investigation and remediation of contaminated land through redevelopment schemes but nonetheless the majority of the cost is still passed on to the developer. CCS does state that they are committed to implementing part II A but due to a restricted budget it is difficult to achieve (City and County of Swansea, 2017).  

Moreover, Central Government have implemented austerity changes upon local authorities which has likely contributed to the reduction on voluntary remediation subsequently reducing future clean-up of contaminated land (Brown, 2016). Furthermore, central government have scrapped the Contaminated Land Capital Projects Funding Programme, following Defra’s decision in December 2013 to bring the programme to an end by March 2017 (Gov.uk, 2017). As a result, there is a potential for a funding gap which due to fiscal reasons will continue to force local authorities to only use the planning process that could cause brownfield remediation to become an uneconomical unviable option.  

Planning Policy Wales sets out Wales’ commitment towards sustainable development through the planning system. Within the 2016 document it stated that decisions should;

“Promote resource-efficient and climate change resilient settlement patterns that minimise land-take (and especially extensions to the area of impermeable surfaces) and urban sprawl, especially through preference for the re-use of suitable previously developed land and buildings, wherever possible avoiding development on greenfield sites”   

However, the CCS SA stated that the preferred Spatial Option, is to distribute development across the city due to a lack of brownfield sites available to deliver the level of growth required as a result significant development will occur on greenfield sites outside of existing settlement limits (City and County of Swansea, 2016).  

Moreover, within the CCS’s SA it does not mention fully why brownfield sites are lacking as the latest estimations stated that the city holds around 2,149 ha of brownfield land (equates to around 2,149 rugby pitches). (see table.2.)  

Table.2. Number of contaminated sites Swansea 2016 (Swansea Environment Forum.,2016; City and County of Swansea, 2017)
	Year
	Ha of Land

	2007
	2,172

	2010
	2,149

	2012
	2,149

	2016
	Incomplete Data



Swansea Environment Forum (SEF), is a lead strategic partnership that publishes long term visions and strategic priorities that covers all aspects of the built and natural environment in Swansea. In 2014, the SEF considered the status on contaminated land in Swansea to be in the RED  (Swansea Environment Forum.,2014). (see appendix.1.)  

“SUMMARY
The restoration of contaminated land in Swansea continues to be achieved through development projects rather than a proactive programme of work and the mapping of contaminated land remains incomplete.“  (Swansea Environment Forum.,2014)

Furthermore, the SEF’s latest 2016 status of contaminated land in Swansea is even more damning where they stated; 

“SUMMARY 
As no indicators or actions relating to this priority have been identified for the period 2014-16, it does not seem appropriate to make an assessment of progress.”  (Swansea Environment Forum.,2016)
However, there are examples of brownfield development that have been recently developed with the aim to provide affordable housing in the city.  SA1 – Quayside and Copper Quarter located just outside of the city centre to name but a few. However, 
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Developing on brownfield and contaminated sites can have both positive and negative impacts on the environment. Contrary to common perception, brownfield sites can often contain a high amount of biodiversity which are sometimes threatened or are species of high conservation value (Hunter, 2014). Moreover, some land can be contaminated but doesn’t pose significant risk unless the land becomes disturbed mobilising the contaminates of which climate change can also have an impact (Cheshire East Council, 2018; CL:AIRE, 2007). 

With the negative impacts in mind, the positive effects of brownfield development can contribute towards far-reaching goals set out within the Paris Climate Agreement and the Welsh, Wellbeing and Future Generations Act. Brownfield development can help reduce the sprawling of cities subsequently reducing energy consumption and greenhouse gas emissions (GHG) at a city level (Gudipudi et al., 2016; Navamuel et al., 2018; Hou et al., 2018). 

Navamuel et al., 2018, conducted a study into the effects of sprawl on energy consumption in Spain. The results of the study confirmed that sprawling in Spain resulted in an increased development of detached houses which significantly increases electricity consumption with urban agglomerations resulting in the opposite effect (Navamuel et al., 2018). Furthermore, Gudipudi et al., 2016 conducted a study into city density and CO2 efficiency. The results concluded that doubling the population density entailed to at least a 42% reduction in CO2 emissions, from buildings and on-road sectors, with the greatest emission reductions coming from on-road contributors (Gudipudi et al., 2016).
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One of the most comprehensive studies into assessing GHG mitigation potential through contaminated land redevelopment at city level is by Hou et al., 2018. San Francisco, is the second most densely populated city in the US (New York being the most), with a significant increase in population expected in the future (Hou et al., 2018). 
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Figure. Growth rates by number of households, jobs, commuters, and household size (Hou et al., 2018).

In 2008 San Francisco passed the Greenhouse Gas Ordinance setting out the requirement to reduce the city’s GHG emissions by 40% before 2025 and 80% before 2050 from 1990 base levels. The method used was based around a life cycle assessment of GHG emissions for both brownfield and greenfield development in San Francisco by quantifying three categories;

· Primary impacts
· Secondary impacts
· Tertiary impacts

(Hou et al., 2018).
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Figure. Illustration of consequential life cycle assessment methodology (Hou et al., 2018).
Below is the basic formula that was used for assessing Total GHG  (GHGtotal) reduction through development on contaminated land.  

GHGtotal = GHGp +  GHGs +  GHGt  
Table.3. Description of the formula used for assessing total GHG emissions (Hou et al., 2018).
	Formula for assessing Total Greenhouse Gas (GHGtotal) reduction through development on contaminated land.

	GHGtotal
	Total climate change mitigation potential, in kg of CO2 equivalent.

	GHGp
Primary
	Represents the net GHG emissions associated with the degradation of site contaminants (e.g., anaerobic conversion of organic pollutants to methane) and emissions associated with the vegetation of the site (e.g., soil respiration in grassland vs. bare soil) 

	GHGs
Secondary
	Represents the cradle- to-grave life cycle GHG emissions associated with all remediation activities, including raw material acquisition and end-of-life waste disposal.

	GHGt
Tertiary
	Represents the GHGs off-set by developing brownfield land rather than greenfield land.



This comprehensive qualitative assessment was carried out for the City of San Francisco.  The results were that the secondary impacts (remediation) did increase GHG emissions  (3.54 Mt CO2 eq) However, this was somewhat offset by a reduction in the GHG of the primary impacts (1.22 Mt CO2 eq). But the tertiary impacts had the largest reduction in GHG emissions (51.9 Mt CO2 eq) over a period of 70 years reducing San Francisco’s GHG emissions by 14% over that period (0.74 Mt CO2 yr 1). This was mainly due to avoiding the effects of sprawling; low density housing with higher energy consumption, higher utility and road development needs and longer commute distances  (Hou et al., 2018).
 [image: ]
Figure. Life cycle GHG emissions associated to primary, secondary and tertiary impacts in San Francisco (Hou et al., 2018).

It is important to note that, not every city can expect to deliver the same reductions in GHG emissions as in San Francisco but the assessment method can be used by policy makers and principle regulators to quantify the potential of reducing GHG emissions by developing on brownfield sites. Moreover, the figure isn’t absolutely definitive as some of the factors are based on assumptions such as; carbon sequestration rate of green sites (Hou et al., 2018).
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Contaminated land and brownfield sites can have both negative and beneficial consequences upon society. Some brownfield sites can provide urban greenspace which is used by local residents for recreational purposes. In Swansea, White Rock located just outside of the city centre between SA1 and Morfa shopping park. The site was once the most important copper and non-ferrous smelting site in Swansea during the 18th and 19th centuries. Today, White Rock is a lottery heritage funded site which provides an important greenspace for local residents and biodiversity that also contain CADW protected historical structures of Swansea’s industrial heritage (Friends of White Rock, 2018).  
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Figure. White rock 1990 (Swansea Museum) (Friends of White Rock, 2018).  


However, Social mobility and inequality can be correlated to the built environment. Ewing et al., 2016 assessed how sprawling can effect upward mobility rates in the United States. The conclusions of the study indicated that upward mobility is significantly increased in more compact areas than sprawled by as much as 41% which is mainly attributed to job accessibility, this was also the conclusion of Weilenmann et al., 2017 when assessing the socio-economic effects of sprawl in Switzerland between 1980-2010 (Ewing et al., 2016; Weilenmann et al., 2017) Moreover, social mobility is the lowest in developed economies, especially the US and the class conscious United Kingdom (Lee et al., 2018). 
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Figure. Indirect and direct conceptual model of sprawl on inequality (Lee et al., 2018). 
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This report investigated the sustainability of developing contaminated land/brownfield sites within urban cities, using Swansea as an example. 

Currently, CCS have stated that the majority of development will happen on greenfield sites on the outside of existing settlement limits. This can result in the sprawling of the city, this contradicts Planning Policy Wales which sets out Wales’ commitment towards sustainable development through the planning system. Moreover, the sprawling of the city can also contradict the Well-being of Future Generations Act which is a law that requires public bodies to consider sustainability such as poverty, health inequalities and climate change in their decisions. 

Sprawling is increasingly being accepted as an unsustainable consequence of poor land use policies. Sprawling, has been correlated to activities that increase GHG emissions such as, energy consumption from low density homes and longer commute distances. Moreover, sprawling can also exacerbate socioeconomic issues such as, inequality and social mobility due to job accessibility. Therefore, CCS should look to rethink its development strategy and look to develop its appropriate brownfield sites or densify the city centre.  

Furthermore, the comprehensive model tool developed by Hou et al., 2018, can be used by policy makers and principle regulators  to assess the potential long term GHG mitigation for the city through developing on brownfield sites, which can lead to better long term decisions and contribute towards far reaching local and national goals (Paris Climate Agreement and the Welsh, Wellbeing and Future Generations Act). 

However, It is reasonable to assume, the likelihood of investment in brownfield development is likely to decrease due to the removal of the Contaminated Land Capital Projects Funding Programme in March 2017 and coupled with the majority of contaminated sites in Wales being dealt with through the planning process therefore, passing the majority of costs to the developer (City and County of Swansea, 2017; Natural Resources Wales, 2016). 

As a result, Providing a public map profiling Swansea’s contaminated land should be a considered as a priority. This will facilitate towards investment in redeveloping brownfield sites by giving developers and city planners an indication of the contamination profile of potential development sites by which better economic assessments can be made to assess the economic validity of a development. Moreover, it will provide an adequate environmental baseline that can be used to assess the potential risks to sensitive receptors both human and ecological. 
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Appendix 1 SEF system for evaluating each strategic priority. RAG (red, amber, green) status to provide a very simple summary of progress (Swansea Environment Forum.,2016). 


Appendix.2 Equation for Assessing Primary impacts (Hou et al., 2018).
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	Formula for assessing GHGp  reduction through development on contaminated land.

	n
	Total number of contaminated sites

	[image: ]
	The conversion factor for contaminant degradation at the ith site contributing to GHG emissions, in kg/kg

	Mi
	Total number of organic contaminants at the ith site, in kg 

	i
	Emission factor difference at the ith brownfield site contributing to net GHG emissions due to land use change, in kg/ha-year.

	Ai
	Total area of the ith contaminated site, in hectares (ha) 

	Tp
	the duration of primary impact associated with landscape change, in years

	Ari
	total area of the ith greenfield site, in hectares (ha), replacing the ith contaminated site. i is the emission factor difference at the ith greenfield site contributing to net GHG emissions due to land use change

	TrP
	The duration of the primary impact associated with the landscape change at the greenfield site



Appendix.3. Equation for Assessing Tertiary impacts (Hou et al., 2018).
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	Formula for assessing GHGp  reduction through development on contaminated land.

	n
	Total number of contaminated sites

	Gu
	represents the emission factor for construction of new utilities during redevelopment (ton CO2 eq per $)

	Ubi and Ugi
	the construction costs of new utilities ($) in brownfield redevelopment and greenfield development, respectively 

	GR

	The emission factor for construction of new roads during redevelopment (ton CO2 eq per $) 

	Rbi and Rgi
	the con- struction costs of new roads ($) in brownfield redevelopment and greenfield development, respectively 

	GC
	the emission factor for the average daily residential commute to/from the redeveloped site to/from work (ton CO2 eq per km) 

	Cbi and Cgi
	the average residential daily commute distance (km/day) to/from work for the brownfield redevelopment and greenfield development, respectively 

	Tc
	total number of commuting days within the study period 

	GE
	the emission factor for energy use by residents living at the site (ton CO2 eq per unit energy) 

	Ebi and Egi
	average annual energy consumption by residents of brownfield redevelopments and greenfield developments, respectively 

	TE
	the total number of years of residential energy consumption within the study period. 













Appendix.4 Description on how to calculate the secondary impacts (Hou et al., 2018).
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Appendix.5 WG Household Projections for Swansea, 2014-2039. Source: Local Authority 2014- based Household Projections, Welsh Government (City and County of Swansea, 2017).
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number of sites simultaneously. As explained in below, some pro-
cess data can be collected on an aggregated-level by using existing
survey data. Therefore, a hybrid LCA method combining 10 and
process-based methods is recommended, as explained in existing
literature (Hou et al., 2014), to achieve greater accuracy than a pure
I0-based LCA and less time expenditure than a pure process-based
LCA. Similar hybrid LCA methods have increasingly been used in
estimating energy usage and GHG emission (Nagashima et al,
2017; Rocco et al., 2017; Teh et al., 2017).

The tertiary impact can be estimated using the following
equation (Hou et al., 2014):
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points. Full detalls of the prolected number of households in Swansea for e
identified household types are provided in Appendix 2.
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identified from Envirostor for the city of San Francisco. Because
both Geotracker and Envirostor contain records for sites managed
by other agencies, some sites are listed in both databases. There are
also cases in which one site was assigned more than one ID, and
sites that have already been approved for no further action. This
study used existing knowledge and professional judgement (e.g.,
address and business name) to remove replicated sites, resulting in
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