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2. Summary 

Natural Resources Wales (NRW) commissioned Cardiff Universitỳs Geoenvironmental Research 

Centre (GRC) to carry out an investigation into the potential for Coalbed Methane (CBM) production 

in Wales.  Natural Resources Wales was interested in both the potential for Coalbed Methane (CBM) 

production in Wales, and the potential impact of the production on socio-economic, environmental 

and public health issues.   

The study has been carried out using the Seren Spatial Decision Support System (Seren SDSS), 

developed by the GRC as a part of the ERDF-funded Seren project. Seren SDSS has been developed 

to support the decision-making needed to address complex problems related to geo-energy 

applications such as Site Selection, Site Ranking and Site Impact Assessment. Seren SDSS combines 

different GIS, Artificial Intelligence and Multicriteria Decision Analysis techniques as well as enabling 

spatial knowledge discovery (Irfan, 2015; Irfan et al., 2017). This bespoke tool operates in an 

integrated manner, considering environmental, socio-economic, public health and techno-economic 

domains.  

For Site Suitability and Site Ranking, contemporary qualitative and quantitative spatial information 

across all aforementioned domains has been analysed and a series of maps, graphs and textual 

information produced.  

The Site Impact Assessment tool of the SEREN-SDSS has been applied to the sites that have been 

granted planning permission for CBM development, as provided by NRW.  

This report contains the obtained maps, indicators used for all four domains (environmental, socio-

economic, public health and techno-economic) as well as the relative weights to which they have 

been assigned for analysis.  
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3. Introduction 

/ŀǊŘƛŦŦ ¦ƴƛǾŜǊǎƛǘȅΩǎ DŜƻŜƴǾƛǊƻƴƳŜƴǘŀƭ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ (GRC) were commissioned by National 

Resources Wales (NRW) to carry out an investigation into the potential for Coal Bed Methane (CMB) 

production in Wales. The full brief is reproduced below for completeness.  

άNatural Resources Wales is looking to procure a short investigation into both the potential for 

Coalbed Methane (CBM) production in Wales, and the potential impact of the production on socio-

economic, environmental and public health issues.  The investigation should analyse contemporary 

qualitative and quantitative spatial information across economic, socio-economic, environmental 

and public health issues, thereby enabling policy makers to undertake an informed consideration of 

the potential impact of CBM production in Wales.   

Natural Resources Wales is looking for a supplier that has access to a robust spatial decision support 

tool, and the expertise to apply the tool to investigate the potential impacts of CBM development in 

Wales.  The spatial decision support tool must be cable of providing visually intuitive representations 

of the potential CBM reserves in Wales, and the potential impact of production (preferably via 

shape-files).  The tool must also determine the impact of any assumptions or weightings utilised by 

its operator. 

The investigation should consider: 

1. Within the existing Welsh Petroleum Exploration and Development licensed areas, what 
potential exists to extract Coal Bed Methane from sites that are likely:  
a) to have minimum negative impact on the environment,  
b) to have positive impact on the socio-economic conditions of the communities living 
nearby, 
c) to be located in areas where public health is not already under stress, and  
d) to be economically and technically more viable than other potential areas? 

2. For proposed developments that have existing planning consent and environmental permits 
for Coal Bed Methane exploratory activities (i.e. the location is already fixed), what would be 
the potential impact should the sites progress to production activities? 

Performance expectations / outputs 

The output of this study should be a series of shape-files that demonstrate the potential impact of 

CBM production in Wales.  It will also be necessary to provide commentary on the findings of the 

investigations and any assumptions made. 
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4. Approach and methodology 

In order to meet the specified tender requirements, the GRC utilised their in-house SEREN Spatial 

Decision Support System (SEREN-SDSS) and adopted methodology similar to that presented in Irfan 

(2015). 

The system has been developed in order to facilitate decision-making regarding geo-energy 

developments - in particular, problems related to Site Selection, Site Ranking and Site Impact 

Assessment. SEREN-SDSS has different modules, either based on Multicriteria Decision Analysis 

(MCDA) techniques or Artificial Neural Networks (Irfan et. al, 2017). 

At the backend of the system, a comprehensive geo-database has been developed, containing key 

relevant indicators from the four domains: socio-economic, environmental, public health and 

techno-economic. Some key indictors used in this study are shown below. 

 

Decision-makers can assign different weights to these indicators based on their relative importance.  

For this investigation, the selection of indicators and their relative weights were agreed upon during 

a consultative meeting between the GRC and NRW. In order to provide a balanced regime, it was 

decided that equal weights would be given to all four domains. 
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Sub-weightings were applied to individual indicators within each domain, based on the outcome of 

the consultation meeting mentioned above. Each is listed below in Tables 1, 2, 3 and 4, in sections 

5.1, 5.2, 5.3 and 5.4 respectively.  

Artificial Neural Networks find natural clusters in the data and assigns ranks to them based on these 

indicators. The impact assessment modules also consider these indicators while assessing the 

existing conditions in the neighbourhood of the proposed sites.  

After indicators were selected and their relative weights assigned, the onshore coal bearing areas of 

Wales were divided into 500m2 cells and populated with the chosen indicators. Following that, 

SEREN-SDSS was applied in a stepwise manner in order to carry out the Site Suitability, Site Ranking 

and Site Impact Assessment. 

 

The Site Suitability assessment was undertaken in the first step. The AHP results generated from this 

step provided numerical values to indicate the suitability of each cell with regard to each of the four 

domains (environment, socio-economic, public health and techno-economic); these values were 

used to create suitability maps (See Section 5). After the Site Suitability step, a filtration process was 

applied in order to remove all the sites intersecting with constraint maps, e.g. Source Protection 

Zones. After the filtration process, the Site Ranking step was carried out to rank sites according to 

their suitability in terms of the AHP score from the four domains. Maps of best ranked sites are 

presented in Section 6.  

Site Suitability 

ωSite Suitability Analysis using the Analytical Heirarchy Process (AHP), based on 
the site selection module of the SEREN-SDSS using the key indicators of the 
four domains: Environmental, Public Health, Socio-Economic and Techno-
Economic. 

Site Ranking 

ωSite Ranking using Self-Organising Maps (SOM), based on the site ranking 
module of the SEREN-SDSS using the resultant maps of above domains. 

Site Impact 
Assessment 

ωSite Impact assessment using the Rapid Impact Assessment Matrix (RIAM) 
module of the system, using Physical/Chemical, Biological/Ecological, 
Social/Cultural and Economics/Operational impacts. 
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For the second part of the brief, namely the assessment of all sites already possessing permits from 

NRW, the Site Impact Assessment step was carried out using a Rapid Impact Assessment Matrix 

(RIAM) tool. The RIAM approach accounts for the existing condition of key parameters in the 

surrounding areas of the proposed sites.   
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5. Site Suitability Maps 

Site Suitability has been carried out using the AHP-based site selection module of SEREN-SDSS. The 

tool scales all participating indicators between 0 and 1 in order to normalise them appropriately 

(gaining objectivity to individual units/currency). Scaling was carried out based on the nature of the 

indicators i.e. whether a particular indicator is benefit (higher value indicating a better site) or cost 

(lower value indicating a better site). This ensures that the contribution of each indicator and its sub-

indicators to the site suitability analysis is realistic.  Maps produced from these results have been 

populated using a colour scheme ranging from red (indicating that the site is, on a relative basis, very 

unsuitable) to green (indicating that the site is, on a relative basis, very suitable). It is important to 

emphasise that this colour scheme (as used in Figures 1-5) provides an indication of relative 

suitability i.e. a green region is considered very suitable in comparison to the other areas considered 

in the analysis; it is not an absolute measure that is definitively suitable. 

The indicators used in the analysis under all four domains are provided in the following (Tables 1-4) 

along with the produced maps (Figures 1-4). The sum of the relative weights of the indicators at each 

level of the decision hierarchy in the AHP is equal to 1 (100%). The relative weight of a given 

indicator is subdivided into its sub-indicators based on its relative importance. Details of the AHP 

tool can be found in Irfan (2015) and Irfan et al. (2017). 

5.1 Environmental Domain 

As listed in Table 1, the indicators used for the environmental domain can be grouped into the 

following categories. 

i) Physical Environment. The physical environment indicators used in the construction of 

environmental deprivation ranks in the Welsh Index of Multiple Deprivation (WIMD) were 

acquired at the Lower Super Output Area (LSOA) level (Welsh Government, 2014). 

ii) Proximity to CCW Protected Sites. The impact on protected areas is an important consideration 

for the exploitation of Geoenergy resources. Therefore, the distances from the boundaries of 

protected sites were calculated. 

iii) CCW visual and sensory indexes. Visual and sensory indicators represent the landscape, scenic 

beauty, and aesthetics of an area. This includes the Intrinsic Evaluation Matrix, which records 

information about the ecological, visual, historical and cultural landscapes of Wales. The Intrinsic 

Evaluation Matrix consists of indicators of the scenic quality, integrity, character, and rarity of 

ǘƘŜ ƭŀƴŘǎŎŀǇŜΣ ŀǎ ǿŜƭƭ ŀǎ ŀƴ ƻǾŜǊŀƭƭ ƛƴŘŜȄ ŎƭŀǎǎƛŦȅƛƴƎ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŀǎ ŜƛǘƘŜǊ άhǳǘǎǘŀƴŘƛƴƎέΣ 
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άIƛƎƘέΣ άaƻŘŜǊŀǘŜέ ƻǊ ά[ƻǿέΦ ¢ƘŜ [ŀƴŘ CƻǊƳ ƛƴŘƛŎŀǘƻǊΣ ǿƘƛŎƘ describes broader land cover, 

comprised of slope and elevation, was also included within the visual sensory indicators (NRW, 

2017). 

iv) Ambient Air Quality. Modelled ambient air quality maps were acquired at 1km2 resolution. Each 

map models the annual mean poƭƭǳǘŀƴǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛƴ ˃ƎƳ-3, with the exception of CO, which 

is modelled in mgm-3 (DEFRA, 2017). 

Table 1. Environmental Indicators used in the Site Suitability  Assessment 

Indicator Weight 

Physical 
Environment     0.25 

  

WIMD-2014 Indicator of Air Quality 
(Emissions) 0.25 

  

WIMD-2014 Indicator of Air Quality 
(Concentrations) 0.25 

  

Flood Risk 2014 0.25 

  

Proximity to waste disposal and 
industrial sites 2014 0.25 

CCW Protected 
Sites     0.25 

  

Distance from - Site of Special 
Scientific Interest (SSSI) 0.0833 

  

Distance from - Special Areas of 
Conservation (SAC) 0.0833 

  

Distance from - Special Protection 
Areas (SPA) 0.0833 

  

Distance from - Wetlands of 
International Importance (Ramsar 
Sites) 0.0833 

  

Distance from - National Nature 
Reserves (NNR) 0.0833 

  

Distance from - Marine Nature 
Reserves (MNR) 0.0833 

  

Distance from - Areas of 
Outstanding Natural Beauty (AONB) 0.0833 

  

Distance from - Heritage Coasts 0.0833 
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Distance from - Biospheric Reserves 0.0833 

  

Distance from - Biogenetic Reserves 0.0833 

  

Distance from - Local Nature 
Reserves (LNR) 0.0833 

  

Distance from - Source Protection 
Zones (SPZ) 0.0833 

CCW Visual Sensory     0.25 

 

Intrinsic Evaluation 
Matrix   0.5 

  

Scenic Quality 0.2 

  

Integrity 0.2 

  

Character 0.2 

  

Rarity 0.2 

  

Overall Evaluation 0.2 

 

Land Form   0.5 

Ambient Air Quality     0.25 

  

Benzene (Ambient) 0.125 

  

CO (Ambient) 0.125 

  

NO2 (Ambient) 0.125 

  

NOX (Ambient) 0.125 

  

PM2.5 (Ambient) 0.125 

  

PM10 (Ambient) 0.125 

  

SO2 (Ambient) 0.125 

  

Ozone (Ambient) 0.125 
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Figure 1. Site suitability based on the Environmental domain Only 

As shown in Figure 1, based on these indicators, the most suitable areas were found in the South 

Wales valleys, within the county boroughs of Neath Port Talbot, Bridgend, Rhondda Cynon Taff, 

Merthyr, Caerphilly, Gwent, and Torfaen, as well as the south-east of Wrexham, and central 

Denbighshire. The least suitable areas were found around Swansea Bay and along the Dee Estuary in 

Flintshire. 
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5.2 Public Health Domain 

Public health indicators obtained from the NHS Wales Informatics Service (2017) were used to 

identify sites with the least impact on public health. As listed in Table 2, the indicators used for the 

public health domain can be grouped into the following categories. 

i. Mortality Rates. These were obtained for the Ψall-causeΩ case, as well as mortality rates specific 

to cardiovascular disease and cancer. All data was obtained at the Middle Layer Super Output 

(MSOA) level. 

ii. Hospital Admission Rates. These were also obtained at MSOA level, for cancer, cardiovascular 

and respiratory related admissions. The data is age-standardised as different age groups have 

different death rates. 

iii. Health per 100,000 people. Health indicators from the WIMD (Welsh Government, 2014) at the 

LSOA level were also included in order to provide a finer level of detail. 

Table 2. Public Health Indicators used in the Site Suitability  Assessment 

Indicator Weight 

Mortality   0.4 

 

Mortality All Cause - Death Rates (Age-Standardised) per 
100,000 population(2010) 0.1111 

 

Mortality All Cause - Death Rates (Age-Standardised) per 
100,000 population, Females(2010) 0.1111 

 

Mortality All Cause - Death Rates (Age-Standardised) per 
100,000 population, Males(2010) 0.1111 

 

Mortality All Cause - Death Rates (Age-Standardised) per 
100,000 population <75 yrs - 2 Yr Range(2009-2010) 0.1111 

 

Mortality All Cause - Death Rates (Age-Standardised) per 
100,000 population, Females <75 yrs - 2 Yr Range(2009-
2010) 0.1111 

 

Mortality All Cause - Death Rates (Age-Standardised) per 
100,000 population, Males <75 yrs - 2 Yr Range(2009-2010) 0.1111 

 

Cancer Mortality - Death Rates (Age-Standardised) per 
100,000 population(2015) 0.1111 

 

Cancer Mortality - Death Rates (Age-Standardised) per 
100,000 population <75 yrs - 2 Yr Range(2009-2010) 0.1111 

 

Cardiovascular Mortality - Death Rates (Age-Standardised) 0.1111 
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per 100,000 population - 2 Yr Range(2009-2010) 

Hospital Admission Rates   0.2 

 

Cancer Related - Admission Rates (Age-Standardised) per 
100,000 population(FY 15/16) 0.1 

 

Cancer Related - Admission Rates (Age-Standardised) per 
100,000 population, Females - 3 Yr Range (FY 13/14 - 15/16) 0.1 

 

Cancer Related - Admission Rates (Age-Standardised) per 
100,000 population, Males - 3 Yr Range (FY 13/14 - 15/16) 0.1 

 

Cardiovascular Related - Admission Rates (Age-
Standardised) per 100,000 population(FY 15/16) 0.1 

 

Cardiovascular Related - Admission Rates (Age-
Standardised) per 100,000 population, Females(FY 15/16) 0.1 

 

Cardiovascular Related - Admission Rates (Age-
Standardised) per 100,000 population, Males(FY 15/16) 0.1 

 

Cardiovascular Related -Coronary Heart Diseases- 
Admission Rates (Age-Standardised) per 100,000 
population(FY 10/11) 0.1 

 

Respiratory Related - Emergency Admission Rates (Age-
Standardised) per 100,000 population(FY 15/16) 0.1 

 

Respiratory Related - Emergency Admission Rates (Age-
Standardised) per 100,000 population, Females(FY 15/16) 0.1 

 

Respiratory Related - Emergency Admission Rates (Age-
Standardised) per 100,000 population, Males(FY 15/16) 0.1 

Health per 100,000 people 
(WIMD-2016 Indicators)   0.2 

 

Rate of all-cause death per 100,000 population(2016) 0.3333 

 

Rate of cancer incidence per 100,000 population(2016) 0.3333 

 

Rate of limiting long term illness per 100,000 
population(2016) (WIMD Indicator) 0.3333 

% of births that are 
singleton low birth 
weights(2016) 

 

0.2 
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Figure 2. Site Suitability based on the Public Health domain only 

From Figure 2 it is evident that there is a high degree of spatial variation in public health indicators, 

resulting in every county borough having a mix of highly suitable and highly unsuitable areas. 

5.3 Socio-Economic Domain 

As listed in Table 3, the indicators used for the socio-economic domain can be grouped into the 

following categories. 
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i. Social Acceptance. Firstly, the distance between the proposed site and any residential areas was 

used as a social acceptance indicator since communities closer to the site are more likely to have 

concerns relating to environmental, health, safety, and socio-economic impacts. Secondly, the 

Total Economic Value (TEV) of land was considered as it may be more difficult to acquire social 

acceptance in regions of higher total economic value and it may increase the cost of the project 

and therefore be financially less viable. TEV covers all the factors governing the market and non-

market value of the area (van der Horst 2007) and is a complex indicator; for simplicity, the 

average household income is used as an indicator of TEV here, using the Experian average 

household income data acquired at the LSOA level (Experian 2012). Thirdly, the potential 

recreational value of land was considered since potential sites in areas of high recreational value 

are less likely to get approval by authorities or attain social acceptance from the public. The 

proximity of the site to national parks, woodlands, recreational areas, leisure facilities, and 

RAMSAR sites was used as an indicator. Fourthly, proximity to existing industrial or mining 

activity has been considered, since communities in the vicinity of prior industrial or mining 

industry may be more likely to accept similar projects due to benefits of job and business 

generation (this is somewhat offset by the potential for environmental degradation and 

subsequent job creation from other sectors (Horst, 2007)). Fifthly, the income level of the 

community was considered since low and medium income communities are more likely to 

accept unconventional gas developments, as they can create opportunities to uplift their socio-

economic conditions (Garrone & Groppi, 2012). 5ŀǘŀ ǿŀǎ ƻōǘŀƛƴŜŘ ǳǎƛƴƎ Ψtŀȅ/ƘŜŎƪΩ ŘŜǾŜƭƻǇŜŘ 

by CACI; the figures obtained account for investments, welfare support and income 

supplements. 

ii. Social Capital. A range of indicators were used to assess the level of social capital, whether 

positive or negative (Foxton & Jones, 2011). Civic participation was measured by voter turnout 

data (Plymouth University, 2013) and crime data was obtained from the Welsh Index of Multiple 

deprivation Crime index. The other indicators were obtained from surveys (British Household 

Panel Survey and the National Survey of Wales).  

iii. Social Disadvantage. Indicators of social disadvantage are used to identify areas of deprivation 

where new unconventional energy resources can support the local economy, create jobs and 

build infrastructure, and so alleviate deprivation. The Welsh Indicator of Multiple Deprivation 

(WIMD) was used as a measure of social disadvantage (Welsh Government, 2015). 

iv. Population. Population data from the 2011 census (Office for National Statistics, 2017) is used to 

help with infrastructure and contingency planning. 
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v. Labour Market. Labour market statistics are used to identify areas where a pool of skilled labour 

is available and also areas with high unemployment 

 Table 3. Socio-Economic Indicators used in the Site Suitability  Assessment 

Indicator Weight 

Social 
acceptance     0.25 

  

Distance from siting 0.2 

  

Total economic value of the land 0.2 

  

Potential recreational value 0.2 

  

Distance from existing industrial and mining 
activities 0.3 

  

Income level of the community 0.1 

Social capital     0.25 

 

Civic 
participation   0.1667 

 

Crime   0.1667 

  

Rate of recorded criminal damage per 100 people 
(day-time population)(2016) 0.5 

  

Rate of adult offenders per 100 people (adult 
population)(2008-2010) 0.5 

 

Social 
participation   0.1667 

  

BHPS- Attends religious services 0.333 

  

BHPS- Attend local group/voluntary organisation 0.333 

  

BHPS- Do unpaid voluntary work 0.333 

 

Views of the 
local area   0.1667 

  

NSW- Belonging to local area? 0.333 

  

NSW- Safety at home after dark 0.333 

  

NSW- Safety walking in local area after dark 0.333 

 

Reciprocity 
and Trust   0.1667 
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NSW- Trusting people in the neighbourhood 0.25 

  

NSW- Safe for children to play outside 0.25 

  

NSW- People from different backgrounds get on 
well together 0.25 

  

NSW- People treating each other with respect and 
consideration 0.25 

 

Welsh language skills by LSOA. 2011 Census 0.1667 

Social 
Disadvantage     0.25 

  

WIMD Income 0.25 

  

WIMD Employment 0.25 

  

WIMD Health 0.25 

  

WIMD Physical Environment 0.25 

Population     0.1 

  

Total population 0.6 

  

Occupied Houses  0.4 

Labour 
Market     0.15 

 

Employment 
by industry   0.6 

  

Manufacturing 0.1 

  

Construction 0.6 

  

Accommodation and food service activities 0.1 

  

Administrative and support service activities 0.1 

  

Professional, scientific and technical activities 0.1 

 

Economic 
Activity   0.4 

  

Economically active: Unemployed 1 



 

17 

 

Figure 3. Site Suitability based on the Socio-Economic domain only 

From Figure 3 it is evident that the most suitable areas according to socio-economic indicators can 

be found in the northern parts of the South Wales valleys. The least suitable areas are found in the 

most southern part of the South Wales valleys, and also around Swansea Bay, and in Wrexham and 

Flintshire. 














































