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ABSTRACT 
 
The presented dissertation has aimed to assess the contribution that the most 

prevalent commercial buildings within the city centre postcode areas of two Scottish 

cities make to electrical energy usage and thereby their carbon dioxide emission.    

             

Using the Scottish Assessors Association produced information about the rateable 

sites, CIBSE benchmarking for energy consumption for existing commercial 

buildings and an estimation of the individual building floor area, by extrapolation of 

reported English and Welsh rateable values/m2 (RV/m2), it has been possible to 

estimate the energy consumption for the most prevalent commercial building types 

within the central post code areas of two widely different cities, Glasgow and 

Inverness. 

 

The estimated city centre average RV/m2 for Glasgow was £180 while the Glasgow 

regional average was £79/m2. For Inverness the centre and regional values were £110 

and £47/m2 respectively. 

 

In both cities, of the most prevalent commercial buildings, shops and offices 

dominated the energy demand profile. For Inverness postal areas IV1 and IV2 they 

were responsible for 75% and 85% respectively. For Glasgow G1 and G2 which 

geographically are much smaller areas shops and offices were responsible for 91% 

and 93% of the energy demand in those postal districts.   

 

The outcome was that it was possible to present an estimate of the energy usage of 

groups of commercial building types and in certain instances individual premises in 

specific post code areas.  

 

The conclusion was that this approach could be integrated into a refined version of 

the Greenspace GIS carbon mapping model. 
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Chapter 1: Introduction 

1.1: Motivation 
 
This study investigates the distribution of commercial buildings and their uses in the 

centres of two Scottish cities from a low carbon and energy use perspective.  

 

As a consequence of the way in which electricity is generated in the United Kingdom 

carbon dioxide is released to the atmosphere and commercial buildings are 

responsible for a large proportion of this electricity and consequently the emission 

generated thereby. Commercial buildings also incur large heating loads, and cooling 

loads are also becoming important. 

 

The objective of this research is to create a record of the commercial buildings within 

the city central postal districts, their distribution and estimated energy uses. 

This study investigates the buildings most prevalent in the city centre post code areas 

through the application of spread sheets on data supplied by Scottish Assessors 

Association and the typical energy usage patterns of commercial buildings through 

data found in CIBSE guilds. 

 

This study investigates further the potential to visualise the CO2 emissions generated 

by the operation of these commercial buildings through the application of the 

Greenspace GIS energy/carbon emission model. 

 

1.2: Global warming 
 
The work of the three groups within the Intergovernmental Panel on Climate Change 

(IPCC) produced an integrated view of climate change for policymakers in a 

summary report (IPCC, 2007). This was approved in detail at the XXVII plenary 

meeting in November 2007. In this Synthesis report there were a number of key 

conclusions drawn:-  

“Warming of the climate system is unequivocal, as is now evident from 

observations of increases in global average air and ocean temperatures, 

widespread melting of snow and ice and rising global average sea level  
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“Observational evidence from all continents and most oceans shows that 

many natural systems are being affected by regional climate changes, 

particularly temperature increases.” (ibid. p.2) 

 

“Global GHG emissions due to human activities have grown since pre-

industrial times, with an increase of 70% between 1970 and 2004. (ibid. 

p.5) (Fig.  1.1) 

 

“Global atmospheric concentrations of CO2, methane (CH4) and nitrous 

oxide (N2O) have increased markedly as a result of human activities since 

1750 and now far exceed pre-industrial values determined from ice cores 

spanning many thousands of years.” (ibid. p.5) 

 

“Continued GHG emissions at or above current rates would cause further 

warming and induce many changes in the global climate system during the 

21st century that would very likely be larger than those observed during the 

20thcentury.”(ibid.p.7) 

 

Therefore it would appear that two global events are converging that will create the 

most significant crisis of modern times (Guggenheim, 2006). The first of these is the 

escalating consumption of energy and resulting depletion of fossil-fuel resources. 

The US peaked in oil production in the 1970’s and has since exhausted 75% of all 

the known oil reserves in the US. They are now on their way to consuming the 

remaining 25% (U.S. Energy Information, 2007). (Fig. 1.2a)  

 
The US peaked in natural gas production in 1973, and in order to keep gas 

production steady in the US, it has had to drill many more wells every year.  
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Figure 1.1: Global Anthropogenic Green-House Gases (GHGs) emissions (IPCC 2007) 
(a)Global 970-2004: (b) distribution of different anthropogenic sources of GHGs (2004) 

(c) Sector distribution of total anthropogenic GHGs (2004) 
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The second event is global warming (Architecture 2030, 2008). (Fig. 1.2b) Global 

warming is currently at 0.7°C above pre-industrial levels and in order to avoid 

dangerous climate change it is claimed that it must be kept under 2°C above pre-

industrial levels. If it reaches 3°C, it is believed that there will be a potentially 

catastrophic climate change (Stern, 2007). 

       
(a)                                                                           (b) 

Figure 1.2: (a) Profile of the US crude oil production and projection 1900- 2100. 
                      (b) Profile of the projected rise in the earth’s surface temperature. 

 

Atmospheric concentrations of CO2 are increasing at 2 ppm each year (NASA, 

2007). At this growth rate, it is anticipated that the level reached will be 450 ppm by 

2035. (Fig. 1.3) Continued growth of CO2-producing infrastructure and emissions 

over the next 10 years (2008-2018) will make it most likely impossible to prevent 

exceeding this threshold (ibid.)  

 

With the peak in global oil production now passed (fig 1.1a) the global oil and gas 

price will increase dramatically. (NSO, 2007) Alternatives will become more 

economically attractive as oil and gas consumption declines. Because it is plentiful 

and inexpensive, the current trend is to meet the projected and increasing global 

demand for energy with coal with the US alone having 151 new conventional coal 

plants in various stages of development while globally; at least one new conventional 

coal-fired power plant is being added each week. (Hansen, et al., 2007) 

 

However, meeting current and future energy needs by continuing to burn fossil fuels 

will lead to further global warming. Although countries having signed up to the 

Kyoto Protocol plan to meet their commitments by 2012, the vast number of 
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additional coal plants now being planned for the US, India and China, and their 

consequent emissions, completely negate the gains that might have been made by the 

treaty (U.S. Energy Information, 2007). (Fig. 1.4) 

 
Figure 1.3: The projected increase in ppm of Carbon Dioxide by 2035 (Architecture 

2030, 2008). 

 
Figure 1.4: The implications in the consequence of progressing  

along the coal-fired power generation route  (Architecture 2030, 2008). [Note: Figure 
refers to Imperial tons rather than SI tonnes]  

 

The UK government in 2007 released the Stern Review on the Economics of Climate 

Change (Stern, 2007). This report discussed the effect of global warming and climate 

change on the world’s economy.  It is considered to be the most influential and 

widely discussed economic report on global warming (First Post, 2008 ). 
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The Review has been criticized by some economists, saying that Stern used incorrect 

discount rates in his calculations (Dasgupta, 2006); however other economists have 

supported Stern's approach and argued that Stern's conclusions are reasonable, even 

if the method by which he reached them is open to criticism (Lamb, 2007). 

“This Review has assessed a wide range of evidence on the impacts of 

climate change and on the economic costs, and has used a number of 

different techniques to assess costs and risks. From all of these 

perspectives, the evidence gathered by the Review leads to a simple 

conclusion: the benefits of strong and early action far outweigh the 

economic costs of not acting.” (Stern, 2007). 

 

“The world does not need to choose between averting climate change 

and promoting growth and development. Changes in energy 

technologies and in the structure of economies have created 

opportunities to decouple growth from greenhouse gas emissions. 

Indeed, ignoring climate change will eventually damage economic 

growth.” (Stern, 2007). 

 

This review along with the concerns raised elsewhere (Climate Crisis, 2007; 

NASA, 2007) have played an important role in raising global awareness such 

that it is now at the forefront of both the political and public agendas (World 

Forum, 2006). 

 

1.3: Energy usage 
 
The International Energy Agency (IEA), founded during the oil crisis of 1973-74, 

and based in Paris, acts as energy policy advisor to 27 countries in their effort to 

ensure reliable, affordable and clean energy for their citizens. The IEA’s initial role 

was to co-ordinate measures in times of oil supply emergency. As energy markets 

have changed, so has the IEA. Its mandate has broadened to incorporate the “Three 

E’s”:- balancing Energy policy and security, Economic development and 

Environmental protection across the 27 countries.   
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In one of the many studies the IEA has undertaken, the energy consumption per 

capita in 2002 was produced and compared with the 1990 figure. (Table1.1)   The 

UK is ranked seventh but with an individual annual consumption increase of ~4% 

since 1990.  The UK’s CO2 emissions dropped by 5.6% to 57.2 x 104 tonnes between 

1990 and 2003 (NAEI, 2007), while in the same time frame (1990-2002) the UK’s 

population increased by 2.85% to over 59 million (Flintshire County Council, 2006). 

Because of these facts, although energy demand/person has increased there has been 

a 7.85% decrease in the CO2 emissions per person per annum.  

 

To appreciate why this is it has to be realised that over the 15 years between 1990 

and 2005 the UK shifted its electrical energy generation mix dramatically with the 

introduction of gas-fired power plants. (Fig. 1.5) This resulted in a net decrease in 

CO2 as a consequence; a shift from carbon (C) based generation to methane (CH4) 

but, with the 2005 total distribution mix being still dominated by fossil fuel based 

generation. (Fig. 1.6) 

 

1990  2002 

G8 countries Terajoule per 
person 

Rank G8 countries Terajoule per 
person 

United States 0.3300 1 United States 0.3411 

Canada 0.3231 2 Canada 0.3407 

G8 average 0.2050  G8 average 0.2198 

USSR 0.1995 3 France 0.1860 

Germany 0.1921 4 Russia 0.1836 

France 0.1673 5 Germany 0.1798 

United 
Kingdom 

0.1578 6 Japan 0.1736 

Japan 0.1545 7 United 
Kingdom 

0.1638 

Italy 0.1151 8 Italy 0.1274 

 

Table 1.1: Energy consumption /capita in G8 countries (Statistics Canada, 2008). 
(where Terajoule = 1*1012 Joules) 
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The projected generation mix over the next 10 years shows an ever increasing 

demand on gas-fired power stations (Fig. 1.7a) such that they will be responsible for 

50% of the UK’s electricity. This mix should be generating a lower total CO2 than 

the 1990 figure because of the different carbon/hydrogen ratio between the two fuels, 

coal and gas. Beyond 2020 the growth in renewables and nuclear changes this energy 

generation mix. (Fig. 1.7b) 

0%

10%

20%

30%

40%

50%

60%

70%

80%

1990 1995 2000 2005

Coal Gas

  

Figure 1.5: Change in coal and gas contribution in the total electricity generation fuel 
mix 1990-2005 (BERR, 2008  mod.) 

 

  

 

Figure 1.6: Fuel use for electricity generation in the UK, 2005 (BERR, 2008) 
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(a) BERR, 2008 (BERR, 2008)                                             (b) DECC, 2010 (DECC, 

2010) 

Figure 1.7: UK’s projected electricity generation mix through to 2020/2050 

 
Much political and public attention is given to transport CO2 emissions (International 

Herald Tribune, 2007; USA Today, 2007; Steer Davies Gleave, 2006). The European 

Commission in December 2007 adopted a proposal for legislation to reduce the 

average CO2 emissions of new passenger cars which account for about 12% of the 

European Union's carbon emissions. It is claimed that the proposed legislation is the 

cornerstone of the EU's strategy to improve the fuel economy of cars (IHS, 2007). 

The Commission's proposal is expected to reduce the average emissions of CO2 of 

new passenger cars in the EU from around 160 g./km. to 130 by 2012. It is claimed 

that this should translate into a 19% reduction of CO2 emissions and will place the 

EU among the world leaders in fuel efficient cars.  

 

In the UK the forecast on the total (Fig. 1.8) and transport sector contribution to the 

anthropogenic CO2 emissions (table 1.2) gives an indication as to the reasoning 

behind the UK’s support of this EU initiative since by 2020 +25% of the UK’s 

emissions will be from road transport. 
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1.4: Building  energy usage 
 

Many people are surprised to learn that buildings are the single largest users of 

energy. (Fig. 1.9a; b) In the US buildings are responsible for almost half (48%) of all 

energy consumption, but more interestingly, of all power plant-electricity being 

generated, 76% is used just to operate buildings. (Fig. 1.10) With a similar profile on 

energy needs in the UK (Fig. 1.9) it would suggest that some 70-75% of electricity 

generated by power stations within the UK is required for buildings. 

 

 

Year 1990 2000 2005 2010 2020 
Road Transport 18% 20.7% 21.3% 24% 26% 
Other Transport 1% 1.3% 1.2% 1.3% 1.5% 

Rest of the economy 81% 78.0% 77.5% 74.7% 72.5% 
 

Table 1.2: Forecast of the UK’s CO2 Emissions by source. (mod. DfT, 2005) 
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Figure 1.8: Historical and projected total release of the UK’s anthropogenic CO2 
1990-2020. (mod. DfT, 2005) 
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.                 

 
(a) USA energy use (Architecture 2030, 2008). (b) UK energy use (Steemers, 2008) 

 
Figure 1.9: Building energy usage  

 

  
Figure 1.10: USA Electrical energy consumption (Architecture 2030, 2008). 

 

There is a distribution within the building stock between Commercial, Residential 

and Industrial. Assuming a similar distribution to the US (Steemers, 2008) then in the 

UK ~50% will be residential and ~42% commercial (Fig. 1.11) and if the electrical 

energy usage is also comparable to the US, (Fig. 1.10) then in the UK ~40-45% of 

the national power-plant electricity is required for commercial buildings. The 

reported figure from the UK’s government statistics is 45.7% in 2003 (BERR, 2008). 

 

The distribution of primary energy usage within commercial buildings in the UK 

(Fig. 1.12) into different fractions depends on the type of heating, ventilation and air-

conditioning system installed, (HVAC) where as much as ~50% may be required for 

these service supports. 
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Figure 1.11: Estimate of the UK’s distribution of building stock between the three 

sectors. 
 

 
 

Figure 1.12: Distribution of primary energy usage within UK commercial buildings 
(Steemers, 2008). 

 

 

 

The breakdown of primary energy usage patterns within the commercial sector in the 

US appears somewhat different (DOE,2005) (Fig. 1.13) with 44% being allocated to 

other uses. However these include telecommunications; medical equipment as well 

as ventilation and a myriad of other uses, such as municipal water services, service 

station equipment, elevators, and vending machines. However electricity is 

considered to account for 50 percent of US commercial delivered energy 

consumption in 2003 (Steemers, 2008). 
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Figure 1.13: Difference in the energy usage in commercial buildings in the US. 

(ibid) 
 

For domestic buildings in the UK the energy usage pattern has 73% required for 

heating and hot water and only 6% for lighting (Fig. 1.14) while in the US it is 63% 

with space cooling included and 17% for lighting. (Fig. 1.15)  

 

For Scotland the majority of dwellings, (68%) have full gas or oil fired central 

heating, and over 75% of dwellings have their water heated from a primary boiler 

(Scottish Government, 2008), while in the 2002 survey for the Scottish Executive 

full central heating was uncommon in pre-1919 dwellings but was >80% for houses 

built after 1997 (Scottish Government, 2007).  

 

This would suggest that Scotland’s primary energy usage for comfort in the home 

comes from a fossil fuel base and this is equally true for commercial buildings. (Fig. 

1.12)  
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Figure 1.14: Distribution of primary energy usage within UK domestic buildings. 
(Boardman, 2007 mod.) 

 

44%

4%15%
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20%
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Figure 1.15: Distribution of primary energy usage within US domestic buildings. 

(DOE, 2005 mod.) 
 

People living (or working) prefer installed heating or cooling systems to provide 

“comfort” within a relatively narrow range in temperature and humidity. (Fig. 1.16) 

Since a large amount of domestic and commercial heating and air conditioning rely 

on fossil fuel generated heat and electricity it is not surprising that this is considered 

a key concern in the perceived threat of global warming.(ch1.1)  



 

 15

 

Figure 1.16: Living and working human comfort zone. (temp.oF) (DNR, 2008) 
 

Therefore with nearly half of the UK’s energy usage accounted for in buildings (Fig. 

1.10b) attention has focused on the improvement in the overall energy performance 

of both Commercial and Domestic buildings through planning and building control 

legislation for existing stock and future buildings. (SAP, 2005; GBC, 2007; Poel, 

2007; Tee, 2008) 

1.5: Commercial  buildings 
 
Many of the commercial buildings within a city have evolved historically, dictated 

by the legislation and vision of the architecture of the era, (Maver, 1971) (Fig. 1.17) 

and their present energy performance will reflect this. As a result there will be a 

range of starting points from which attempts can be made to improve their energy 

performance (CIBSE, 2000) (Fig. 1.18a) and the degree of improvements could be 

quite considerable when relatively few of the best can be more than ten times better, 

in energy use terms, than the worst (Boardman, 2007). (Fig. 1.18b)  
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(a) Commercial building design circa. 1900’s. 

 

    
(b) Commercial building design circa. 1960’s 

 

    
(c) Commercial building design circa. 1990’s 

 
Figure 1.17: The changing face of commercial building design through the 20th 

century 
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(a) Different forms of commercial buildings (CIBSE, 2000) 

 

(b) Relative Energy performance of UK’s commercial buildings (Boardman, 
2007). 

Figure 1.18: Overview of the types and performance of UK’s commercial building 
stock. 
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However, the importance of this issue in respect to the total UK’s building stock can 

be brought into sharp focus when a 1% increase in per capita GNP leads to an almost 

equal (1.03%) increase in energy consumption, while an increase in the urban 

population of 1% creates an increased energy consumption of 2.2%. (Santamouris, 

2007) 

 

 The rate of change of energy use is twice the rate of change in urbanization and as 

there is further evidence that urbanisation is on the increase (Population Matters, 

2008) the views on climate change and the role therein of carbon emissions have 

become a priority within the domestic market. (SAP, 2005)  

 

In the UK 80% of electricity is generated from fossil fuels and an energy efficiency 

of 35-45% is generally accepted (Steemers, 2008). This is central to considering the 

electricity consumption within buildings because, to a large extent it is the supplier 

who bears the responsibility for the primary energy source.  However it is the end-

users’ consumption that must be changed if a significant saving is to be made in the 

fossil fuels used and therefore CO2 produced. 

Certification of buildings according to their energy efficiency (CO2 rating) is already 

in progress. (Tee, 2008)  Legislation and energy certification is expected to have 

significant reputable impact and negative public perception when it is made known 

that an organisation has chosen to locate itself in a “bad” commercial building while 

the SAP rating on domestic buildings will have a similar impact.   It is likely to lead 

to a downward pressure on prices for building sales and rentals. (Arminas, 2008)  

 
In the centre of many UK cities there are situations where an established façade is 

replaced with a modern one – presumably for reasons of style and public image.  At 

the same time, there are a number of organisations keeping the façade but replacing 

the office building behind.  This allows the possibility of ostensibly retaining an 

existing built environment while taking advantage of changes which allow the 

business to operate with lower heating and lighting costs. (Fig. 1.19) 

 



 

 19

This is a change which is not outwardly visible but serves to improve to some extent 

the energy efficiency of the city’s building stock.  Additionally, the more modern 

systems in a building should make it a healthier and more pleasant place to work. 

However replacing and revitalising a city’s building stock is a protracted process 

(Fig. 1.20) which would suggest that post certification of existing buildings it `will 

be 2050 before some of the historical building will see the full effect of energy 

efficiency. 

      
 

   
 

Figure 1.19: The cosmopolitan nature of UK’s city centres. (Glasgow, 2000) 
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Figure 1.20: The life-cycle in modernising existing commercial buildings. (Steemers, 

2008 mod.) 

1.6: Zero Carbon commercial  buildings 
 
The UK government’s Budget for 2008 announced the Government's ambition that 

all new non-domestic buildings should be zero carbon from 2019. In an article it was 

reported that the Green Building Council (GBC) claimed that as a leading green 

building trade group they have warned the government that builders will not be able 

to meet the new target unless it adopted a more flexible approach to the definition of 

zero carbon (Murray, 2008).  

 

GBC did confirm that the UK government had pledged to set out the formal 

definition for a zero-carbon building by the end of 2008. The deadline date did not 

see a final resolution of this matter and revised target dates have been set. (Table 1.3) 

The Government is currently retaining the definition which requires all the energy 

used in the non-domestic building to come from onsite renewable energy 

technologies or near site renewables connected directly to the building. The reason 

being given for the anticipated failure to achieve the zero carbon target is that many 

non-domestic buildings have a much higher energy requirement that cannot be met 

by onsite renewables alone. (GBC, 2007) 
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Table 1.3: Time line to Zero Carbon (DCLG, 2008). 

 

 

There are several definitions of what Zero Energy Buildings (ZEB) means in 

practice, with a particular difference between North America and Europe. In North 

America a ZEB is defined as one where the amount of energy provided by on-site 

renewable energy sources is equal to the amount of energy used by the building. 

 

Outside North America, a ZEB is generally defined as one with zero net energy 

emissions; also known as a Zero Carbon building. With this definition the CO2 

emissions generated from on-site or off-site fossil fuel use are balanced by the 

amount of on-site renewable production. 

 

Putting aside these doubts that a non-domestic building can achieve zero carbon 

status there has been a significant public relations exercise on green building design. 

Two of the most recent reported examples lay considerable emphasis on a range of 

greening aspects in construction and service supports (BSJ, 2008).  
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In New York two buildings are cited as examples of what can be done to reduce the 

buildings environmental impact in a new builds. (Fig. 1.21) 

 

In the new build, Hearst building it was claimed that 90% of the steel used in its 

construction was recycled material; it would use 26% less energy than a tower built 

to the present US building codes and the rainwater collection would reduce the 

amount dumped to sewer by 25%. 

 

In the New York Times building the installed co-generation plant supplies 40% of 

the power to the buildings offices; an advanced light dimming system should give an 

energy savings of 30% and lastly they incorporated a garden with trees. 

   
 

(a) Hearst building                                  (b) Times building 
 

Figure 1.21: New York “greener” buildings, 2008 
 
 
At almost the same time as the New York buildings were being opened in 2007 

Australia was also publicising what they considered to be the greenest office building 
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in the world (BSJ, 2008). This building known as the Council House 2 (CH2) is to be 

found in downtown Melbourne. (Fig. 1.22) Construction work started early in 2004 

and the building was occupied in late 2006. Compared with the original Council 

House 1 (CH1), built in the 1970’s the CH2 building is intended to use 85% less 

electricity; consume 87% less gas and 72% less mains water. Solar panels to heat the 

water; photovoltaics to power the solar shading system and wind turbines for office 

air extraction are some of the service saving devices employed. 

  
Figure 1.22: Views of the new 2006 CH2 building and the adjacent CH1 1970,s 

construction. 
 
With the city centre building stock (Fig. 1.17:Fig. 1.19) being so diverse and also 

experiencing ongoing internal improvements to the services and fabric of the 

buildings it is difficult to appreciate the degree to which the existing non-domestic 

building stock actually performs in respect to energy usage. Many of these buildings 

are no longer used for their original purpose and yet to their outward appearance they 

remain the same. An excellent overview of the changes that have occurred in 

Glasgow is an illustration of that, with many of the buildings still reflecting the 

original architectural features (Scotcities, 2008). Just one example is the 

refurbishment of 110, St. Vincent Street, G1.(Fig. 1.23) It was originally designed in 
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the 1920s by renowned architect James Miller, drawing on influences from 

contemporary American neoclassical commercial architecture.  

 

Although boasting a Grade 'A' listed façade the original banking hall, was 

refurbished in 2006 into a prestigious 9-storey office building with the existing 

lavishly-detailed ground floor banking hall retained and new floors added above. 

These included an innovative additional rooftop floor with terrace using structural 

glass.  

 

However nowhere in the brief issued by the architects is there any mention of any 

energy efficiency steps being taken during the refurbishment (Architecture Scotland, 

2008). 

 
Figure 1.23: External façade of 110 St. Vincent St. Glasgow (Architecture Scotland, 

2008). 

 

   
Figure 1.24: HBOS building, the Mound Edinburgh. 
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A not too dissimilar situation occurred in Edinburgh at around the same period to the 

Bank of Scotland. (Fig. 1.24) Yet again the façade and many of the internal historical 

features were retained at the request (demand) of Heritage Scotland but no mention is 

made on the energy efficiency measures taken beyond those that would be required 

to meet the then in place building regulations. 

 

1.7: Aim and Objectives 
 

The aim and objectives of this project are as follows: 

 

Aim  

 

To analyze the contribution made by commercial buildings to the United Kingdom 

emission figures through a pilot study involving energy profiling in specific postal 

districts with potential application to GIS 

 

Objectives 

• Identify and characterize data sources for the construction of emission maps 

and databases for the built environment 

• Review the literature and available datasets 

• Develop methodologies to address gaps in the data 

• Conduct a preliminary study where areas in two Scottish cities are 

investigated in detail 

• Aggregate this data into a GIS system 

• Develop a specification for a Web-based GIS application 

• Establish quantitative comparisons of emissions originating from the built 

environment between different UK cities and regions  

• Explore synthesis of the emissions database with other environmental and 

building-related data such as building properties and energy certificates 
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1.8: Conclusions 

 

It would appear that with the emergence of the requirements for Energy Certification 

several of the recent expensive re-fits are going to show a relatively poor rating, 

while many of the more recent new builds too will be relatively poor in their energy 

performance. With fairly strict planning and building controls now in place and these 

being further backed by preservation measures it is not surprising that the GBC has 

raised doubts that the target set out by the British government on zero carbon 

buildings is somewhat ambitious.  

 

In reviewing the background to the consolidation of the objectives it was necessary 

to consider how this fitted with the overall aspects of energy demand within 

commercial buildings. The recently introduced UK certification process and the 

anticipated energy requirements are summarised in chapter 2 along with an overall 

appreciation of the context of locality and orientation of specific buildings with 

reference particular to climatic conditions. 

 

In this study, a geographical information system with the ability to overlay various 

datasets and visual representations is used to develop an energy and carbon model of 

the built environment with a particular focus on the distribution of the most prevalent 

commercial building types within the central postal code areas of Glasgow and 

Inverness. In Chapter 2 the literature on this topic is reviewed. Alternative methods 

applicable to building energy models are explored in Chapter 3, such that a strategy 

could be developed in relation to the specific building distributions within the two 

cities selected for this study.  

 

The consequence of the application of these methods is described in Chapter 4, 

producing some interesting appreciation of the distribution of the most prevalent 

commercial building types within the central postal code areas of the two Scottish 

cities investigated. Based on estimated floor areas of those buildings having specific 

rateable values, it was possible to anticipate the energy demand of commercial 

buildings within a specific post code, as described in Chapter 5.  
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Chapter 2: Literature Review  
 

2.1: Overview 
 

 As a large proportion of the energy generated in the UK is used in buildings (Fig. 

1.9b) valuing and reducing the emissions generated by the built environment is the 

focus of this thesis with particular attention being paid to the commercial sector as it 

is the greater of the principal energy use sectors, commercial and residential. Fig. 

1.11) 

 

Energy consumption modelling of buildings seeks to quantify energy requirements in 

respect of the parameters of the buildings use phase. These are used for a variety of 

reasons from the determining energy use patterns on a regional and national scale to 

quantifying the effects of a policy of retro-fitting particular buildings. (Swan and 

Ugursal, 2009)These modelling techniques can be used to assess new technologies, 

materials and building codes in order to inform future decisions regarding their 

financial integrity.   

 

The residential sector (42%) is a substantial consumer of energy but the energy 

consumption characteristics are complex and inter-related. (Balaras, 2003).   In a 

comprehensive review of the models (Swan, Ugursal, 2009) and the techniques to 

reduce this energy demand, two distinct approaches to modelling are identified: top-

down and bottom-up. (Fig. 2.1) The top-down approach treats the residential sector 

as an energy sink and is not concerned with individual end-uses while the bottom up 

approach extrapolates the estimated energy consumption of a representative set of 

individual houses to regional and national levels. 

 

Particular interest in this thesis is on energy use in the commercial sector of two 

urban locations. Both are from Scotland and are cities at different stages of 

development.  Glasgow - founded by Catholic missionaries in the early part of the 

first millennium AD and Inverness which has undergone a recent phase of rapid 

growth. To consider ways to reduce emissions attributed to buildings it is important 

to study in detail how these emissions are created i.e. how settlements differently 
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composed in terms of building use contribute different amounts to the UK’s total 

carbon dioxide emissions. 

 
Figure 2.1: Consideration of top down and bottom up approaches to the assessment 

of energy consumption in residential properties. (Swan and Ugursal, 2009) 

 

The Energy Performance of Buildings Directive (EPBD) is the main EU policy 

instrument for dealing with commercial built environment carbon emissions.  The 

genesis of the EPBD will be reviewed in detail in section 2.2. 

 

Chartered Institution of Building Services Engineers (CIBSE) and American Society 

of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) are 

organisations which issue guidance for the construction of new and old commercial 

buildings. Both organisations have established standards of good practice for 

different building types. This is summarised in section 2.3 while the appreciation of 

the differences that weather may have on the actual buildings energy demand are 

raised in section 2.4  

 

The use of Geographical Information Systems (GIS) is reviewed in section 2.5, with 

particular reference made to planning of building developments.  

 

2.2: Energy Performance of Buildings Directive, EPBD 

 
The Energy Performance of Buildings Directive (EPBD) is an important legislative 

component of energy efficiency activities of the European Union designed to meet 

the Kyoto commitment (EPBD, 2008; UNFCCC, 2009). There is an urgent need to 

reduce the amount of carbon dioxide emissions associated with building use and this 
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Directive has been the main instrument for dealing with built environments carbon 

emissions within the EU.   

 

The Directive was adopted by Member States and the European Parliament late in 

2002 and came into force in January 2003. However by 2006 the EU Action plan on 

energy efficiency in the building sector was becoming a top priority (EPBD, 2008). 

With the energy efficiency savings in the building sector estimated at 28% it is 

expected that the Directive will promote the improvement of energy performance of 

buildings if the following requirements were implemented: 

• a methodology of calculation of the integrated energy performance of 

buildings; 

• minimum requirements on the energy performance of new buildings; 

• minimum requirements on the energy performance of existing commercial 

buildings that are subject to major renovation; 

• energy performance certification of buildings; 

• regular inspection of  HVAC systems and an assessment of the heating 

installation that are more than 15 years old; 

• qualified experts and inspectors for the certification of buildings; 

• drafting recommendations and performance of existing boilers and air-

conditioning systems. 

The Directive is principally a measure which affects different interested parties from 

tenants to building experts living in the European Union.  The directive will increase 

awareness of energy use, with the intention that consumers will become involved in 

employing energy efficiency measures with the consequence that the building sector 

will be transformed towards energy efficiency, and the use of renewable energy 

sources.   

The beginning of January 2006 saw the 25 member states pass their deadline for 

ensuring that the measures detailed in the directive were made national law.  For 

Bulgaria and Romania, this deadline date was January 2007.  As a result of the 
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requirements for certification and inspection, an additional period until January 2009 

was allowed before full application. 

In the UK, the EPBD became required from February 2006 and required all domestic 

buildings to have, on completion of the building works, an energy certificate in 

accordance with the standard assessment procedures, SAP 2005 (SAP, 2005). 

Regarding commercial buildings, the UK national method of assessment is defined 

by the government using the Building Research Establishment's simplified energy 

model-SBEM (SBEM, 2009) and is being implemented, particularly in the public 

sector (Tee, 2008). 

Energy performance certificates (EPC’s) were supposed to become a legal 

requirement on the 6th April 2008, but the actual date was delayed until October 2008 

(EPC, 2009) 

 

“Neither the state nor the property sector seemed well prepared as the 

deadline approached and at the eleventh hour the government 

capitulated to pressure from the building owners by fudging the deadline. 

(p.12 Arminas, 2008) 

 

Initially only buildings of more than 10,000m2 required an EPC when they were 

constructed, sold or offered for rent. From 1st October 2008 certificates were required 

for all buildings in these circumstances and by that date all public buildings were 

required to display energy certificates, (DEC’s). (Arminas, 2008) 

 

In the assessment procedure, a file containing weather data  (CIBSE, 2005, CIBSE 

2006) appropriate for the building being studied is selected.  All buildings studied 

will benefit from closer inspection of weather conditions (Santamouris, 2001).  For 

the purpose of certification, a set of weather data is used in the simplified building 

energy model to evaluate the pattern of energy usage over an annual cycle. 
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The energy consumption of individual buildings depends on the systems installed and 

a whole series of urban variables ie orientation, shading, topography as well as size, 

shape and location.  

The EPBD programme’s current state is that:- 

“states are working intensively to improve energy efficiency” 

(Poel et al, 2007).   

 

Some states are adjusting existing legislation in order to comply with this more recent 

European legislation (Grim-Hanssen et al, 2007).  While energy labelling has been 

required across Europe since 2006, both Denmark and Belgium had certification 

systems in use prior to this date. An identified method to reduce fossil fuel reliance 

was a subsidy scheme used in the Netherlands (Beerepoot 2007). This study recorded 

no association between Dutch energy performance policy and increased use of solar 

thermal systems. Their conclusion is that energy policy tends to modify and improve 

existing technologies and that really new technological responses require stringent 

regulations, such as product bans. 

 

The UK has recently introduced Feed-in-Tariffs which allows the electricity end user 

to reduce the cost of their electricity bills by generating electricity from a renewable 

source and selling this back to the grid (EST, 2010). 

  

Concern has been expressed that within the life time of the building it is not simply 

the times when the building is in use, but the embodied energy of the building which 

should be part of the energy performance of the building. This would make the 

directive closer to being complete. (Szalay, 2007) 
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2.3: The Role of Building Types in Determining Carbon Emissions 
 

2.3.1: Building energy usage 
 

 Energy consumption benchmarks for existing UK buildings are quoted in energy 

units/m2 floor area.(Table 2.1) It is not unexpected that community centres are less 

costly to run than residential care homes in terms of energy consumption. The use to 

which the building is put has a significant effect on its energy consumption. 

Buildings of a specific structural configuration and located in similar climate zones 

will have similar thermal performance only when being used in a similar way eg as a 

residential care home. However if such buildings were then modified to 

accommodate the temporary homeless the needs and requirements would be 

substantially different as illustrated in the CIBSE Guide F.  

 

 
 
 

Table 2.1: UK benchmarks for different building types (extract CIBSE Guide F 
2004)  
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Table 2.2: Energy usage (Architecture 2030, 2008) [Note: units are USA kBtu/sqft. 

Conversion to units of kJ/sq-m may be made using 1kBtu/sq ft  

= 11356 kJ/sq-m]  

 

The distinction between fast food and self storage building uses (Table 2.2) is 

obviously significant in itself and when considered on a distributed basis - where 

more than one example of this distinction exists in a given location - then it is 

important to see the distinction as having a multiplicative effect on the overall energy 

demand. The statistics are important and will influence energy policy and markets. 

How many retail units of a given kind eg supermarkets, clothes stores are needed to 

address the needs of a population? Are home deliveries more energy efficient than 

conventional supermarkets? What are the tensions between the building mix in a 

given location from a market and energy policy perspective? 

 

In the USA energy reduction targets have been set for all commercial building types 

(Table 2.2) Similar work on potential energy reduction has taken place in the UK 

detailing action to be taken for specific office building types in order to reduce their 

energy consumption. (Table 2.3) 
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Table 2.3: Reduction in CO2 emissions against a baseline emission for different 

office building types (SWEET, 2010). 
 

2.3.2: Composition of the urban landscape. 
 
One possible approach to gathering information on the built environment on a large 

scale is remote sensing.  Within an urban context buildings and their attributes (eg 

volume, ground-plans, overshadowing) can be identified remotely using satellite 

imagery or Lidar, (Fig. 2.2a).  There are more than 900 satellites orbiting the Earth. 

(NASA, 2007) A number of these record images of the Earth in various ways and do 

so for various purposes (Citizendium, 2009).   There are issues surrounding accuracy 

and reliability of satellite imagery, (Richards, Jai, 2005) where reference is made to a 

number of distortions which can occur to alter the detection of radiation, including 

the atmosphere through which these data travel. 

 

Satellite images can be used to capture details of the urban environment but much of 

the recorded data is unavailable due to these records being owned by governments.  

(Kokubu and Kohiyama 2001) This leads to expense and time consuming research 

by others.  It is contended that automatic detection is the way to proceed where the 

information from satellite is corroborated by and compared with databases made in 

the conventional way of data acquisition. (ibid.)  
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(a)Google earth satellite                        (b) Building photograph 

Figure 2.2: Remote imagery of 120 Bothwell St., Glasgow, G2 7JS (Google Earth, 

2010) 

 

Analysis techniques include edge location and Fourier transformation. (Fayyad et al., 

1994) Edge location is fundamental in image analysis – irrespective of how the 

image was obtained it is necessary to have a method of extracting the detail in the 

image. Fourier Transforms can be used for analyzing directionality and periodicity. 

(Cui et al., 2005, Bin et al., 2008) The prime tool is the 2-D Fourier transform. This 

is a standard function and can be applied to urban Digital Elevation Model (������   

(Ratti et al, 2005) The example (Fig. 2.3), is a compact way of storing urban 3D 

information using a 2D matrix of elevation values; each pixel represents building 

height and can be displayed in shades of grey as a digital image. 

 
      (a) aerial                     (b) digital elevation model               (c) axonometric view 

Figure 2.3: Case study site in central London (extract ibid.) 
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This approach has been considered to contribute to the study of the urban 

texture,(ibid.) particularly as this is another contributory factor to building energy 

demands and experienced climate. (Landsberg, 1981). 

 

Reconstructing buildings in 3D has been a challenging research topic for at least ten 

years, and will be in future as long as acquisition systems are improving and model 

requirements are increasing.(Elberink, 2008) Despite the fact that many researchers 

present approaches to automatically reconstruct 3D buildings, there are still a 

significant number of problems to be solved.  (Vosselman and Dijkman, 2001; 

Hofmann., 2004 ; Rottensteiner and Briese, 2002, 2003; Rottensteiner et al., 2005; 

Filin et al., 2007; van Gool et al., 2007) 

 

 However the model driven approaches are proving to be robust and popular in rough 

3D city modelling (Kolbe and Bacharach, 2006) although they often present a 

structured view (Fig. 2.3b) in the absence of the ability to incorporate irregular 

shaped reconstructed buildings. (Fig.  2.4) 

 
 

Figure 2.4: Complex building types. (Elberink, 2008) 
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Figure 2.5: Classification of building types (Kokubu and Kohiyama 2001) 

 

Work in this area has shown that this starting point can lead to a fuller knowledge of 

what comprises an urban area through analysis of these images. It becomes possible 

to drill down to individual buildings. (Fig. 2.5). In this way progress can be made 

towards a detailed large-scale view of a city for energy modelling purposes. However 

the prevalence of particular building types is difficult to determine with such 

techniques. 

2.4: European weather 
 
In addition to the internal energy demands based on building types the effects of 

weather in creating the ambient climate context within buildings are significant when 

considering different regions of the UK. 

 

In the general classification of European weather (Fig. 2.6) the UK classification is 

Humid Oceanic. The map of Europe is subdivided into eight subdivisions and the 

entirety of the United Kingdom, along with France is in the subdivision humid 

oceanic.  However there exists a more complex picture in the UK when data are 

presented on variation in temperature and annual sunshine. (Fig.  2.7)  Rather than 

address only average temperatures (Fig. 2.7a), it is gainful to examine average annual 

hours of sunshine (Fig. 2.7b).  Over the UK sunshine varies from 711 to 1140 annual 
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hours of sunshine in the north of Scotland to 1541 to 1865 on the south coast of 

England.  

 

This climate variation is brought into even sharper focus when the reported weather 

data for the UK time averaged over 3 decades (Met. Office, 2007) show that for the 

two cities being considered in this thesis, relatively short distances (less than 

10miles), from either of the two cities centres display a marked difference in average 

annual temperatures, (Fig. 2.8) Glasgow being <90C and Inverness being < 8.50C. 

 

Figure 2.6: Koppen-Geiger Climate classification map of Europe (Printable Maps, 

2008). 

       
(a) Jan. max temp.         (b) Annual sunshine hrs. 

Figure 2.7:  UK Met Office weather maps   
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(a) SW Scotland                                       (b) North Scotland 

 
Figure 2.8: Annual average temperature for the West and North of Scotland (Met. 

Office, 2007). 
 

The two cities, Inverness and Glasgow, all fall into the same sunlight classification 

(Fig. 2.7b). However both cities are on the cusp between two sunlight subdivisions. It 

is reasonable to assume that the average annual hours of sunlight is between 711 and 

1240. (Fig. 2.7b) On closer inspection (Fig. 2.8) the annual average temperature in 

Glasgow is in the range 8.5-10°C while that of Inverness is in the range 6-7.5°C. 

 

In the UK a wide range of data on the climate around principal cities and towns is 

available, (Page, Lebens, 1986) while up to date and historical weather data are 

accessed from Met Office weather stations (NERC, 2006) but, for building design 

purposes at different localities in the UK there is also published what is considered to 

be the expected weather data for hourly, daily and monthly weather conditions at key 

localities in the UK, (CIBSE, weather data, 2005). This is based on historical data 

from weather stations in the UK from which individual months are selected from a 

specific year and summated to give the typical year for that locality. 

 

Finally, at a specific building site a greater awareness of the conditions around the 

building is important, (Fig. 2.9) these conditions alter solar and wind access to the 

building and therefore the bio-climatic conditions within which the building design 

strategy can operate. (Littlefair, 1991; Goulding et al., 1992; Mathur, Chand, 2003) 
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Given the foregoing it is not unreasonable to assume that the Energy Performance 

Certificates being created may not be a true reflection of the energy usage within the 

specific building. Inverness and Glasgow exist in the same Koppen-Geiger 

classification (Fig.  2.5) which would suggest that energy use for heating would be 

similar. However the variations in climate conditions are great even between cities 

fewer than 200 miles apart. The two cities appear to occupy a similar subdivision in 

terms of sunshine hours (Fig. 2.7 b), although different in annual ambient 

temperature (Fig.  2.8). 

 

2.5:  Geographical Information Systems (GIS) 

 
It has been suggested that the drawings made some 15,500 years ago on the walls in 

caves of animals and associated track lines are thought to depict migration routes 

(Lascaux, 2008) and although simplistic these early records could be considered as 

the pre-cursor to mapmaking and modern geographic information systems, ie an 

image associated with attributed information (BBC, 2000). 

 

Cartography or mapmaking has been an integral part of civilisation for a long time, 

from those early cave paintings, the ancient maps58, (Fig. 2.10) through nautical 

exploration59, (Fig. 2.12) on to the maps of the 21st century60. (Fig. 2.12)  

Prevailing wind 

Summer and 
winter sun 

Deciduous tree? 

Figure 2.9: Visual appreciation of micro-climate effects 
on buildings’ locality. 
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One of the first examples cited on the early use of geographical methods in a GIS 

format was in the location of primary sources of cholera in London in the 1840s. 

(Fig. 2.13) 

 
 

Figure 2.10: The world according to Hecatæus, 500BC (Lendering, 2008)  

 

 

Figure 2.11: Nautical map of the Mediterranean, circa 1350AD (Wikipedia, 2008) 
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Figure 2.12: Map of Europe 21st century (Europe Travel, 2008). 

 

Figure 2.13: Cholera Spread in London in 1840s (extract, Crosier, 2008.)  
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The first operational GIS (CGIS) in 1962 was able to store, analyze, and manipulate 

data collected for the Canadian Land Inventory (CLI), to determine the land 

capability for rural Canada by mapping information about soils, agriculture, 

recreation, wildlife, waterfowl, forestry, and land use (Wikipedia, 2007).  

GIS systems have the ability to combine data from a number of sources and present 

them together. For example, given the information on rivers, main roads, smaller 

roads, villages and towns, diverse data can be juxtaposed and therefore inferences 

made which would otherwise be less likely to be drawn. 

The early history of GIS (Tomlinson and Petchenik,1988; Coppock and Rhind, 1991; 

Foresman, 1997) provides an overview of its development while more recently the 

evolution of GIScience has highlighted the issues and fundamental scientific 

problems that have to be resolved if GIS is to be advanced. (Burrough and 

Frank,1995; Chrisman, 1987; Stilwell and Clarke, 2003; DeMers,2003; McMaster 

and Usery, 2004) 

By 1990 GIS software was becoming readily available from software vendors was 

being used on personal computers and by the beginning of the 21st century the rapid 

growth in the various systems had been consolidated and standardized with viewing 

of GIS data over the Internet. There have been in the 1st decade of this century a 

growing number of free open GIS packages which can be customised to perform 

specific tasks. 

 

GIS has been used in relation to building location, earthquakes, (Alparslan et al, 

2008), (Fig. 2.14); the complexity of the expansion of buildings within a University 

complex and maximising the remaining green space,(Hien, Jusuf, 2008), (Fig. 2.15) 

while an example closer to the subject of this thesis (Tornberg, Thuvander, 2003) 

considered the energy demands of residential building (Fig. 2.16) 
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Figure 2.14:  Settlement suitability in Bolu Province. (extract, Alparslan et al, 2008.) 

 

 
Figure 2.15:  University Campus Map. (extract, Hien, Jusuf, 2008.) 

 

In this thesis the possibility of using GIS to develop a built environment energy 

model is investigated, taking various building information data sources and 

identifying the location of the mitigation measures identified to reduce the carbon 

dioxide emissions – a significant proportion of which is attributed to the built 

environment.   
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Figure 2.16: The energy use for the combined heating and hot water for residential 

properties.( extract ibid.) 

 

The GIS energy model should therefore clarify the current situation and help plan 

future developments. 

 

“Geographical Information Systems are computer representations 

of some aspect of the real world” (Heywood et al, 2006)  

2.6: Conclusion 

EPBD is the European legislative context in which the commercial buildings exist 

and is the principal driving force in the reduction of CO2 emissions from domestic 

and commercial buildings 

CIBSE Guide F is the defined guide to the energy demands of the different types of 

commercial buildings in the UK and is used in the evaluation and issuing of EPC. 

The use of satellite imagery and 3D reconstruction modelling has developed rapidly 

in the last decade and will improve as more acquisition systems become available. 

This approach however was not taken further in this thesis but is a fruitful line for 

further research. 
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Although CIBSE data on building energy demands are used in the evaluation of EPC 

for a particular building in a specific geographical area only general weather 

conditions are considered in the assessment. There is clear evidence that this does not 

necessarily lead to an accurate value for that building as location and micro climate 

weather conditions will affect the overall analysis. 

Graphical information systems allow the manipulation of large quantities of data. In 

this thesis use is made of data from a number of sources which are combined and the 

analysis advanced by the use of GIS. 

In Chapter 3, the methodology used in sourcing of data is presented and the 

application of the tools for the consequent analysis assessed. 
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 Chapter 3: Methods 
 

3.1: Data gathering 
 

The Scottish Assessors Association (SAA) holds the records for all commercial 

premises across Scotland (SAA, 2006). For the purposes of this study, information 

was drawn from these records regarding the commercial premises which exist in the 

postcode areas addressed. 

 

For the purposes of forming a record of the information available from the website a 

Webcrawler (Greenspace Research, LCC, 2008) was used.  

 

 “when the size of the Web increased beyond a few sites and a small 

number of documents, it became clear that manual browsing 

through a significant portion of the hypertext structure is no longer 

possible, let alone an effective method for resource discovery” 

(Koster, 1995) 

 

For the purposes of this thesis resource discovery is the use to which robots have 

been put: 

“Perhaps the most exciting application of robots is their use in 

resource discovery. Where humans cannot cope with the amount of 

information it is attractive to let the computer do the work”. (Koster, 

1995) 

The data gathering on the commercial buildings which exist in the central areas of 

Inverness and Glasgow were collected via a java web crawler which scraped 

(Extracting Data, 2009) the data from the web page going through the list of 

postcodes and placed into xml files. Those xml files were able to be opened by excel. 

Once the data are collected, further analysis was carried out using GIS. 

Since 2006 the SAA website has changed and as a result the method employed at that 

time in gaining access to these data no longer yields the same results. 
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 3.2: Graphical Information Systems (GIS) 
 
The data to be addressed and manipulated in this study are in essence geographical.  

GIS has been selected since it is considered the best in terms of the analysis to be 

carried out on the data necessary for this study (GIS.com, 2007). It is necessary in 

this context to combine data from various sources in order to identify and gain from 

the interactions which exist therein. 

 

The style in which the data are held allows relationships between the various data 

sources to be used and thereby further information to be gained from these sources. 

Another feature of GIS is that by its very nature things are kept in their geographical 

context and from that conclusions are easily drawn. 

 

ArcGIS (ESRI, 2007) is an embodiment of GIS which is widely used.  The package 

is very well supported by documentation around it and is used by Inverness and 

Glasgow city councils. 

 

This means that there exist a large number of documents to describe ways to extend 

the functionality of the package and also to extend outward. The results of this study 

will be usable by both these parties since results are presented using the same 

packages they use. 

 

In order to proceed, to ensure that all relevant information was brought to the model, 

it is customary, in GIS projects, to formalise the problem and the approach taken in 

the analysis.   

 

The project begins by constructing and considering a table of questions posed and of 

methods used to construct answers.  Rich picture or root definition is considered to 

be soft systems approaches that help to resolve these difficulties. 

 

In a simple structured problem like ‘identification of properties for sale’, a GIS 

system enables the prospective buyer to know where the houses are (addresses, post 

codes) whether they are for sale and who the sales agents are. 
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Stakeholder Interest  Conflict  

Competitive  consultants Competitive advantage  

Commercial property owner Current EPC: letting value 
£/mth. 

 

Similar property letting 
agencies 

As above: client portfolio Adapt their EPC sales 
literature 

Other interested letting 
clients 

Company energy strategy Not enough 
information 

Property developer Setting EPC rating: building 
standard  

 

Local Authority Revenue income; service 
support  

Confidential 
information 

Energy companies Sales and Marketing value  

Energy efficiency equipment 
suppliers 

Sales and Marketing value  

 
Table 3.1: Some of the examples of interests and conflicts for interested parties in the 

development of a GIS for commercial properties. 
  

However in a more complex problem like the development of a built environment 

energy model more stakeholders and interest/conflicts scenarios emerge (Table3.1). 

 

3.3: Greenspace Research NAEI, Google Maps 
 

The Greenspace Research GIS carbon map (Greenspace Research, 2006) presents 

information from the National Atmospheric Emissions Inventory (NAEI, 2007) and 

superimposes this on a Google map of the UK. (Fig. 3.2a). From this map, selecting 

a specific locality (Fig. 3.2b) the average carbon emissions is displayed. (Fig. 3.3)  
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(a) UK general                                                          (b) Specific locality 

Figure 3.2: Greenspace Research UK carbon map. 

These classifications (Fig. 3.3) are in common with the EU SNAP system. The 

comprehensive guide to the atmospheric emissions inventory methodology for each 

of the emission-generating activities listed in the current versions of the Selected 

Nomenclature for Air Pollution (SNAP97) provides these estimates (EEA, 2002). 

 
Figure 3.3: The distribution of the contributing carbon emissions within the 11 

different emission types/km2 within the city of Glasgow. 
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It is possible in certain instances to focus on site specific localities within a selected 

area. (Fig. 3.4) and produce a 1km2 profile (Fig. 3.5) 

      
Figure 3.4: Specific 1 km2 localities within the City of Glasgow.  

 

The Greenspace Carbon Map provides an insight into the CO2 released by various 

sources throughout the UK. These emissions are categorised according to an EU 

standard in order that the calculated emission levels can be compared internationally. 

The composition of the calculated emissions is presented in a standard fashion. The 

work described in this study incorporates Greenspace Carbon Map information and  

more detailed investigations of Glasgow and Inverness.   

    
 

Figure 3.5: The specific 1 km square emission profile within the city boundary. 
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3.4: Commercial buildings. 
 
Using the data gathering technology (3.1) a record of the commercial buildings 

which exist in Glasgow G1 and G2 as well as Inverness IV1 and IV2 was made. 

From this record it was possible to identify the building uses most prevalent in these 

post code areas.  

 

Buildings use different amounts of electricity - a key CO2 contributor - depending on 

the use to which they are put. CIBSE has produced a guide part F (CIBSE Guide F., 

2004 )which collates the information drawn from a number of previous works in this 

area to give average figures for energy use of particular commercial building types. 

(Table 3.2) 

 

 
 

Table 3.2: Benchmarks for existing building energy usage. (Part F, table 20.1, p 20-
3) 

 

In this study, this information is used to ascribe energy use information to the 

commercial buildings in the two cities under consideration.  

3.5: Electricity 
 

The electricity usage across Scotland is recorded (DECC, 2009).  The level of detail 

which exists is not so as to enable association of energy usage uniquely to a 

particular set of buildings but the energy usage for the postcode area IV1 has been 

sourced elsewhere. (Watson, 2009 pers. comm.) However the overall electricity 
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usage in Glasgow is recorded but is subdivided into 134 individual components 

within the city with no reference to postcodes 

 

In order to gather information about the energy use of the particular postcode areas 

considered in this study, and only the commercial buildings therein, each building is 

considered, its use type recorded and an energy use figure calculated. 

 

3.6: Summary 
 

• Data were gathered through the use of the Greenspace Research’s developed 

java web crawler. 

• The Greenspace NAEI Google mapping system was used in identifying the 

carbon emission profile on a 1 km2 basis. 

• Extracts from SAA using the data gathering techniques allowed the 

identification of the different commercial building in specific post code areas. 

• Typical energy consumption data for different commercial building types 

were applied across those most prevalent within each of the selected post 

code areas.   
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Chapter 4 Results  
 

4.1: General Carbon Emissions  
 

4.1.1: UK Profile. 
 
The Carbon emissions throughout the UK are generated from a variety of sources 

among these being transport, industrial, residential and commercial using a clearly 

defined procedure (DEFRA, 2008) to produce a profile for the country in its entirety. 

(Fig.  4.1)  

 
Figure 4.1: Profile of Carbon dioxide (tonnes/km sq.) (ibid) 

 

These data are sub-divided into emissions associated with commercial and industrial 

activity and a similar profile of residential. (Fig. 4.2) 
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Using the GIS modelling tool developed by Greenspace moving to a finer scale than 

the general picture of that produced for the whole of the UK, (Fig.  4.3a) a visual 

portrayal of the total carbon emissions for Scotland (Fig. 4.3b) illustrates the relative 

emissions from the various conurbations.  

 
       Residential                                           Industrial/commercial 

 
Figure 4.2: Carbon emission profiles for the two sectors, Residential and 

Industrial/commercial (Defra, 2008) 
 

        
(a) UK                                                          (b) Scotland 

 
Figure 4.3: Visual portrayal of emissions. (GRC) 
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4.1.2: Postal code  
 
To provide insight into the emissions generated by cities two examples are studied in 

detail, Glasgow and Inverness. To give a greater context within Glasgow for the 

location of postcode areas G1 and G2, (Fig. 4.4a) they are located beneath the right 

angle described by the motorway which proceeds through the city from west to east. 

These post code areas, G1 (blue) and G2 (red) (Fig. 4.4b) each has an area of 

approximately one square kilometre. 

 

      
(a) city centre (Google map)           (b) postcodes G1 and G2 (GRC) 

 
Figure 4.4: Overview of Glasgow and the surrounding areas. 

 
The postcode areas IV 1(red) and IV 2(yellow) are ~ 30 and 700 km.2 (Fig.  4.5), 

however, the bulk of IV1’s commercial buildings are located to the urban area south 

of the estuary. (Fig. 4.6) 

       
 
(a) Inverness and environs. (Google map) (b) Post codes IV1 and IV2 (GRC) 

Figure 4.5: Overview of Inverness and the surrounding areas  
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(a) Google map                                              (b) postal IV 1 1 (GRC) 

Figure 4.6: Inverness IV1 1; South of the river 
 

The IV1 postcode area is larger than the combined area of Glasgow's G1 and G2 

postcode areas. However, considering specifically the IV1 1 postcode, using the 

GRC model, it was possible to provide a visual insight to overall emissions (a01, 

energy production through to a11, natural production) in the developing city. (Fig. 

4.7) 

 

 The total emissions are greatest in specific sub divisions of IV1 1 (red; > 2737 

tonnes CO2) while the peripheral IV1 1 areas show a lower level. (orange >2127 

tonnes; yellow >1732 tonnes) Unfortunately the GRC model does not identify in the 

a01 �a11 classifications (ch3 fig 3.3) the emissions contribution of commercial 

premises. 

 
Figure 4.7: Visual profile of the total carbon dioxide emissions from Inverness postal 

code IV1 1 (GSC mapping) 
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A similar profile on the estimated carbon dioxide emissions for the combined 

domestic and industrial (a02 and 03) using the GRC-NAEI Google mapping system 

for the central city postal districts G1 and G2 (Fig. 4.8) indicate that the highest 

levels of CO2 emissions centre around the bus and train terminals 

 
Figure 4.8: Detailed CO2 emissions from residential and commercial building in 

Glasgow G1 and G2. (GRC mapping) 
 

4.2: Commercial Buildings 
 
An initial inspection of both city centre areas (SAA,2008) gave a profile of the 

commercial rated sites within the specific postcode areas (Table 4.1) and although 

there was a vast array of site usages in each sector it was possible to eliminate the 

non commercial sites i.e. parking, graveyards, vacant sites and public toilets.  

 

Beyond this, in the remaining commercial sites again there was an eclectic mix, 

(Table 4.2 – 4.5) but although certain of these individual commercial sites may well 

be high energy users, for this thesis, it was the most prevalent building use types  that 

were extricated from the Scottish Assessors Association data. (Table 4.6) 

Postcode IV1 IV2 G1 G2 
Area (km sq.) 30 690.5 1.33 0.93 

Commercial sites 963 1086 2387 2963 
Population 2010 39764 3429 1433 

Population Density 67 58 2588 1540 
Density (rateable 

sites/sq km.) 
31 

 
<2 1800 

 
3186 

 
Table 4.1: The portrait of what exists in postcode areas. (extract SAA, 2008) 



 

 59

 
Art Galleries Library 

Banks Casino/nightclub 
Leisure facilities Mortuary 

Churches Offices 
Schools/Colleges Shops 

Garages Restaurants 
Hotels/guesthouses/hostels Warehouses  

Tourist centres Pubs 
Court houses Workshops 

 
Table 4.2: General classification of commercial building types within IV1 

 
Auction rooms Council offices 

Banks Offices 
Bus/Rail Stations Pubs 

Colleges Restaurants 
Football grounds Retail warehouses 
Leisure facilities Stores 

Garages/filling stations Showrooms  
Factories/workshops Apartments 

Hotels/guesthouses/hostels Caravan sites 
 

Table 4.3: General classification of commercial building types within IV2. 
 

Art centres Libraries 
Banks Shops 

Leisure facilities Offices 
Churches Buildings being constructed 
Colleges Awaiting demolition 
Garages Public Houses 

Halls Department stores 
Hostel/guesthouses Restaurants 

Hotels Factories 
 
Table 4.4: General classification of commercial building types within Glasgow G1. 

 
Art centres Shops 
Bus stations Department stores 

Churches Buildings being constructed 
Cinemas Awaiting demolition 

Garages/filling stations Public Houses  
Factories Restaurants 
Hospital Offices 

Leisure facilities Hotels/guesthouses/hostels 
 

Table 4.5: General classification of commercial building types within Glasgow G2 
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IV1 IV2 G1 G2 

Office-205 Office-190 Office-825 Office-1750 

Shop-160 Shop-158 Shop-692 Shop-622 

Workshop-138 Self catering apartment-75 Store-133 Store-169 

Warehouse-111 Workshop-42 Public house-98 Public house-96 

Total:    614 545 1748 2637 
 

Table 4.6: Postal Code most prevalent commercial premises distribution 
 

In IV1 the most prevalent, 83%, of the rateable building uses are offices, shops, 

workshops and warehouses. (Fig.  4.9.a) while G1 has 73%, (Fig. 4.10.a) of offices, 

shops, stores and public houses, A similar profile was established for IV2 and G2 

(figs. 4.9b and 4.10b). 

 
 

      
 

(a) IV1                                                            (b) IV2                                              
 

Figure 4.9: Commercial building distribution in Inverness  
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(a) G1                                                           (b) G2 
 

Figure 4.10: Commercial building distribution in Glasgow. 
                                                  

4.3: Rateable values. 
 
In order to proceed from number of buildings to an understanding of their size and 

therefore their heating, lighting and other running costs in this study the rateable 

values are considered to reflect the building size. This is a complicated area where 

building type/use, dimensions and location are involved with a building’s rateable 

value being enshrined in law. (Valuation and Rating {Scotland} Act,1956.) 

 

Building Type IV1 IV1 IV2 IV2 

 Max. Rateable 
value 

Min. Rateable 
value 

Max. Rateable 
value 

Min. Rateable 
value 

Offices £185,000 £525 £370,000 £750 
Shops  £477,000 £4750 £825,000 £800 

Warehouses £190,000 £3100 -------- -------- 
Workshops £86,000 £1750 £105,000 £175 

Self catering 
apartments 

-------- --------- £12,500 £325 

 
Table 4.7: The Range of Rateable Values in Inverness City Centre (extract SAA,  

2008) 
 

The range of rateable values of the most prevalent commercial buildings in both city 

centre post code areas (Table 4.7; 4.8) as of 1st April 2005 illustrate the extremes, 

particularly in the centre of Glasgow ranging from £3 million to £250 for offices and 

£2 million to £375 for shops. 



 

 62

 

 The statistical distribution with a 95% confidence interval about the mean rateable 

value of each of the most prevalent building type in these two city centres are (Fig. 

4.11:4.12) do indicate in some cases the wider range of rateable values for a 

particular building type.  

 
 

Building Type G1 G1 G2 G2 

 Max. Rateable 
value 

Min. Rateable 
value 

Max. Rateable 
value 

Min. Rateable 
value 

Offices £1.43*106 £350 £3.0*106 £250 
Shops  £2.15*106 £1025 £1.95*106 £375 
Stores £101,000 £250 £150,000 £180 

Public Houses £270,000 £9300 £270,000 £11,400 
 

Table 4.8: The range of Rateable Values in Glasgow City Centre (extract SAA, 
2008) 

    
(IV1)                                                          (IV2) 

 
Fig 4.11: Statistical distribution in IV1and 2 of Rateable Value, (RV)  
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(G1)                                                       (G2) 

 

Figure 4.12: Statistical distribution in G1and 2 of Rateable Value (RV). 

4.4: Floor areas 
 

In Scotland there was no published relationship between floor area and rateable value 

for building types. In order to circumvent this problem an internally consistent set of 

assumptions was used, largely based on data for G1 as of March 2003, (Table 4.9) 

(personal comm. Anderson, 2008) where the total floor area for a range of different 

types of commercial buildings was available. The method of establishing a 

relationship of RV/m2 for these two Scottish cities and the consequent energy 

demands is illustrated in the algorithm below. 
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From this it was possible to establish an average unit floor area for three of the most 

prevalent commercial buildings (table 4.10) the unit floor areas for shops, offices and 

warehouses were 301, 277 and 328 m2 respectively.  

 

For self-catering apartments the floor areas were based on a size consistent with 

domestic property, 100m2 (BRE, 2007) while using the energy consumption in public 

houses consistent with CIBSE Guide part F and an annual turnover of public houses 

in G1 of £150,000 pa.  (Bruce & Co, 2008) the average floor area for these properties 

was 150m2.  

 

However in the absence of data for the specific building types, workshops and stores, 

as classified by SAA, an assumed value of average unit floor area had to be 

established. In this work it was based on the following:- 

1. Using the ratio of min rateable values in G2 stores/shops (0.48, table 4.8) the 

unit floor area for stores was taken, 144m2. 

2. Using the ratio of min rateable values in IV1 warehouses/workshops (0.56, 

table 4.8) the unit floor area for workshops was assumed, 185m2. 

4.5: Rateable value per m2 floor area 
 
For Glasgow G1 the total number of the most prevalent building types was 1748 

(table 4.6) and the total rateable values for all  of these, offices, public houses, shops 

and stores (Table 4.12) were obtained (SAA, 2008). Using these, plus the total floor 

areas based on the unit size, (table 4.10) and their number an estimate of the mean 

rateable value/m2 of those was created. (Table 4.12)   

 

The public houses at £308/m2 was the highest individual estimate with an overall 

average for all of the most prevalent commercial buildings in the Glasgow G1 district 

predicted to be £180/m2. 
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Glasgow 
G1       

User Class Total no. of 
Units 

Gross floor 
area (m²) Description  

1 806 243,066 Shops 

2 81 21,648 
Financial, Professional 

institutions, Banks, 
Building Societies 

3 82 20,776 Food and Drinks 
establishments 

4 864 240,169 Business, offices, R&D  
and light industry units 

5 30 15,325 General industry-factories 

6 70 23,010 
Storage and distribution 
(warehouses, cash and 

carry) 
7 22 7,742 hotels, hostels 

8 9 467 Hospital, nursing homes, 
residential institutions 

9     Houses 

10 17 90,889 
Museums, libraries, public 

halls, nurseries and 
schools 

11 10 7,120 

Assembly and leisure- 
cinemas, concert halls, 

bingo, casino, disco sport 
centres. 

 
Table 4.9: The Recorded Data of commercial floor areas in Glasgow G1. (Anderson, 

2008) 
 
 

Building Type Floor size: m2 

Offices 277 
Shops 301 
Stores 144 

Workshops 185 
Warehouses 328 

Self-catering apartments 100 
Public houses 150 

 

Table 4.10: Derived table of unit floor area in the most prevalent building types. 
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Building 
types 

Number of 
sites 

average rateable 
value, £ 

Total  rateable 
value, £ 

Offices 825 32189 26555925 
public 
houses 98 46188 4526424 
shops 692 76344 52830048 
stores 133 6350 844550 
Total 1748 161071 84756947 

 
Table 4.11: Total rateable values for building types G1 

 
 

Building Types Rateable value/m2 

Offices £116 
Shops £254 

Public house £308 
Stores £44 

Average £180 
 

Table 4.12: Estimated RV/m2 for the most prevalent building types, G1 
 

4.6: Energy consumption. 
 
The tables in CIBSE guide part F quote energy consumption figures (kWh/m2 per 

year) for good and typical practice within a range of building types. To be consistent 

throughout, typical electrical energy consumption data was selected for all the 

buildings in this study and assumed to be the same for each city.  

 

There is a wide range of building energy benchmark figures quoted (CIBSE guide F 

table 20.1-20.6) for each of the most prevalent building types found in the two city 

centres. Typical practice values for electrical energy benchmark (Table 4.13) were 

taken as a first case scenario in the light of the uncertainty in the overall spectra of 

the assortment of building types.  

 

These benchmark values were then used to calculate the electrical demands of the 

most prevalent commercial buildings (Table 4.6) in each of the cities post code area. 

(Fig. 4.14, 4.15)  
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Building Type Energy Demand, kWh/m2 

Offices, air con standard 226 

Self-catering  220 (BRE, 2006) 

Shops, dept store(all 
electrical) 

259 

Workshops, (assumed ~DIY 
store) 

160 

Warehouses, distribution (all 
electric) 

 101 

Average, retail stores (all 
electric) 

187 

Public houses 3.5* 

 
Table 4.13: Data used for the calculation of electrical energy usage within the city 

centres. (extract CIBSE Table 20.1-20.6. Part F)  
*(Bruce &Co, 2008) 

 

     
 

Figure 4.14(a): Energy profile in Inverness IV1 

      

Figure 4.14(b): Energy Profile in Inverness IV2. 
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Figure 4.15(a): Energy Profile in Glasgow G1 

        

Figure 4.15(b): Energy profile for Glasgow G2.                        

   4.7: Energy and Carbon Estimates 
 

Taking the data of energy demand from the different postal code dominant 

commercial buildings, (Fig. 4.14-15), and summating their energy demands a total 

figure for each postal code area can be created. (Table 4.14) 

 

To present the information on energy demand in the two city centres considered in an 

equivalent CO2 format, it is possible to convert electricity demand to an equivalent 

expressed in terms of kilograms of carbon dioxide emitted. (Defra, 2009) When the 

amounts of electricity are translated using a standard conversion factor, (ibid,Table 2, 
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Emission Factor; 0.52665 kgCO2eq / kWh for CO2 consumed, year 2005.) the carbon 

dioxide emission as a consequence are obtained. 

 

Postcode area Energy demand 
GWh 

CO2 Emissions, kg. 

IV1 33.58 17.685x106 

IV2 28.11 14.804x106 

G1 114.23 60.16x106 

G2 166.48 87.68x106 

 

Table 4.14: Total CO2 emissions from the dominant commercial buildings in the 4 
considered postal code areas. 

 
 

4.8: Inverness commercial building distribution. 
 
 
As a postscript to this results section it was felt necessary to include the work that  

was undertaken by Highland Council (personal communication, T. Cameron, ICC 

2008) to understand the consequences of foreseen growth in the city as Aberdeen, 

and links with Aberdeen, grew more economically important.  

 

The project that took place audited the existing building stock in Inverness so as to 

provide a baseline before the planned growth (Table 4.15) and this was used in the 

report (Brook Lyndhurst, 2006) on what will be required in achieving the 2050 CO2 

emission targets for Scotland.  

 
Types of buildings Building No. 
Highland Domestic 100,000 

Highland Industrial & Commercial 8,000 
Inverness Domestic 25,500 

Inverness Industrial & Commercial 1900 
Floor Space:  Ind. Com. Inverness. 1.400,000m2 

 
Table 4.15: Inverness and Highland region nominal building profile. (mod. Brook 

Lyndhurst, 2006) 
 

It was the only city which had recorded building floor areas in the 

industrial/commercial sector. Although changes may have taken place in Inverness 
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since the initial study by ICC- early 2001, it would have been a good baseline from 

which to start a more detailed study within these post code areas. 

 

However the more detailed commercial building data (Cameron, 2008) only made it 

possible to create a profile of Inverness and its environs in respect to the number of 

specific building types. (Fig. 4.15a) Emissions from the area are recorded but are 

compromised in that they include both residential and commercial premises (Fig. 

4.15b).  

 

As expected (Fig. 4.6) it was in the IV1 1 post code area that there was the highest 

number of commercial businesses, (Fig. 16 red, >225) with the industrial expansion 

of Inverness predominately to the east towards the Airport along the A96 that links 

Inverness to Aberdeen. (orange, >83 businesses) The number of commercial 

buildings out with the centre of Inverness was low.(yellow, < 9 and white, 0) 

 

It was unfortunate that the data were not broken down to a sufficient level of detail 

such that an estimate of RV/m2 floor area could be made. Within the timeframe of 

this thesis the data for Glasgow did allow an opportunity to do so. 

 

   
        (a) Commercial building count                       (b) Total CO2 emissions 

Figure 4.15: Greenspace ArcGIS information on Inverness and its environs. (adapt. 

Cameron 2008) 
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Figure 4.16: General distribution of commercial buildings within Inverness. (GRC 
mapping) 

 

4.9: Conclusions 
 
With the data collected and presented in this chapter along with the assumptions 

made the possibility to extend the existing Greenspace Research NAIE ArcGIS 

carbon emissions model is explored in the next chapter. 
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Chapter 5 Discussion 
 

5.1: Introduction 
 

Since beginning work on this thesis a number of developments have taken place. 

Recent events have included: 

5.1.1: Progress in the UK 
 

Legislation introduced towards the end of the last decade (DCLG, 2008) requires the 

display of a Display Energy Certificate (DEC): according to legislation: this 

regulation applies to public authorities, and institutions providing public services 

operating from buildings with a total useful floor area greater than 1,000 m2.  They 

must at all times have a valid advisory report in their possession. 

 

From the time when these certificates were introduced, a number of results have been 

obtained. 

1. Of 30,000 issued DECs for public buildings over 50% of the ratings were in 

the D and E band range. This was revealed by a request under the freedom of 

information rules (CIBSE, 2010) to the Dept for Communities and Local 

Government. However ~18% were recorded at G-grade. This was 

unsurprising as this grade is broad and catches all those buildings that emit > 

150% of the median value. 

2. Initially, DECs are only required for large public buildings, however in a 

speech to the UK’s Green Building Council the Housing Minister John 

Healey said that the government was taking seriously calls for this to apply to 

commercial buildings also. (ibid.) 

3.   A road-map to deliver zero carbon non-domestic buildings by 2019 has been 

outlined by government ministers. There was a full consultation document 

with a closing date of 26th Feb. 2010 (DCLG, 2008).  
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4.  There has been further discussion on the issue raised in item 2, the subject of 

categorisation has been addressed and the matter of taking into account more 

than just the use phase of a building discussed.  The credibility gap between 

the energy use recorded at outset that is when the building was commissioned 

and what it uses in reality should be calculated and be part of the certification 

process.  All information on this subject is now collected and can be accessed 

from a central point (Zero Carbon Hub, 2009). 

5. Zero Carbon Buildings has been a focus in terms of reduction in carbon 

emissions since it is calculated that emissions caused by commercial 

buildings are responsible for a high percentage of the UK’s emissions. (Ch.1) 

The UK government has issued documents and sought responses in order to 

be able to comply with their pledges under the Kyoto agreement. (Com. and 

Local Gov., 2009) 

An attempt at energy planning on a larger scale (TEP, 2007) was part of the UK's 

presidency of the G8 nations with an aim to reinvigorate the UN’s agenda 21 process 

to plan for local action to combine with action nationally and internationally.   

 

“The northwest of England is a region of disparity; it is home to some 

of the most valued landscapes in the country, but is also blighted by 

industrial dereliction and socio-economic dysfunction. In the UK, 

Liverpool and Manchester City-regions are renowned for their post-

industrial legacy, and were in this study the primary focus of 

renaissance and growth investment in the region. In order to 

contribute effectively to the development and management of an 

integrated, multi-functional Green Infrastructure, it was 

recommended that the various organisations and individuals work 

together across a range of themes and toward common goals.” (TEP, 

2007) 
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It was argued that local action must be coherent with that which was taking place on 

a larger scale.  

 

The conclusion drawn was that built developments should be matched by 

improvements to the environment, including the provision of a diverse and well-

managed green environment extending beyond Manchester and Liverpool, 

developing sustainable regional communities. The importance of what exists between 

cities was highlighted and from this was drawn a fuller picture of the problems which 

exist and the methods by which these can be addressed in a social, economic and 

environmental way so as to maximise the community benefit. The study identified 

the benefits which exist when moving from the Micro scale to the Macro scale.  

 

5.1.2:  US perspective 
 

 At the same time as the UK’s progress has taken place, activity has taken place in 

the US. The numbers of commercial buildings in the USA account for roughly 

7.0*109 m2 of floorspace. (Pike, 2009), which means both that the USA problem is 

larger and steps made to ameliorate this situation ought to have greater impact 

 

After leaving the White House, President Clinton created the Clinton Foundation to 

focus on the areas where he could make the most difference as a private citizen. One 

of the Clinton Foundation projects is to reduce the impact of cities on climate change 

(Clinton Climate Initiative, 2010). Reversing climate change is seen as the defining 

aim of the 21st century. This view is shared by Lord Stern, author of seminal work 

on climate change planning in the UK. (Com. and Local Gov., 2009) 

The Clinton Climate Initiative (CCI) aims to create solutions to the core issues 

motivating climate change.  The CCI employs a holistic approach, addressing the 

major sources of greenhouse gas emissions and the practices that cause them. One 

example of the work done by the initiative was the retrofit of the Empire State 

building (Fig. 5.1) which has led to a reduction in the amount of annual energy 

consumption by 38% during the operation phase of the building’s life (ESBNYC, 

2010). 
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Figure 5.1; Empire State Building, New York (ESBNYC, 2010). 

The success of this initiative has resulted in spurring the retrofitting of a further 500 

commercial buildings within the next 5 years (Rocky Mountain Institute, 2009). 

The American Recovery and Reinvestment Act sought to motivate progress in the 

built environment with the aid of significant funding - $29.5 billion - for renovations 

to federal buildings (Recovery.gov, 2009). The General Services Administration 

(GSA), the independent agency of the United States government will be responsible 

for the implementation of this Act. 

The present total potential market for major green renovations in the commercial 

building sector is approximately $400 billion and with this government assisted 

initiative comprehensive efficiency retrofits will more than triple in annual revenue 

by 2013. (Pike, 2009) 

In the US a rating scheme similar to that in the UK has evolved. It is overseen by the 

US Green Building Council, (USGBC) and through a similar certification process 

buildings are classified in terms of compliance with the Leadership in Energy and 

Environmental Design (LEED) green building rating systems. Green Building 

Council members, representing every sector of the building industry, developed and 

continue to refine LEED.  In the USGBC’s extensive rating systems the eight major 

categories addressed are:- Location and Planning; Sustainable Sites; Water 

Efficiency; Energy and Atmosphere; Materials and Resources; Indoor Environmental 

Quality; Innovation and Design Process and finally Regional Priority. 

In LEED 2009, the maximum number available is 100 for the first six categories, 

plus 6 points for Innovation in Design and a further 4 points possible for Regional 

Priority. Buildings can be qualified between the following levels of certification: 
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1. Certified - 40 - 49 points 

2. Silver - 50 - 59 points 

3. Gold - 60 - 79 points 

4. Platinum - 80 points and above 

5.1.3: Global perspective 

Whilst the emissions for which the US and the UK are responsible are significant, 

there are other nations which contribute to the global carbon dioxide emissions and 

are therefore involved in global attempts to reduce these emissions. (Ch.1) 

 The C40 Large Cities Climate Leadership Group (CCL) was formed with the 

objective of reducing emissions of greenhouse gases from urban areas and had its 

first summit meeting in 2005 (C40 Cities, 2010). To achieve this objective, the group 

has entered into a partnership arrangement with the Clinton Climate Initiative 

(Clinton Climate Initiative, 2010)  to develop programmes for cities. The successive 

summits have helped mayors to deliver action plans to combat climate change. Each 

summit has brought together these forty mayors from the world’s major cities, (Fig. 

5.2) their senior staff and business leaders where delegates have shared best practices 

and identify collaborative projects. 

  
 

Figure 5.2: 40 of the largest cities committed to addressing climate change. (mod. 
extract ibid.) 

At the third summit in Seoul it was scheduled to have the next summit in Sao Paulo 

in 2011 and the group has promised a number of action points, including the creation 

of procurement policies to speed the uptake of climate-friendly technologies and 
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influence the market for such technologies.  Because of the issues, (Ch.1) it is 

considered to be an important time for cities to work together on this issue.   

The United Nations established in 2006 the Sustainable Buildings and Construction 

Initiative (SBCI) in partnership with building sector stakeholders. SBCI is hosted and 

coordinated by the United Nations Environment Programme (UNEP) and guided by 

the SBCI board, elected by the SBCI membership (UNEP, 2010). 

The four priority areas of SBCI are:- 

1. Establish a global benchmarking system for sustainable buildings. 

2. Assist governments to develop policy tools and packages to favour 

sustainable buildings. 

3. Provide input to the Kyoto Protocol on how to support energy efficiency 

projects in buildings better. 

4. Develop and highlight the benefits of sustainable building approaches in 

developing countries. 

Further progress on this global prospective is being made by an international 

organisation collecting and developing bodies which exist in an ever increasing 

number of countries around the world. This World Green Building Council (WGBC, 

2008) has announced the formal acceptance of the Green Building Councils (GBC) 

of Spain, Poland, Netherlands and Singapore as fully established members of the 

GBC Network. This brings the number of Member Councils to 20. A further 46 are 

working to establish GBC’s in their respective countries promoting the 

transformation to a sustainable built environment.  

5.1.4: Google Earth development. 

Google Earth has rapidly become the means by which the world and all 

developments therein, are mapped. It can be described as a map and geographical 

information program; it has become widely used and was originally created by 

Keyhole, Inc. a company involved in the process of mapping (Wikipedia, 2011). It 

maps the Earth by the collection of images obtained from satellite imagery and aerial 

photography and presents them together in an appropriate format.  
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The Google Earth platform has seen many developments both in (geographical) 

scope and detail. One of these developments is Street View which has allowed access 

to the buildings which comprise settlements of all sizes up to and including cities. As 

recently as April 2008, Google integrated Street View into Google Earth with 

continued updates that now implemented SV in most of the major cities. (Fig. 5.3) 

 

Figure 5.3: Street View (SV) of a road junction in Manchester, England. (extr. 
Google Earth, March, 2010) 

 

It is not possible to derive from viewing SV anything other than simply an 

acknowledgement of the existence of buildings and their distribution.  This 

information is only slightly more useful than one of the sources which provide a 

record of the commercial buildings in a postcode area.  Information about energy use 

is not available.  As a means to achieve this information what is required is floor area 

and that is not one of the features available in the currently available release of 

Google “Street View”.   
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5.2: Building Distributions.  
 

5.2.1: Rateable Values 
 
In Scotland, the Scottish Assessors produce a rateable value based on the annual 

rental value of the property. Rates are paid based on a proportion of that rateable 

value. A multiplier is applied, known as the poundage which is set annually by 

Scottish Government Ministers. The Scottish Government has determined that the 

poundage in Scotland will not exceed the equivalent English rate for the lifetime of 

this Parliament (Scottish Government, 2011). For Scotland in 2010-11 this multiplier 

is 40.7 while in England and Wales it is 41.4 (VOA, 2010). 

 

Each five years non-domestic property are assessed, and given new rateable values to 

reflect changing rental levels. The 2008 revaluation came into effect on April 1, 

2010. 

 

Although the front page of the Scottish assessors association website has changed 

recently (SAA, 2006), it is still not possible to learn about floor areas of buildings 

generally but it is still possible to find buildings, building use, address, rateable value 

but not size. For England and Wales, more information is held on records. In this 

case it includes-building use, rateable value and perhaps most usefully floor area 

(DCLG, 2008). The floorspace of commercial and industrial properties in England 

and Wales was ~ 596 x106 m2 and to look on a more local basis, the North West of 

England has the highest recorded percentage of commercial and industrial floor 

space (14%).  

 

The average rateable value of commercial and industrial properties in England and 

Wales was £65 per m2. While the rateable value varies by property type, varying 

between retail premises at £128 m2 to factories at £29 m2.  

 
 

 5.2.2: Postal code boundaries. 
 
Building data drawn from postcode areas with irregular boundaries are difficult to 

correlate with information on atmospheric emissions drawn from NAEI regular grids 
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and records of how the buildings are distributed on the ground. Because of this 

issue, it is difficult to directly associate emissions with the built environment at a 

fine grained level. The emissions information used in this study is based on the 

NAEI-National inventory record which presents estimates of emissions of various 

gases.  This information exists on the basis of a grid of cells each a square kilometre 

in size.  The information on the existing building stock is recorded is on the basis of 

postal code areas.  Postal code areas are not of the same size as the square kilometre 

basis of the atmospheric information. (Fig. 5.4) 

 
Figure 5.4: Representation of the irregular shape of postcode areas superimposed on 

the regular 1km2 grid formats for atmospheric emissions records.  

 

As an example, in Figures 4.1b and 4.2b, it is noted that the postal code areas 

concerned are neither of the same size, or a regular shape. The consequence of this is 

that the information as it exists is not such as to enable ready association between 

emissions recorded (Fig. 3.3) and buildings (ch.4.2) other than the total domestic and 

commercial generation of emissions (Fig. 4.7-8)  

 
5.2.3: Commercial buildings spectrum  
 

There are a large number of buildings (>900) in each of the Inverness and Glasgow 

post-coded areas investigated and there is a substantial distribution of different 

building types within these totals.  There are also a number of individual buildings, 

for example universities and hospitals that will consume large amounts of energy in 

their operation. 
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This study focuses on the most prevalent building types in each area in order to gain 

an appreciation of the distribution of building energy use taking place in each city 

centre area.  

 

The buildings most prevalent in the city centre postcode area may not be those which 

use the greatest amount of energy.  The size of the buildings is not taken into 

account, simply their existence.  Therefore two key issues - the size of the buildings 

and the high energy users - have not been identified. 

 

The number of commercial rateable sites in Inverness post codes is noticeably lower 

than in Glasgow post code areas. (Table 4.1) The population density of both 

Inverness postcode areas is much smaller than that of the Glasgow post codes. 

Glasgow has a combination of high population density and high population of 

commercial buildings. 

 

Within Inverness post code areas there are building types in common with Glasgow 

(banks, colleges, garages and restaurants) but there are also differences that reflect a 

wider distribution of commercial emphasis in the larger city. There are shops, tourist 

centres and churches listed within IV1 while in IV 2 bus/rail stations, caravan sites 

and apartments are listed. Glasgow G1 has libraries and colleges, Glasgow G2 has 

bus stations and a hospital, and there are a number of building types in common: 

both post codes feature hotels and shops.(Table 4.4-4.5) 

 

Comparing IV1 and 2 (fig 4.9, a-b) although the two post codes have in common 

offices and shops there exists a marked difference in the other two building types. 

Warehouses are the fourth most prevalent building type in IV1, but disappear from 

the top four in IV2. Workshops have markedly decreased from 23 to 9% in IV2. IV2 

is a large post code with an area of 690km2, (Table 4.1) and 16% of the commercial 

sites are self catering apartments.  It can be concluded from this evidence that the 

character of these two post codes is different, IV2 being essentially outwith what 

could be defined as the commercial city centre of Inverness. 

 



 

 82

Looking at the building distribution in G1 and G2 (Fig. 4.10, a-b) there is only a 

subtle difference between the two districts; G2 being of a higher commercial 

character (66% offices) in comparison to G1.  

 

The postal code energy assessment (section 4.5) only considers the identified most 

prevalent commercial buildings in each of the central postal areas of the two cities. 

But it is appreciated that the character and distribution of these within and between 

these two cities is also significant, (Fig 4.9-10) which is a reflection of the relative 

age of these two settlements. 

 

However it must also be appreciated that in this selection of the dominant building 

types in each of these city centre post code areas the reality is that the impact of less 

prevalent buildings will or could have a greater impact within IV1 and 2 since their 

selection is more diffuse. (Table 5.1) 

 

Postal code IV1 IV2 G1 G2 

Total of four most prevalent building 
types 

614 545 1748 2637 

Proportion of total buildings 64% 50% 73% 89% 

 

Table 5.1: Prevalent building types % of commercial building stock. 

 

5.2.4: Rateable Values 
 

In the central post codes of Inverness it is apparent that IV2 features a larger 

maximum rateable value across offices, shops and workshops.(Table 4.7) It is also 

noteworthy that when minimum RVs are considered the comparisons between the 

two post code areas is not consistent. There is a marked difference in both shops and 

workshops in respect to the minimum RVs. This is a direct reflection of the character 

of the two post code areas (fig 4.2) in that IV1 is more urban than IV2 and will 

therefore have a higher revenue turnover/unit floor area.  

 

The minimum RV for offices is considerably higher in IV2 that that in IV1 which 

would suggest that office space is more readily available in the less urban IV2.The 
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maximum RV for shops of +£800k, almost 2x’s that in IV1, appears anomalous. This 

however is a reflection of the region’s geographical size and the fact that out-of-town 

super store shopping complexes are included as well as local community corner 

shops.  

 

In Glasgow post code areas the RV distributions are different to Inverness. As these 

post code areas are small both shop building types will experience a similar revenue 

turnover/unit floor area and this is reflected in the similarity between the two 

maxima. However with both post code areas having a similar number of shops 

(Table 4.6) it appears that with G1 shops making up 39% of the predominant 

building types (Fig.  4.10 a) and the minimum RV being approximately 3 times 

larger than G2 (Table 4.6) this postal code area has the higher value retail outlets. 

Similarly, there is a predominance of offices in G2, 66% (Fig. 4.10 b) compared to 

47% in G1 and yet with a similar number of public houses the RVs remain similar 

because of the proximity of customers in each post code area.(shops/offices) 

 

5.2.5: Floor area. 
 

The information recorded in Table 4.10 is used in the four post code areas considered 

in this study to calculate the energy use in these areas for the most prevalent building 

types. Issues surrounding the application of these assumptions in all post code areas 

throughout Scotland address concerns as to whether one set of assumptions can be 

applied universally. The assumptions were based on information provided by 

Glasgow City Council for just a city centre location and other data taken from 

CIBSE Guidelines and Commercial turnover figures. (ch.4.4) 

 

 In term of building sizes there may be differences out with the city centre in the 

same city and moving to a different city. This is apparent when considering the total 

commercial and industrial floor area in Inverness (Brook Lyndhurst, 2007) which 

gives rise to an average floor area of ~700m2 for each unit. However at this stage 

because of the limited access to floor areas for specific building types similar to that 

supplied for G1(Anderson,2008) the data presented on the total energy profile within 

the four primary postal code areas of Glasgow and Inverness were created. 
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5.3: Distribution of Energy Use  
 

Although it is appreciated that the figures created, (Fig. 4.14-4.15) are a 

representation of the profile that will exist within each of the postal code areas 

considered, the numbers which arise appear consistent with the relative numbers of 

commercial buildings. It is not the case that all commercial buildings use the same 

amount of energy (CIBSE, Guide F, 2004) and the distribution of building types 

differs among the postal code areas considered. 

 

 In all of the post code areas offices are the most prevalent although the difference 

between Glasgow and Inverness in this regard is significant, 2575 and 395 

respectively. The second most prevalent, shops, across both cities display another 

marked difference in numbers, 1314 and 318 respectively.  

 

In IV1 (Fig. 4.14a) of the four most prevalent building types the two less prevalent, - 

workshops and warehouses - comprise 41% of the buildings (Fig. 4.9a) while 

because of their lower energy requirements/m2 they are only responsible for 15% of 

the energy demand. 

 

In IV2 the two less prevalent building types (Fig. 4.9b) includes self-catering 

apartments. Energy use in this category is higher per square meter than workshops 

but the smaller number of units (table 4.6) produces a figure for energy use which 

when considered in the context of total energy use is negligible, 12%, when 

considered in the context of the most commercial building types.(Fig. 4.14b). 

Buildings that belong to the third and fourth most prevalent type account for 25% of 

buildings, but consume only 15% of the total energy used by the most prevalent 

building types overall. 

 

From these graphs (Fig. 4.14) it is apparent that a program of energy auditing of 

offices and shops to highlight good and bad practices as well as cost effective capital 

investment initiatives should achieve a marked improvement in energy use. 
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In the Glasgow post code areas there is a similar predominance of energy demand for 

offices and shops. (Fig. 4.15) Concentrating on these two particular building types 

should offer considerable benefit in reducing total energy usage within these post 

code areas. In G1 and G2 postal code areas it is apparent that offices are the most 

gainful location for projects designed to reduce energy use as they effectively require 

over 65% of the energy usage in the combined post code areas. 

5.4: RV/m2 Commercial building Stock. 
 
There exist two sources of information regarding buildings in G1. (ch.4.3-4) In order 

to reconcile the differing characterisations of the building stock of G1 it should be 

borne in mind that these two sources of information each use a slightly different 

definition of the buildings considered. There is a further issue of potential difference 

in building stock given that the figures were recorded at different times. The 

information from the Scottish Assessors Association was recorded at April 2005 

whereas the information provided by Glasgow City Council was taken at April 2007. 

(Table 4.9)  

 

In order to use published SAA data to estimate energy usage we need to be able to 

convert quoted rateable values for specific businesses to estimate floor areas and then 

apply CIBSE Part F guideline figures for building types. The specific problem for 

Scottish data in relation to rateable values is the inability to establish a relationship 

between RV and floor area. From the SAA data on the specific building types within 

G1 in respect to total rateable values, (Table 4.11) together with the identified 

number of those most prevalent types an estimated RV/m2 was established. (table 

4.12)  

 

Taking the total number of the most prevalent building types in G1, 1748 and the 

total rateable value of those buildings ~£85x106 (Table 4.11) produces an average 

RV for the most prevalent building types in G1 of approximately £48,500.  

 

To provide the most meaningful average of the RV/m2, it is necessary to weight the 

average to take into account the skewed distribution of the building types, offices and 

shops being 86% of these. (Fig. 4.10a) 
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The average RV/m2 for the individual prevalent building types (Table 4.12) gives a 

spread from £44 - £308 within the G1 postcode area while the un-weighted RV 

average is £180/m2. In this post code area the weighted and un-weighted average 

rateable values are similar because of the dominance of offices and shops (fig 4.10a). 

 

 If these were applied to G2, the expectation would be of a difference between the 

two averages with the un-weighted average being higher because of the 

predominance of offices. 

 

The average values reported for commercial and industrial properties across England 

and Wales1, £65/m2 (Fig.  5.5) and the spread across the regions of England and 

Wales are much lower than the predominant buildings in the centre of Glasgow. 

 

 This is a reflection of the dominance of office and retail outlets (Table 4.6, Fig. 

4.10a) which in themselves attract high rateable values due to their location. 

 
Figure 5.5: The Rateable Values/m2 of commercial building stock, England and 

Wales (ibid1) 

Much more data on floor areas is available in England and Wales than in Scotland. 

The published statistical relationship between RV and floor area south of the Border 

allows the opportunity to speculate on the pattern that might exist within regions of 
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Scotland. The profile of the types of buildings classified as Commercial and 

Industrial range between retail outlets to other bulk premises. (Fig. 5.6)  

 

The commercial buildings in the current study would be characterised in England 

and Wales as retail and offices. Workshops would be characterised as factories and 

public houses characterised as retail.  

 
Figure 5.6: Profile of the regional commercial building stock. (extract DCLG, 2008) 

 

Further study on building distribution would clarify the situation within Glasgow and 

Strathclyde region. Carrying out work of this sort in the other regions of Scotland 

would allow comparisons to be made between regions as well as within. 

Subjectively, although the population densities may be lower than those in England 

there exists none the less a distribution within Scotland as in England and Wales. 

Glasgow and the Strathclyde region of Scotland are economically different from the 

other regions as London and the South East are from other regions in England and 

Wales. 

 

The distribution of building floor areas among building types is strikingly different 

between London and the South East of England. Figs.5.7 show the difference in 

proportion of office floor space used in London (38%) and the SE (23%). A similar 

concentration on office space exists within London as one moves towards the city 

centre.  
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(a) London                                         (b) SE England 

Figure 5.7: Proportion distribution of rateable floor area. (extr. ibid) 

 

Comparison of the city centre with the wider city is possible in Glasgow (Fig.  5.8) 

and reflects something which one would expect to see replicated in other city centre 

areas.  

 

    
           (a) total building stock           (b) most prevalent building types 

Figure 5.8: Proportion distribution of all rateable properties, Glasgow G1 

 

The entire building stock of Glasgow G1 is summarised in the same style as that 

presented for England and Wales,(fig5.8a), with the assumption that stores and 

public houses fall into the retail category.(fig5.8b) A similar approach has been done 

for Glasgow G2.(Fig. 5.9) However at this stage the classification is in building type 

distribution and not floor area distribution which is the case in the English and Welsh 

data.(fig5.6-7)  
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              (a) total building stock                (b) most prevalent building types 

Figure 5.9: Proportion distribution of all rateable properties, Glasgow G2 

 

Since the properties in the city centre of Glasgow are either offices or retail outlets 

the numbers are consolidated and using the floor area per unit size (table 4.10) it was 

possible to estimate the total floor area within the specific most prevalent buildings 

in both G1 and G2 (Table 5.2) giving a suggested distribution of these two most 

prevalent by floor area within the two post code areas of Glasgow (Fig. 5.10). 

 

Glasgow G1 Number 
Total floor 
area, sq.m 

Offices 825 222750 
Shops 692 207600 
Stores 133 26600 

Public houses 98 14700 
Total 1748 471650 

   

Glasgow G2 Number 
Total floor 
area, sq.m 

Offices 1750 471690 
Shops 622 186600 
Stores 169 33800 

Public houses 96 14400 
Total 2637 234800 

 

Table 5.2: Estimate of the total floor area distribution of offices and retail outlets 

(G1, G2) 
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(a)  G1                                              (b)   G2 

Figure 5.10: Floor area of most prevalent building types, retail and offices in 

Glasgow city centre. 

This shows that the centre of cities will be dominated by varying percentages of 

buildings belonging to either offices or retail establishments depending on the 

character and nature of the city centres. The distribution in building floor area 

between retail and offices in G2 will alter the average slightly in favour of a lower 

value since the rateable value per square metre is lower for offices which are 

predominant in this case.(5.10b) 

 

The average RV for the London area is greater than £140/m2 floor area (Fig. 5.5) 

while the average RV for centre of Glasgow (G1) is £180/m2. (table 4.12) But, the 

figure for London is an average for commercial and industrial across the whole 

geographical region. (Fig. 5.11) Within the centre of the city of London the RV/m2 

for commercial and industrial properties is greater than £200/m2 and can reach as 

high as £448/m2. (dark blue, Fig. 5.11) This gives an un-weighted average of 

£325/m2. (post codes EC1 and WC1) 

 

In an attempt to quantify the rate of reduction in RV/m2 of retail premises outward 

from the centre of London, a RV for a retail outlet in SW1 has an estimated value of 

£143/m2 in 2006 (PropertyWeek.com, 2010).  
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Figure 5.11: Spread of rateable values throughout England and Wales.(extr.1) 

 

Given that the un-weighted average RV/m2 has been estimated as £325 for the centre 

of London and the regional average has been reported as £142/m2 (Fig. 5.5), then 

using an analogous calculation method for Glasgow with the city centre average 

estimated at £180 a regional average across the city of £79/m2 is a fair assessment.  

 

This pattern is expected to be replicated within and around other cities and 

settlements throughout the UK.  

 

An attempt to apply a similar approach to Inverness, IV1 using the estimated floor 

areas/m2 (table 4.10) results in an estimated RV/m2 for retail of £160 while it was 

£44 for offices. The weighted average rateable value per square metre of floor area 
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for retail and offices in Inverness, IV1 is £110 while the regional average across the 

city is £47.  

 

It is not unreasonable to see a reduction in RV/m2 in comparison to both Glasgow G1 

and London central post code areas purely on the basis of the geographical size of the 

conurbation. 

 
Figure 5.12: Regional distribution throughout Scotland. 

 

The RVs/m2 calculated represent only a small beginning of a larger national project 

covering the regions of Scotland (Fig. 5.12) such that a profile similar to that 

recorded in England and Wales (Fig. 5.5) can be developed. The preliminary data 

(fig 5.13) created in this thesis can inform the development of such a larger and more 

detailed study. 

 

It would appear that this approach albeit very subjective at this stage suggests that 

the approach taken in this thesis does give an indication of the potential relationship 

between RV and floor area within Scotland. The value of this is that it should be 

possible now to consider specific city centre buildings and from their RV and using 

the above predicted values of £/m2 the physical size of that building can be predicted.  
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Using that information and applying CIBSE data for the building type it is possible 

to introduce this into a GIS modelling methodology to highlight specific buildings 

and their good and typical energy performance figures. This work, when allied with 

EPCs will provide a context in which building owners, users and other interested 

parties (table 3.1) are equipped to seek to ensure that their enterprises take place in 

buildings which conform to the highest available building standards.  

 

 
 

Figure 5.13: Rateable Value (£/m2) for Scottish regions 

 

5.5: Overview  
 

Applying the RV/m2 city centre averages for both Glasgow and Inverness to each of 

the post code areas, assuming that there is only a marginal difference in this value in 

each case the estimate of the specific energy demand for individual businesses can be 

developed.  As an example taking a particular group of the most prevalent building 

types, shops, in Inverness IV1 a complete list of the estimated energy usage 

requirements for any individual premises within that group is now possible. 

(Appendix A)  

 

This could be integrated into a refined version of the Greenspace GIS carbon map 

model by simply applying the appropriate conversion factor (4.6) and from that a 
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profile of the contribution each of the most prevalent commercial building type gave 

to total CO2 emissions. 

 

However it should be appreciated that the values estimated for specific enterprises 

may not reflect the total energy demand of a building since in some cases the 

organisation is rated on the floor area within that specific building that it uses. The 

specific individual enterprises can be highlighted (Fig. 5.14-15) in each post code 

area for both retail and offices (table 5.3) and its contribution to carbon emissions 

assessed.  

 

However it should be appreciated that selected organisations may in themselves not 

be responsible for all the buildings energy demand; in Glasgow, G2, the J P Morgan 

company occupied only three of the floors within Alhambra House.  

 

Shops Post 
code 

RV,  
£*106 

RV/m2 
£ 

Floor 
area, 
m2 

Energy, 
(typical) 
kWh/m2 

Energy 
demand, 

GWh 

kg. CO2 
Equivalent 

*106 

House of 
Fraser 

G1 
3HL 

2.0 180 13,700 259 3.55 1.87 

Waterstone IV1 
JE 

0.122 110 1110 259 0.288 0.15 

Offices        

J P Morgan G2 
6HS 

0.892 180 6110 226 1.381 0.71 

Scottish 
Tourist 
Board 

IV2 
3ED 

0.137 110 1245 226 0.28 0.15 

 
Table 5.3: Predicted Energy demands and carbon equivalents of specific businesses 

in G1, G2, IV1 and IV2 
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Figure 5.14: Specific retail (A) and office (B) premises identified with G1 and G2. 
(extr. Google Earth) 

 

 
 

Figure 5.15: Specific office (A) and retail (B) premises identified within IV1 and 
IV2. (extr. Google Earth) 

 
 

It is important to bear in mind that the figures presented here are estimates. In the 

absence of alternatives such as published operational energy figures or published 
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EPC ratings, GIS data produced using this approach would make it possible to 

explore a range of subjects that would be of interest to “eyes and crossed swords” 

stakeholders in the energy and low carbon sectors.  

 

One illustration presented in this thesis is the aggregated energy use profile of retail 

establishments in IV1 (Fig. 5.17), classified as shops in SAA data. (Appendix A)  

The energy usage range of all of the buildings of this type in this post code area 

immediately identifies that there exists more than thirty shops whose energy use is 

classified in the sub-division 30-50 MWh This suggests that the most prevalent 

physical characteristics of the 160 retail outlets in IV1 are that about 20% have floor 

areas in the range 100-200m2 and < 5% have a retail floor area greater than 1500m2, 

and requiring more than 375 MWh. 

 

 
 

 
Figure 5.17: Energy use across the retail premises in Inverness IV1 

 

A further thought in light of this ability to develop different aggregated structures 

within a post code is that it should be possible to overcome the problem of the 

disparity between irregular post code areas and the 1km2 NAEI structured grid 

mentioned earlier (5.4). This would allow the data of commercial and industrial 
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building contribution to carbon emissions to be presented in the same format to the 

more generally accepted method of presentation. kg.CO2 / km2. 

 

Until now focus has been on commercial properties only. In order to make use of 

more comprehensive energy consumption data it is necessary to pay closer attention 

to emissions attributable to the domestic sector. Table 5.4 lists Intermediate Zone 

electricity estimates for 2005 for the six Glasgow zones consuming the greatest 

amount of electricity for Industrial/Commercial purposes, with Domestic 

consumption shown for reference. Total Commercial and Domestic electricity 

consumption for all zones is shown in Fig. 5.18. 

 

  Electricity Consumption 2005 in kWh 
IZ NAME SOA Code  Ordinary domestic   Economy7 

domestic  
 
Industrial/Commercial  

City Centre West S02000655 7,282,934 6,998,041 176,661,491 
Calton, Gallowgate 
and Bridgeton 

S02000635 8,975,504 6,291,346 35,705,208 

City Centre East S02000658 7,908,630 11,911,412 31,181,794 
Laurieston and 
Tradeston 

S02000634 5,965,657 7,813,847 19,819,485 

Woodlands S02000665 9,759,779 1,381,636 17,098,867 
Finnieston and 
Kelvinhaugh 

S02000661 8,943,117 3,560,974 15,959,051 

Table 5.4: Commercial and Domestic Electricity Consumption for 2005 in Six 
Glasgow City Intermediate Zones (based on DECC 2007) 

 

Based on the fact that the rateable value of all properties is held by the Scottish 

Assessors Association it should be possible to establish the distribution of 

commercial and domestic properties within any post code area and therefore a profile 

of the energy demand for the various building types, domestic through to industrial 

and even individual energy users.  
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Figure 5.18: Glasgow Electricity consumption (based on DECC 2007) [Note: 

numbers in Intermediate Geographical Zones are in units of kWh] 
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Chapter 6: Conclusions and Recommendations 

6.1: Conclusions 
 
The aim of this work was to conduct an analysis of the contribution made by 

commercial buildings to the United Kingdom emission figures. The means adopted 

was to construct a pilot study involving energy profiling in specific postal districts 

with potential application to GIS. 

 

Project objectives were to: 

 

• Identify and characterize data sources for the construction of emission maps 

and databases for the built environment 

• Review the literature and available datasets 

• Develop methodologies to address gaps in the data 

• Conduct a preliminary study where areas in two Scottish cities are 

investigated in detail 

• Aggregate this data into a GIS system 

• Develop a specification for a Web-based GIS application 

• Establish quantitative comparisons of emissions originating from the built 

environment between different UK cities and regions  

• Explore synthesis of the emissions database with other environmental and 

building-related data such as building properties and energy certificates 

 

These objectives have been met to a considerable extent, although detailed 

specification of a Web-based GIS system remains to be completed. 

 
The main findings of the work are: 
 

1. The buildings most prevalent in Glasgow, G1 and G2, and Inverness, IV1 and 

IV2, display many similarities and rather few differences. 

2. The density of commercial buildings in Glasgow is markedly higher than 

Inverness. 

3. The most prevalent building type in all post code areas considered is offices. 

4. The second most prevalent building type is shops (retail outlets). 
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5. The limiting factor in being able to resolve the energy demand centred on the 

physical size of each of the RV commercial premises. 

6. It was possible to estimate the energy demand through interpretation of work 

reported for RV/m2 in England and Wales. 

7. The estimated average RVs/m2 for the city centre of Glasgow and Inverness 

appeared to reflect that presented for central London. 

8. Using certain approximations it was possible to present an estimate of the 

energy usage of the most prevalent building types, namely offices and retail 

outlets. 

9. It is therefore possible to extract a building or a group of buildings of 

particular type from SAA data and estimate energy usage.   

10. This approach can be integrated into a refined version GIS energy and carbon 

map model by simply applying the appropriate CO2 conversion factor. 

11. The energy usage figures of a specific enterprise may not reflect the total 

energy demand of a building.  

12. The problem of the disparity between post code areas and the 1km2 can now 

be resolved. 

 
In the absence of sources providing explicit large-scale energy and carbon-related 

performance information covering building areas, form, constructions, services, build 

quality, occupancy and operational data, this study has  shown that it is possible to 

infer some of the information required from other sources, eg. rateable value 

databases.  

 

Until these questions are resolved, the information collated and analyzed in this study 

provides a foundation for further work which takes into account building use, 

building size, building type and which can be expanded to consider other cities and 

the less urban parts of the conurbations. This work could then be integrated and used 

to expand the scope of Web-based GIS mapping systems. 
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6.2: Recommendations 
 

1. Work which has been reported on the regional rateable values for different 

commercial building types in England and Wales should be extended to the 

different regions and cities of Scotland. 

2. Using the methodology developed in this thesis explore the opportunity to 

apply it to the regions of England and Wales.  

3. Using the data generated in this study integrate it with the existing GIS 

energy and carbon mapping model to produce an ability to query individual 

groups of commercial building types within the 4 post code areas of Glasgow 

and Inverness. 

4. Explore the opportunity of applying this approach to not only commercial 

buildings but to the residential building stock. 

5. Attempt to compare the results being generated from this approach with the 

reported performance of specific commercial buildings, EPCs. 

6. Combine the results of this study with the commercial EPC performance 

assessment procedures. 

7. As a first attempt see if a similar data set can be produced for other primary 

cities in Scotland. 

8. To extend the GIS mapping to all commercial and industrial buildings energy 

performance throughout the United Kingdom. 
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Appendix 
 

A 1: Derived table of estimated energy demand, Inverness IV 1 retail 
outlets;  
 
RV/m2 =£110 (estimated)see Ch.5.4  : energy/m2 = 259kWh/m2 (CIBSE data) see 
Table 4.14. 
 

Retail outlets POSTC RV Shops RV/m² floor area,m² energy/m² 
Energy demand  

retail outlet 

       

JAMES A F IV11NB 4750 110 43.2 259 11184 

CHEST HEA IV11HS 5600 110 50.9 259 13185 

MICHAEL J IV11PP 6500 110 59.1 259 15305 

ANNFIELD IV11PP 6500 110 59.1 259 15305 

HAYDOR BA IV11QQ 8500 110 77.3 259 20014 

MRS D FRA IV11QQ 8500 110 77.3 259 20014 

J REID IV11QQ 8750 110 79.5 259 20602 

GIWA-OSAG IV11DN 8750 110 79.5 259 20602 

GORDON M IV11DN 8750 110 79.5 259 20602 

N MURIEL IV11PH 9000 110 81.8 259 21191 

PAUL H C IV11PH 10000 110 90.9 259 23545 

TEXAS PRO IV11QQ 10750 110 97.7 259 25311 

G MCDIARM IV11QQ 10750 110 97.7 259 25311 

M THOMSON IV11QQ 11000 110 100.0 259 25900 

EDINBURGH IV11NG 11000 110 100.0 259 25900 

D MATHESO IV11DW 13000 110 118.2 259 30609 

DONALD C IV11DW 13000 110 118.2 259 30609 

METIN UZU IV11QQ 13000 110 118.2 259 30609 

MARTIN SE IV11QQ 13000 110 118.2 259 30609 

BALMORAL IV11PQ 13000 110 118.2 259 30609 

I JOBSON IV11PQ 13000 110 118.2 259 30609 

EDDIE FIT IV11PQ 13500 110 122.7 259 31786 

J F EWART IV11PQ 13500 110 122.7 259 31786 

PHOTO FAC IV11HN 14000 110 127.3 259 32964 

J V FULTO IV11HN 14000 110 127.3 259 32964 

DUNCAN M IV11PQ 16000 110 145.5 259 37673 

JAMES DOW IV11QD 16250 110 147.7 259 38261 

MACDOUGAL IV11PQ 16500 110 150.0 259 38850 

C U DEVEL IV11PQ 16500 110 150.0 259 38850 

ZANDRO LT IV11QD 17000 110 154.5 259 40027 

FIRTH PRO IV11PQ 17000 110 154.5 259 40027 

M GROUNDL IV11HY 17500 110 159.1 259 41205 

SHARDEL L IV11HN 17500 110 159.1 259 41205 

DUNCAN PE IV11HN 17500 110 159.1 259 41205 
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CROSSROAD IV11PQ 17500 110 159.1 259 41205 

PATRICIA IV11PQ 18000 110 163.6 259 42382 

MACLEAN P IV11PQ 18000 110 163.6 259 42382 

RUBENS DE IV11PL 18500 110 168.2 259 43559 

GLOBAL VI IV11PL 18500 110 168.2 259 43559 

W G MCEWE IV11PL 18500 110 168.2 259 43559 

JOHN & HA IV11QD 19500 110 177.3 259 45914 

CAFE BRAE IV11QD 19500 110 177.3 259 45914 

CLYDE VAL IV11PL 19500 110 177.3 259 45914 

CULLODEN IV11PL 19500 110 177.3 259 45914 

IMPERIAL IV11QD 20500 110 186.4 259 48268 

WOOLWICH IV11QD 20500 110 186.4 259 48268 

BOB DALGA IV11HN 21000 110 190.9 259 49445 

BRAIDWOOD IV11HN 21000 110 190.9 259 49445 

JAMES FOR IV11PL 22000 110 200.0 259 51800 

COLIN CRA IV11PL 22000 110 200.0 259 51800 

D MACKAY IV11EP 23000 110 209.1 259 54155 

CHARLES M IV11EP 23000 110 209.1 259 54155 

O'BRIENS IV11HN 23000 110 209.1 259 54155 

SHARDEL L IV11HN 23000 110 209.1 259 54155 

WILLIAM, IV11DJ 23000 110 209.1 259 54155 

S & MRS S IV11QQ 24000 110 218.2 259 56509 

MARTIN RE IV11DA 24000 110 218.2 259 56509 

R F MORE IV11DA 24000 110 218.2 259 56509 

M & A BER IV11DG 25500 110 231.8 259 60041 

PEOPLE'S IV11DG 25500 110 231.8 259 60041 

LUNN POLY IV11DE 26000 110 236.4 259 61218 

HIGHLAND IV11DE 26000 110 236.4 259 61218 

KILLYLANE IV11DE 26000 110 236.4 259 61218 

CLYDE VAL IV11PL 26000 110 236.4 259 61218 

C & MRS C IV11PL 26000 110 236.4 259 61218 

TAYSIDE A IV11QA 26500 110 240.9 259 62395 

SALIM & M IV11QA 26500 110 240.9 259 62395 

BRITISH H IV11PX 29000 110 263.6 259 68282 

VITA PROP IV11PX 29000 110 263.6 259 68282 

ANDREW BE IV11PX 29000 110 263.6 259 68282 

G & H PAT IV11PX 29500 110 268.2 259 69459 

HELEN BAT IV11PX 29500 110 268.2 259 69459 

ACORN PET IV11LS 30000 110 272.7 259 70636 

SCOTMID T IV11DG 30000 110 272.7 259 70636 

NEW HOUSE IV11DG 30000 110 272.7 259 70636 

JESSOP OF IV11PX 32500 110 295.5 259 76523 

MACLEAN P IV11DE 33000 110 300.0 259 77700 

PAT J MAC IV11DE 33000 110 300.0 259 77700 

JUMPER LT IV11HN 36000 110 327.3 259 84764 

BRAIDWOOD IV11HN 36000 110 327.3 259 84764 
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MCCALL BR IV11QQ 36000 110 327.3 259 84764 

OXFAM IV11QQ 36000 110 327.3 259 84764 

UNITED BI IV11QQ 36000 110 327.3 259 84764 

NORTHLAND IV11DE 38000 110 345.5 259 89473 

PAT J MAC IV11DE 38000 110 345.5 259 89473 

HIGHLAND IV11DJ 39000 110 354.5 259 91827 

THE CARPH IV11HN 40000 110 363.6 259 94182 

CADORO RE IV11HN 40000 110 363.6 259 94182 

ODDBINS L IV11QA 41000 110 372.7 259 96536 

PATRICIA IV11QA 41000 110 372.7 259 96536 

EARLSWOOD IV11DF 42500 110 386.4 259 100068 

QUIDS IN IV11DF 42500 110 386.4 259 100068 

C C IV11HN 48000 110 436.4 259 113018 

TRUSTEES IV11HN 48000 110 436.4 259 113018 

LEGAL & G IV11HT 52000 110 472.7 259 122436 

ORANGE IV11HT 52000 110 472.7 259 122436 

BLACKS OU IV11PL 53000 110 481.8 259 124791 

MORRISON' IV11PL 53000 110 481.8 259 124791 

SHARDEL L IV11JQ 56000 110 509.1 259 131855 

M M HENDE IV11JQ 56000 110 509.1 259 131855 

GAMESTATI IV11HN 57000 110 518.2 259 134209 

ESSEL SEC IV11HN 57000 110 518.2 259 134209 

WILLIAM S IV11JQ 57500 110 522.7 259 135386 

BELVEDERE IV11PX 58500 110 531.8 259 137741 

ARCHIBALD IV11PX 58500 110 531.8 259 137741 

BRAIDWOOD IV11HN 59000 110 536.4 259 138918 

SPECSAVER IV11HN 59000 110 536.4 259 138918 

LUSH IV11HT 60000 110 545.5 259 141273 

LOTHIAN P IV11HT 60000 110 545.5 259 141273 

DUNFERMLI IV11HT 62000 110 563.6 259 145982 

FREEHOLD IV11HT 62000 110 563.6 259 145982 

ROSSDEN L IV11HN 62000 110 563.6 259 145982 

COSTA LTD IV11HN 62000 110 563.6 259 145982 

WHITBREAD IV11JQ 63000 110 572.7 259 148336 

EQUITABLE IV11JQ 63000 110 572.7 259 148336 

DIXONS - IV11JQ 63000 110 572.7 259 148336 

THOMAS CO IV11HN 67000 110 609.1 259 157755 

W M MANN IV11HN 67000 110 609.1 259 157755 

EDINBURGH IV11JQ 75000 110 681.8 259 176591 

NATIONAL IV11JQ 75000 110 681.8 259 176591 

PHONES 4 IV11HT 79000 110 718.2 259 186009 

LEGAL & G IV11HT 79000 110 718.2 259 186009 

SCOTTISH IV11HY 82000 110 745.5 259 193073 

DOLLOND & IV11HY 82000 110 745.5 259 193073 

OUTDOOR G IV11JQ 86000 110 781.8 259 202491 

SEARS PRO IV11JQ 86000 110 781.8 259 202491 
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HALIFAX P IV11JE 89000 110 809.1 259 209555 

ADAMS CHI IV11JE 89000 110 809.1 259 209555 

GEORGE DU IV11QA 90000 110 818.2 259 211909 

FRED BERM IV11QA 90000 110 818.2 259 211909 

STEAD & S IV11JE 91000 110 827.3 259 214264 

HALIFAX R IV11JE 91000 110 827.3 259 214264 

URBAN & R IV11JE 96000 110 872.7 259 226036 

CLINTON C IV11JE 96000 110 872.7 259 226036 

ATHERTEAM IV11HY 103000 110 936.4 259 242518 

OLIVERS ( IV11HY 103000 110 936.4 259 242518 

GRAHAM TI IV11HT 103000 110 936.4 259 242518 

LEGAL & G IV11HT 103000 110 936.4 259 242518 

EQUITABLE IV11JE 104000 110 945.5 259 244873 

C & J CLA IV11JE 104000 110 945.5 259 244873 

DAVID MOU IV11JE 105000 110 954.5 259 247227 

DAVID MOU IV11JE 105000 110 954.5 259 247227 

DIXONS ST IV11JQ 113000 110 1027.3 259 266064 

KELLIHER IV11JQ 113000 110 1027.3 259 266064 

KELLIHER IV11JQ 115000 110 1045.5 259 270773 

SUPERDRUG IV11JQ 115000 110 1045.5 259 270773 

URBAN & R IV11JE 122000 110 1109.1 259 287255 

WATERSTON IV11JE 122000 110 1109.1 259 287255 

JJB SPORT IV11LR 150000 110 1363.6 259 353182 

MFI FURNI IV11LR 150000 110 1363.6 259 353182 

W H SMITH IV11HT 159000 110 1445.5 259 374373 

BRITEL FU IV11HT 159000 110 1445.5 259 374373 

MARJORIE IV11HT 170000 110 1545.5 259 400273 

ETAM PLC IV11HT 170000 110 1545.5 259 400273 

BURTON GR IV11HT 170000 110 1545.5 259 400273 

REDCASTLE IV11HT 170000 110 1545.5 259 400273 

SDG HOLDI IV11PP 190000 110 1727.3 259 447364 

JOINT PRO IV11HY 260000 110 2363.6 259 612182 

WOOLWORTH IV11HY 260000 110 2363.6 259 612182 

WM MORRIS IV11NQ 477000 110 4336.4 259 1123118 

 
 


