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introduction to glasgow (gCv)

in Kyoto greenhouse gases by 2050, and an interim 
target of 42% by 2020 (in the UK Act, this target is 34%). 
The 2009 Renewables Action Plan commits Scotland 
to measures to increase the capacity and consumption 
of electricity from renewable sources, including the 
headline targets of 20% of Scottish energy use coming 
from renewable sources by 2020. 

In December 2010, Glasgow City Council published its 
climate change strategy and action plan, which covers 
the themes education and awareness, energy, resource 
management, transport, sustainable procurement, 
cultural and natural heritage, water, planning and the 
built environment.  The strategy builds upon the goals 
already expressed in the Single Outcome Agreement 
(SOA).  It is intended to more explicitly address climate 
change adaptation and mitigation in the next SOA.

A carbon neutral approach to future services and activi-
ties will be encouraged by Glasgow with businesses 
aiming to reduce CO2 emissions and adapt to climate 
change. Climate change, locally, has been positioned as 
an opportunity to reduce health inequalities by mitigat-
ing against disproportionate negative health impacts 
and promoting modes of transport that raise activity 
levels and improve air quality. The Carbon Management 
Plan seeks to reduce the energy consumption of council 
operations by 20% by 2012, against a 2005 baseline 
and to eliminate fuel poverty, ‘as far as is reasonably 
practicable’, by 2016.

Glasgow and the Clyde Valley is one of Scotland’s 
Strategic Development Planning Authorities and 
represents eight local authorities. In 2005 the 
population of the region was 1.75 million and there 
were 800 000 households. Glasgow, by population, is 
the largest city in Scotland and the third largest in the 
UK.

The region’s economic activity is dominated by the city 
of Glasgow. The city’s economy, once focused on ship 
building and its port, is now service based. Elsewhere in 
the region there continues to be some heavy industrial 
activity as well as coal mining.  In 2005 the region 
accounted for 32% of Scotland’s manufacturing output. 
The region’s agriculture accounts for approximately 2% 
of the UK’s farm yard animal population.

Glasgow was the European Capital of Culture in 1990 
and has over 200 arts organisations, including the 
Scottish Ballet and Scottish Opera. The region borders 
the south-west highlands. Tourist features include 
the New Lanark World Heritage Site, a restored 18th 
century cotton mill close to the Falls of Clyde. 

The region has one airport, Glasgow International. 
Which handled 7 million passengers in 2005. It is the 
largest and busiest airport in Scotland. Although some 
diesel trains continue to run, the main railway line 
connecting the region to the rest of Scotland and the 
UK is electrified. Glasgow City has an underground 
system, with 1 circular line and 15 stations. In 2005, 
approximately 593,500 cars were registered in the 
region, which is approximately one for every three 
people. However, according to the 2001 census, 42% of 
households did not have a car. 

In August 2009, the Scottish Government passed its 
Climate Change Act.  It has a target of an 80% reduction 
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Emissions Inventory and Energy Baseline

ENERGY EMISSIONS SCENARIOS IN 14 METROPOLITAN REGIONS

Glasgow (GCV) GhG Inventory 2005

Sector CO2 (kt) CO2eqv (kt)

Residential 4908 4974

Services 1565 1581

Industry 2534 2574

Energy Industry 260 267

Transport 3558 3568

Fugitive 443 1249

Total Energy 13267 14214

Industrial Processes 0 246

Waste 13 559

Agriculture 0 721

Total 13280 15739
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Scenario Overview

ServiCe SeCTOr
Emissions decrease by 92% and 98% in Scenarios 1 
& 2 respectively. In both scenarios, demand for heat 
and electricity has decreases and the share of fossil 
fuels reduces. The increase in electric heating is more 
pronounced in Scenario 1, with biofuels playing a larger 
role in Scenario 2. In both scenarios, CHP plays a small 
role and is fired by bioenergy.

inDUSTrial SeCTOr
Emissions decrease by 79% and 74% in Scenario 1 & 
2 respectively. Energy demand decreases in Scenario 
1 and remains static in Scenario 2. In both scenarios, 
there has been a move away from heavy industry 
toward hi-tech and ‘green’ businesses. CHP provides 
more energy than it does in the residential and service 
sectors and a greater proportion of its energy mix 
is fossil fuel, mainly natural gas. Renewable heat 
production provides 15% of demand in both scenarios.

energy inDUSTry 
In both scenarios the coal-based energy industry is no 
longer present in the region, substituted in Scenario 2 
by a bioenergy refinery.

TranSPOrT
Road transport emissions decrease by 89% and 91% 
in Scenario 1 & 2 respectively. There is no change in 
the number of vehicle kilometres travelled by road 
in Scenario 1 and a 20% increase in Scenario 2, this 
difference is partly a function of population growth. In 
both scenarios an increasing cost of fuel has limited the 
impact on vehicle travel and 80% of energy use in road 
transport is electric.  However, due largely to the low-
carbon-intensity of electricity, Scenario 2 has a greater 
reduction in emissions than Scenario 1. Electrification 
of rail has increased to 95% in Scenario 1 and 100% 
in Scenario 2, replacing diesel. In Scenario 1 there has 
been an increase in kilometres on rail, reflecting a 
degree of modal shift.

eleCTriCiTy generaTiOn 
In Scenario 1 the region is part of an UK grid and in 
Scenario 2 part of an EU grid. Connection to the EU 
grid reflects a desire to benefit from the advantages of 
being able to ‘export’ wind energy and ‘import’ solar 
power from southern Europe. In both scenarios, all the 
electricity generated in the region itself is from on-
shore wind.

inTrODUCTiOn
There were two scenario sessions conducted in the 
Glasgow and the Clyde Valley (GCV) Region, both of 
which focused on reducing CO2 emissions by 80% by 
2050. 

To ensure that the scenarios were developed indepen-
dently, the participants in the two sessions were not 
informed how previous groups either in the GCV or 
outside had acted. This section provides a comparison 
between the approaches taken in the first two sce-
narios.

The emissions decrease by 87% and 90% and energy 
demand decreases by 40% and 32% in Scenarios 1 & 2 
respectively. 

eCOnOmy anD POPUlaTiOn 
In both scenarios there has been inward migration 
of climate refugees. In Scenario 1, these migrants 
come primarily from southern England. In Scenario 2 
they come from southern Europe. This helps Scotland 
to maintain an active working population. In both 
scenarios the average household size reduces due a 
greater number of the elderly and young living alone. In 
Scenario 1, urban areas are more attractive, as people 
seek access to shops, schools and other services, 
amidst rising transportation costs. In both scenarios 
the region’s share of the economy remains at 3% as 
changes in the region reflect developments across the 
UK. In both scenarios the sectorial split in the economy 
remains the same and economic growth is modest. 
In Scenario 2, a national (Scotland) decision has been 
made to limit economic growth.

reSiDenTial SeCTOr
Emissions decrease by 89% and 95% in Scenarios 1 & 
2 respectively. In both scenarios, heat demand in the 
residential sector reduces more, in percentage terms, 
than electricity demand. Furthermore, the share of 
fossil fuels used for heating reduces, replaced by 
electric heating as a ‘cheap and easy’ option for heating 
buildings. Combined Heat and Power (CHP) has a role 
in both scenarios, contributing no less than 5% of the 
heat in each. On-site renewable electricity generation 
provides 2% and 20% of electricity demand in scenarios 
1 and 2 respectively. In Scenario 1, renewable heat 
generation provides a greater proportion of heat 
demand than Scenario 2. This is due, in part, to a 
limited amount of roof space in urban areas.
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Scenario Characteristics

in ThiS lOW grOWTh SCenariO CO2 emiSSiOnS reDUCe by 87% anD Per CaPiTa emiSSiOnS COn-
TraCT TO 1T. enD USer energy COnSUmPTiOn ShrinkS by mOre Than a ThirD. The POPUlaTiOn 
Size DOeS nOT Change. POliCy helPS TO Drive DOWn energy COnSUmPTiOn in The reSiDenTial 
SeCTOr. ThiS iS COmPlemenTeD by an UPTake OF OnSiTe reneWable energy generaTiOn.  PUbliC 
aDminiSTraTiOn TakeS The leaD in reDUCing emiSSiOnS in The ServiCe SeCTOr. a SWiTCh TO high 
TeCh inDUSTry FUrTher helPS reDUCe emiSSiOnS. PrivaTe vehiCle USe DOeS nOT Change DeSPiTe 
an inCreaSe in The COST OF mOTOring. The regiOn reCeiveS iTS eleCTriCiTy FrOm a lOW-CarbOn 
SCOTTiSh griD, WhiCh iS a neT exPOrTer OF eleCTriCiTy.

“You can’t use a ground-source heat pump to bash metal!”

eCOnOmy anD POPUlaTiOn

“Energy is a big problem in the South East, so data management 
industry could relocate to the North West. And climate change could 

lead to a very competitive advantage.”

The population of the region has remained stable. This 
lack of population growth can be accounted for by two 
factors: an aging population and economic migration, 
though this is balanced by people moving to the region 
to escape water stress and energy shortages. House-
hold size has reduced as people desire to live alone.

The economy of the region has experienced an average 
annual growth rate of 0.5%, mirroring that of the UK. 
Climatic changes across the UK have meant some com-
petitive advantages in Scotland. Industry forms a 33% 
share of the regional economy, driven in part by manu-
facturing renewable energy technologies. The relative 
shares of the economy held by agriculture, commercial 
and public administration have remained unchanged.

reSiDenTial SeCTOr
Emissions have reduced by 89% due to legislation 
requiring a 45% decrease in household heat demand. 
Two-thirds of households now use low-carbon grid 
electricity for direct space and water heating. On-site 
technologies for heating and cooling, primarily solar 
thermal panels with some air- and ground-source heat 
pumps, are popular, providing 15% of household heat 
demand. These technologies are installed mainly on 
new houses, although there has been some retrofit-
ting. A small amount of bioenergy is used directly in 
households. A community-level CHP, fuelled entirely 
by bioenergy is being developed. Natural gas and fossil 
solid are still burned directly in some homes.

“More smart metering! So we know how much a shower costs.”

Household electricity demand, not including that used 
for heating, has reduced by 30%. Technological de-
velopments have made household appliances more 
energy-efficient, and economic difficulties mean that 

the boom in consumer electronics seen at the start of 
the century was unsustainable. Economic difficulties 
have led to adoption of energy efficiency measures and 
behavioural change aided by smart metering. Financial 
penalties for poor performing houses were considered 
and rejected on social equality grounds. 

ServiCe SeCTOr

“Mortuaries as combined heat and power again!” 

Emissions have reduced by 92%. Electricity and heat de-
mand have reduced by 40% and 25% respectively. Fossil 
fuels now meet a fifth of heat demand and electric 
heating systems meet 70% of heat demand. On-site re-
newable technologies, principally solar thermal panels 
with some air- and ground-source heat pumps, meet 
7% of heating requirements. Behavioural and techno-
logical changes such as sensors to turn off lights when 
a room is unoccupied have helped to reduce electricity 
consumption. The public administration sector took a 
lead in bringing about these demand changes.

inDUSTrial SeCTOr

“Fabrication of new materials for construction has plenty of 
opportunity in Glasgow.” 

Emissions have reduced by 79%. Industrial activity in 
the region has become more high-tech, requiring elec-
tricity rather than fossil fuels. This driver has led to heat 
demand dropping by 30%. Industry has its own CHP 
units mainly powered by bioenergy.  On-site renew-
ables are used for lower temperature processes where 
possible.

“We’re likely to see a reduction in energy consumption in industry 
as we move to more high-tech production rather than other types of 

industry.”

energy inDUSTry
The coalfield in the Clyde Valley has closed. Energy 
industry emissions have therefore reduced to zero.

Scenario 1: glasgow
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Emissions Change -87%

Energy Change -40%

Emissions per Capita 1t
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TranSPOrT

“How will people socialise? If they’re not going out to the pub, 
and socialise on Facebook, do we have to worry about transport as 

much?”

Emissions from road transport have reduced by 89%. 
Significant price rises led to an initial reduction in road 
transport kilometres, but people grew accustomed 
to the high prices and started to use their cars again. 
Kilometres travelled now are the same as in 2005. 
However, the majority of the road fleet is electric and 
legislation meant that all new cars had to be highly 
efficient; improvements in engine design mean that 
road transport is twice as efficient as it was in 2005. 
Flexible working hours have minimised road conges-
tion and changes to commuting times have spread 
rail use evenly throughout the day. Vehicle kilometres 
travelled by rail have increased by 20% and the rail 
sector has reduced its emissions, by 87%. 

“Hydrogen may not be the way forward, but it’s a good interim 
option on the way forward. Would there be a hydrogen grid to move 

it about the country?”

The marine sector is more energy-efficient, but the 
relatively long lifespan of ships means that it will be 
some time before the whole fleet meets high energy 
standards. Petroleum remains the only fuel used. The 
aviation sector has grown since 2010, but competi-
tion from high-speed rail, which has received UK-wide 
investment, has meant that the growth was less than 
expected. The sector has reduced its emissions by 43% 
through improving engine efficiency and introducing a 
small amount of bioenergy into the fuel mix.

eleCTriCiTy generaTiOn
Scotland is a net exporter of electricity. Hydroelectric-
ity has increased and tidal power has been widely 
introduced.  Coal fitted with CCS contributes slightly 
more of the electricity mix than it did in 2005. Scot-
land’s nuclear power plants were decommissioned 
at the end of their operational lives. Scotland has 
capitalised on one of its strongest natural resources, 
wind, which provides 35% of grid electricity.  Bioen-
ergy plants have not been widely adopted. As in 2005, 
the only large scale electricity generation plants in the 
Glasgow region are onshore wind farms. 
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Scenario Characteristics

in ThiS meDiUm grOWTh SCenariO CO2 emiSSiOnS reDUCe by 90% anD Per CaPiTa emiSSiOnS COn-
TraCT TO 0.7T. enD USer energy COnSUmPTiOn ShrinkS by mOre Than a ThirD. The emiSSiOnS re-
DUCTiOnS OCCUr DeSPiTe a POPUlaTiOn inCreaSe WhiCh iS ParTly Driven by ClimaTe migranTS. 
POliCy, ParTially inFlUenCeD by energy SeCUriTy, DriveS DOWn energy COnSUmPTiOn in The 
reSiDenTial SeCTOr. The ServiCe SeCTOr TakeS aDvanTage OF The lOW-CarbOn inTenSive eleC-
TriCiTy TO eleCTriFy iTS heaTing.  eFFiCienCy imPrOvemenTS in The inDUSTrial SeCTOr STabaliSe 
energy USe. PrivaTe vehiCle USe inCreaSeS aT a SlighTly lOWer raTe Than POPUlaTiOn grOWTh.  
The regiOn reCeiveS iTS eleCTriCiTy FrOm a lOW-CarbOn eUrOPean griD WhiCh SCOTlanD WaS 
key TO SeTTing UP.

eCOnOmy anD POPUlaTiOn

“Scotland could become more attractive as a region to migrate to as 
the climate changes.”

The population has increased to 2 million. The popula-
tion in the rest of the UK has grown at the same rate 
which means that the Glasgow region still accounts for 
3% of the UK population. Climate change in southern 
Europe has prompted migration to cooler countries 
such as Scotland. The average number of people per 
household has decreased to 1.5, reflecting a trend, 
especially amongst the young, for people to live alone. 
Half a million homes have been built to accommodate 
this change in living patterns. Holyrood limited econom-
ic growth to an average of 1.5% per year. The sectorial 
shares of the economy have not changed.

reSiDenTial SeCTOr

“Tenants [do not have] control over energy efficiency of their 
[residential] building.”

Emissions have reduced by 95%. On average, each 
home uses 75% less energy to keep it warm. Demand 
for electricity, excluding that used for heating, has 
decreased by a fifth. Rising energy costs and smart 
metering have acted as incentives to save energy and 
use efficient technologies. Technological convergence 
means that one device can often provide the service 
that was provided by several devices.

“There is no evidence that consumers will become more efficient 
through their own behaviour change. Especially as young people now 

use more and more gadgets.”

Despite pressure from the gas supply industry, the 
share of natural gas use in the residential sector has 
declined. There was public concern about Scotland’s 
reliance on other countries for its energy supply, which 
made natural gas unattractive. Electric heating has 
developed and is the primary form of heating in resi-
dential buildings. The relatively short payback period 
of ground-source and air-source heat pumps has made 
them a popular choice for home heating. Increasingly, 

new housing stock has high standards of energy ef-
ficiency due to the introduction of concrete legislation 
after 2010, and incentives have encouraged retrofitting 
of the existing building stock. However, the residential 
sector has been one of the slowest to adopt new tech-
nologies, due to the cost of renovations and tenants in 
rented accommodation having little autonomy to make 
changes. 

ServiCe SeCTOr
Emissions have reduced by 98%. Heat demand has 
decreased by 60%. This was a challenge and took time 
as many old Victorian buildings required specialised 
retrofitting. Like the residential sector, electric heating 
is popular, and meets 54% of heat demand. On-site 
heat renewables meet a further 10%. Strong legislative 
measures have discouraged the use of air conditioning 
and reduced electricity consumption by lighting and 
appliances by 30%.

“A lot of Victorian office buildings are currently being fitted with air 
conditioning – this is likely to put up energy consumption.”

inDUSTrial SeCTOr
Emissions have reduced by 74%. The industrial sec-
tor is more efficient, and despite growth, overall there 
has been no increase in electricity or heat demand. 
The water industry is electricity-intensive, so the low-
carbon intensity of the grid has been pivotal in helping 
to reduce its emissions. The petrochemical industry 
has contracted and there has been a growth in ‘green’ 
manufacturing, including wind turbines and metals 
recycling. 

“Glasgow has high electricity consumption in industry, because the 
water consumption is electricity-hungry, i.e. a large reduction can be 

achieved by decarbonising the grid.”

It has been possible to introduce a greater range of 
fuels in industry than in the residential and services 
sectors. The heat energy mix is similar to the residential 
and services sectors; electric heating dominates. Natu-
ral gas and biofuel contribute to the energy demand 
and on-site heat technologies provide more heat than 

Scenario 2: glasgow
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CO2 emissions Change by Sector (kt)

electricity generation Percentage Share

electricity Source

energy Change by Sector (gWh)

Emissions Change -90%

Energy Change -38%

Emissions per Capita 0.7t
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in the residential and services sectors, reflecting larger 
roof areas and the greater requirement for heat in in-
dustry. CHP is more extensive in industry, contributing 
16% of heat energy and 9% of electricity and is fuelled 
by bioenergy and natural gas.

energy inDUSTry
Coal extraction in the region has finished, new bioen-
ergy refineries are the only remaining energy industry. 
Some of the bioenergy crops used are grown locally. 
Heat demand in this sector has doubled since 2005, 
but all of this energy is carbon-free.

TranSPOrT
Road transport emissions have reduced by 91%. 
Road vehicle kilometres have increased by less than 
the region’s population, at 20%. In parallel with this 
increase there have been improvements in engine 
efficiency. Early in the century, the price of petroleum 
rose and this deterred people from travelling by car. As 
cleaner, more efficient technologies were developed, 
car use increased. Road vehicles are largely electrically 
propelled. 

Emissions from rail transport have reduced by 99% 
due to electrification and low-carbon electricity 
production. Marine emissions have halved due to 
fuel switching. There has been no change in aviation 
vehicle kilometres although bioenergy now accounts 
for half the energy mix. 

eleCTriCiTy generaTiOn
Scotland helped create a European grid to overcome 
intermittency issues associated with using renew-
ables. Solar energy from Southern Europe accounts 
for a small amount of electricity generation. Nuclear’s 
share of the grid is relatively small, as incentives have 
been directed to renewables. Half of grid electricity 
is sourced from on-shore and off-shore wind, with a 
significant amount from tidal power, hydroelectric and 
bioenergy. Coal-fired and natural gas power stations 
are scarcer across the continent, but all now have CCS 
technology fitted. The grid is therefore 93% carbon-
free. It is carefully managed to balance electricity 
supply. As in 2005, the only grid electricity generated 
in the region is from on-shore wind.  

CO2 emissions Change by Sector (kt)

electricity generation Percentage Share

electricity Source

energy Change by Sector (gWh)
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