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introduction to madrid 

would connect all provincial capitals to Madrid in under 
4 hours.   The region has the second largest metro 
system in Western Europe and further expansion is 
planned.  Madrid’s Barajas airport is the fourth busiest 
airport in Europe by passenger numbers.  The airport is 
the main hub of Iberia Airlines and is located within the 
city limits of Madrid.

Spain’s 2007 ‘Climate Change and Clean Energy Strategy 
2007-2010-2020’ provides a basis for the preparation 
of city region and city level climate change action plans.  
The ‘Plan for Urgent Measures’ within the Strategy 
includes more than eighty actions aimed at reduc-
ing greenhouse gas emissions that are in addition to 
national measures. 

The Community of Madrid has published ‘A Strategy for 
Air Quality and Climate Change’ in the Madrid Region 
2006-2012 referred to as the ‘Blue Plan’ which aims 
to reduce CO2e emissions by 15% by 2012.  The Blue 
Plan includes actions to reduce energy consumption 
in homes, reforest 8,000 hectares of moorland, incor-
porate bicycle lanes in new urban developments, and 
provide 10,000 free courses for drivers to learn how to 
save fuel.  Measures to promote renewable and low-
carbon energy, especially solar power and energy from 
waste, are also provided.

The city of Madrid is part of the C40 cities climate 
initiative.  In 2008, the city of Madrid published ‘The 
City of Madrid Plan for the Sustainable Use of Energy 
and Climate Change Prevention’.  The plan includes 
emissions inventories and scenarios, as well as detailed 
actions aimed at reducing emissions and ensuring the 
city region has a secure supply of energy.  

The Community of Madrid is one of seventeen autono-
mous communities of Spain.  It covers 8028 km2 and 
in 2005, had a population of 5.9 million people.  The 
population grew to 6.5million people in 2010 due to 
an aging population and high levels of immigration. 
Approximately half of the population live in the city 
of Madrid, the administrative capital of Spain, and ap-
proximately 93% of the city region’s population live in 
24% of the region’s area

The landscape around the city includes urban areas, 
low lying plains, dense forests and part of the Guadar-
rama mountain range. The region has a temperate 
continental climate.

Madrid is the largest city in Spain, its capital, and is one 
of the largest financial centres in Europe.  The head 
offices of most major Spanish companies are based in 
the city region. Employment in public administration 
in Madrid has declined in recent years as Spain has de-
volved power to its autonomous communities.  Employ-
ment in the service sector has grown, generating over 
half the city region’s Gross Value Added (GVA) in 2005.  
The remainder of the city region’s GVA is generated by 
public administration and the industrial sector.  

Tourism is important to the city region, with visitors 
attracted by art galleries, museums, cathedrals, parks, 
theatres and other cultural attractions.  Madrid is home 
to one of the most recognisable football teams in the 
world, Real Madrid.  The region hosts a range of educa-
tion institutions, including the Complutense University 
of Madrid, the largest university in Spain. 

Madrid is located in the centre of Spain with motor-
way connections linking it to other cities in Spain and 
beyond. The national rail service provides further links 
to other major cities in Spain, Portugal and France.  
A Spanish high-speed rail network is planned which 
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Emissions Inventory and Energy Baseline

ENERGY EMISSIONS SCENARIOS IN 14 METROPOLITAN REGIONS

Madrid GhG Inventory 2005

Sector CO2 (kt) CO2eqv (kt)

Residential 8,697 8,757

Services 6,607 6,653

Industry 4,777 4,844

Energy Industry 10 11

Transport 10,105 10,389

Fugitive 1,330 1,380

Total Energy 31,526 32,034

Industrial Processes 1,581 2,228

Waste 0 2,147

Agriculture 0 358

Total 33,107 36,767
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Scenario Overview

reduction in emissions in this sector than in the resi-
dential sector due to lower emissions from electricity. 
Electricity demand does not reduce in Scenario 3 due to 
the expansion in the service sector. The fuels and tech-
nologies used to generate heat and electricity mimic 
the residential sector in each scenario.

inDUSTrial SeCTOr
Emissions decrease in this sector by 62%, 59% and 70% 
in Scenarios 1, 2 and 3 respectively. Energy demand 
remains at 2005 levels in each scenario, reflecting an 
improvement in efficiency due to growth in the sector 
and the difficulty and energy demand associated with 
maintaining high temperatures.  A small proportion 
of heat demand is met using solar thermal panels 
and heat pumps in each scenario.  In Scenarios 1 & 2, 
natural gas fuelled CHP plants generate 25%-30% of 
the heat demand and a small amount of electricity.  In 
all scenarios fossil fuels meet the majority of the heat 
demand, limiting emissions reductions.  In each sce-
nario 15% of electricity is provided using on-site solar 
photovoltaic panels.

TranSPOrT
Road transport emissions decrease by 54%, 83% and 
93% in Scenarios 1, 2 and 3 respectively.  Vehicle kilo-
metres stay the same in Scenario 1, reduce in Scenario 
2 and increase in Scenario 3.  Vehicles are more ef-
ficient in Scenarios 2 and 3, with no change in Scenario 
1. In all three scenarios electricity provides half of 
vehicle propulsion with a smaller amount provided by 
bioenergy.  Scenario 3 is the least reliant on fossil fuels 
(LPG) and has the largest emissions reductions of the 
scenarios. In all scenarios, rail is largely electrified.  In 
Scenarios 2 & 3 the frequency of domestic flights is un-
changed and they are fuelled by kerosene.  In Scenario 
1, bioenergy propels 40% of flights, electric vehicles are 
used for taxiing and, aircraft are ‘plugged in’ when on 
stand.

eleCTriCiTy generaTiOn
In all three Scenarios, Spain is largely self-sufficient al-
though there are exporting/importing links with France 
and Portugal. In Scenario 2, the region provides a larger 
share of Spain’s generation through solar power, on-
shore wind and bioenergy.  The generation mix of elec-
tricity varies between the scenarios, although onshore 
and offshore wind turbines are dominant. A reduced 
amount of nuclear power is present in Scenarios 1 and 
3, whilst in Scenario 2 all nuclear power plants in Spain 
are decommissioned.  In Scenarios 1 and 3, CCS is used.

inTrODUCTiOn
There were four scenario sessions conducted in the 
Madrid Region, three of which focused on reducing 
CO2 emissions by 80% by 2050. The remaining session 
looked at what level of CO2 reduction could be achieved 
by 2025 and what actions could be pursued in the 
short-term.

To ensure that the scenarios were developed inde-
pendently, the participants in the sessions were not 
informed how previous groups, either in the region, or 
outside had acted. This section provides a comparison 
between the first three scenarios.

The emissions decrease by 60%, 85% and 84% and, 
energy demand decreases by 0.1%, 46% and 29% in 
Scenarios 1, 2 & 3 respectively. 

eCOnOmy anD POPUlaTiOn
Population growth, driven by increased life expectancy 
and migration, varies between 18% and 43% in the 
three scenarios. This growth is tempered by climate 
change and water scarcity driving migrants to coastal 
areas of Spain. In Scenario 1 there is a growth in house-
hold size due to house prices rising. In Scenarios 2 & 3 
the number of people per household decreases due to 
a low birth rate, an aging population and children leav-
ing home earlier.  

Madrid’s economy grows in each scenario and indus-
try’s share of the economy declines, the commercial 
sector expands and drives economic growth.  In Scenar-
io 2, privatisation reduces public administrations share 
of the economy, whereas in Scenarios 1 & 3 it remains 
static.  In each scenario a lack of land limits growth in 
the agricultural sector.

reSiDenTial SeCTOr
Emissions decrease by 52%, 93% and 73% in Scenarios 
1, 2 and 3 respectively.  In Scenario 1, more gadgets 
and their improved efficiency mean that the sector’s 
electricity demand has remained static.  Efficiency 
improvements and behavioural change reduce elec-
tricity demand in Scenarios 2 & 3. A small part of this 
demand is met by on-site solar photovoltaic panels.  In 
Scenarios 1 & 3, natural gas provides more than half of 
heat demand, remaining dominant due to existing infra-
structure and its thermal efficiency.  In Scenario 2, more 
than half of heat demand is met using solar thermal 
panels and heat pumps.  

ServiCeS SeCTOr
Emissions decrease by 75%, 95% and 90% in Scenarios 
1, 2 and 3 respectively. Each scenario displays a greater 
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Scenario Characteristics

in ThiS meDiUm grOWTh SCenariO CO2 emiSSiOnS reDUCe by 60% anD Per CaPiTa emiSSiOnS 
COnTraCT TO 1.8T. enD USer energy COnSUmPTiOn ShrinkS SlighTly. The emiSSiOnS reDUCTiOnS 
OCCUr DeSPiTe a POPUlaTiOn inCreaSe Driven by eCOnOmiC immigranTS. The inTrODUCTiOn 
OF energy managerS TO regiOnal OrganiSaTiOnS COUPleD TOgeTher WiTh POliCy regarDing 
OnSiTe generaTiOn DriveS emiSSiOnS reDUCTiOnS in The ServiCe SeCTOr. eleCTriFiCaTiOn in The 
inDUSTrial SeCTOr reDUCeS FOSSil FUel USe. PrivaTe vehiCle USe haS nOT ChangeD anD eleCTriC 
CarS COmrPiSe halF OF The rOaD FleeT.  The regiOn reCeiveS iTS eleCTriCiTy FrOm a SPaniSh 
griD.

 “Education has to be the cornerstone of transformation – people 
need to consume less, recycle more and travel less.”

eCOnOmy anD POPUlaTiOn

“I think we are going to go through a period of stability. Maybe only 
small growth is good – it’s quality, not quantity.”

The population of the Madrid city region has increased 
to 7million. A large number of people have migrated to 
two of Spain’s major cities, Madrid and Barcelona, for 
employment opportunities and their universities. Peo-
ple have also moved to Madrid from abroad. The birth 
rate has slowed in recent years. Average household size 
has increased slightly due in part to constraints on the 
construction of new buildings.

Madrid is an administrative centre that has attracted 
businesses which has led to increased employment 
opportunities. The region and national economy have 
both grown by an average of 2% per year. The industrial 
sector has reduced its share of the regional economy as 
heavy industry has relocated abroad. The agricultural 
sector has grown to 1% of the region’s economy due 
to development of food production in the region. The 
commercial sector has also increased its share of the 
economy, while public administration is unchanged.  

reSiDenTial SeCTOr

“Appliances will be more efficient but we will have lots of new 
gadgets that could lead to energy going up per household... even in 

the economic recession, energy consumption went up.”

Emissions have reduced by 52%. Homes consume on 
average 11% less energy. Natural gas meets over half 
of heat demand and electricity, bioenergy, heat pumps 
and solar panels meet a larger proportion of heat 
demand. Photovoltaic panels meet 5% of electricity 
demand.

“It’s possible that the consumption of natural gas may come down a 
little but at the moment it is reaching all residences and is the least 

polluting fuel.”

ServiCeS SeCTOr
Emissions have reduced by 75%. The introduction of 
‘energy managers’ to organisations in the region and 
changes in regulations have increased the installation 
of decentralised energy systems on new buildings and 
a larger percentage of electricity is generated using PV 
panels than in the residential sector. Heat demand is 
mostly met by natural gas.

inDUSTrial SeCTOr
Emissions have reduced by 62%.  The reduction has 
been largely  driven by the low-carbon nature of elec-
tricity. Combined heat and power (CHP) plants, fuelled 
by natural gas, meet 30% of the sector’s heat demand. 
The requirement for high density fuels for heating 
processes in industry means that 60% of heat demand 
is met by fossil fuels. The remainder is met by on-site 
solar thermal panels and heat pumps. Industrial sites, 
due to their large roof spaces, meet a sixth of their 
electricity demand through on-site PV. 

TranSPOrT

“The costs of oil in 40 years may be so high that people will limit how 
much they use.”

Emissions from the transport sector have reduced by 
54%, largely due to changes to the energy mix. Road ve-
hicle kilometres have stayed the same, partly because 
people are choosing to travel on the expanded rail net-
works. Electric cars are a popular form of transportation 
and comprise approximately half of the vehicle fleet. 
Hydrogen is used primarily to propel heavy good vehi-
cles. High speed rail services link Madrid to many other 
major Spanish cities and more freight is transported 
by rail because it is cheaper than using lorries. Conse-
quently, kilometres travelled by rail have increased. All 
trains are powered by electricity and this has led to an 
emissions reduction of 83% due to the lower carbon 
intensity of electricity. 

Domestic flights from the region have increased by 10% 
as people continue to travel more. Bioenergy comprises 
40% of the fuel used in aeroplanes and this has reduced 
emissions. A small amount of electricity is used to tow 
planes around the airports.

Scenario 1: madrid
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“Biofuels might increase to 50% [for domestic air travel] by 2050, 
it depends on how quickly we run out of kerosene... If there is an 

oil shortage, the last place to be effected will be aviation – it will be 
protected.”

eleCTriCiTy generaTiOn

“Need renewables and nuclear power to manage the scenario of 
running out of gas and oil.”

Madrid obtains its electricity from a national grid be-
cause Spain wanted to retain control over its electric-
ity supply for energy security reasons. Almost a third 
of electricity generated in Spain is from fossil fuels, 
mostly natural gas. Half of natural gas power stations 
are fitted with CCS technology.  Nuclear power has 
continued to be very unpopular in Spain and there 
have been significant difficulties in developing new 
power stations and nuclear waste sites. However, the 
country decided that nuclear power was necessary 
to provide a secure, clean energy supply and conse-
quently 12% of the country’s electricity is generated 
using nuclear power.  Wind turbines generate almost a 
third of the electricity consumed in Spain.

“Spain doesn’t have a nuclear burial site so we bury it [nuclear 
waste] in France, which is very expensive.”

Emissions Change -60%

Energy Change -0.1%

Emissions per Capita 1.8t
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Scenario Characteristics

in ThiS meDiUm grOWTh SCenariO CO2 emiSSiOnS reDUCe by 85% anD Per CaPiTa emiSSiOnS COn-
TraCT TO 0.6T. enD USer energy COnSUmPTiOn ShrinkS by nearly a halF. The emiSSiOnS reDUC-
TiOnS OCCUr DeSPiTe a POPUlaTiOn inCreaSe Driven by an aging POPlaTiOn anD immigranTS. 
eleCTriCiTy COnSUmPTiOn in The reSiDenTial SeCTOr haS reDUCeD DUe TO behaviOUral Change 
anD aPPlianCe eFFiCienCieS. an UPTake OF OnSiTe reneWableS helP reDUCe inDUSTrial emiSSiOnS. 
PrivaTe vehiCle USe iS largely eleCTriFieD anD DeCreaSeS Per heaD OF POPUlaTiOn. The regiOn 
reCeiveS iTS eleCTriCiTy FrOm a naTiOnal griD. 

eCOnOmy anD POPUlaTiOn

“Now people spend a long time living with parents and never move 
out… but this will change and people will move into empty buildings.” 

The region’s population has grown to 7.5 million peo-
ple, driven by an aging population and immigration to 
Madrid from abroad and other areas of Spain. Climate 
change has made city living less pleasant. Household 
size has decreased; couples are having fewer children 
and young adults are leaving home earlier. However, 
homes have become more expensive over time and 
energy prices have risen significantly. Consequently, 
the number of households has not risen by much, as 
people have not been able to afford their own homes 
till later in life. 

“Petroleum…. might be used in a house up in the mountains with an 
old-style heating boiler, and some backup supplies need petrol.”

The region’s economy has grown at the same rate as 
the national economy, by 1.5% annually. Environmen-
tal issues and higher oil prices have contributed to 
the need for sustainable growth and though there has 
been a low rate of economic growth there has been 
economic stability. Public administration’s share of the 
economy has decreased as services have been priva-
tised. Industry has reduced its share of the economy 
because construction, heavy industry and manufac-
turing have all declined, though there are some new 
technologies and industries located in the Manzanares 
valley. The commercial sector has increased its share of 
the economy.

reSiDenTial SeCTOr

“Height of buildings makes wind power difficult… We don’t have 
much wind in Madrid. There aren’t that many areas that do have 
wind… Mini or small-scale turbines in rural areas is a possibility.”

Emissions have reduced by 93%. Electricity consump-
tion has halved driven by higher energy prices encour-
aging people to conserve electricity, smart meters 
enabling people to monitor their energy use, and new 

appliances being more efficient. Heat demand has also 
halved, driven by EU regulations introduced prior to 
2020. Improvements to housing design and fitting insu-
lation to existing houses has reduced the demand for 
air conditioning. Each household uses 63% less energy.

On-site heat renewable technologies meet 60% of 
the heat demand. Petroleum and bioenergy is used in 
homes located in remote areas. Onsite renewable elec-
tricity generation meets 15% of electricity demand.

ServiCeS SeCTOr
Emissions have reduced by 95%. Electricity and heat 
demand have both halved. Solar thermal panels and 
heat pumps meet 60% of heat demand. On-site PV pan-
els and wind turbines meet 15% of electricity demand, 
with the rest obtained from the low-carbon national 
grid. 

inDUSTrial SeCTOr
Emissions have reduced by 59%. It has been harder to 
reduce energy use as the sector has grown with the 
economy. However, electricity and heat demand has 
remained static. Solar thermal panels and heat pumps 
meet 15% of heat demand, but fossil fuels meet the 
majority of demand. The emissions reductions have 
been achieved through more efficient use of fossil fuels 
in CHP plants and the low-carbon intensity of electricity.

transport
Road transport emissions have reduced by 83%. Road 
vehicle kilometres have decreased by 10% as more 
people are travelling by public transport rather than 
private cars. Cars now travel twice as far using the same 
amount of energy. The majority of road vehicles are 
propelled by electricity sourced from a low-carbon na-
tional grid. The transition from petroleum to alternative 
fuels was partly driven by rising oil prices.

Rail transport emissions have reduced by 90%. There 
has been a 10% increase in kilometres travelled by rail 
as the metro system has expanded. Aviation emissions 

Scenario 2: madrid
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have decreased by 25%.  The sub-sector uses a combi-
nation of kerosene and bioenergy. There has been no 
decrease in the distance travelled by aircraft. However, 
increases to aircraft efficiency mean that 20% less 
energy is used for the same journeys. 

eleCTriCiTy generaTiOn

“We will still have some carbon fuels with carbon capture and 
storage. No coal or gas will be used without carbon capture.”

Spain has a national grid.  Political barriers stopped 
the development of a European grid. Spain does 
import some energy from France and exports electric-
ity to Portugal and Morocco. Smart grids have been 
installed to help manage the supply and demand for 
electricity. Coal is no longer used to generate electric-
ity in Spain and 13% is generated using natural gas, 
therefore the grid is less-carbon-intensive than in 
2005. Spain generates its electricity from onshore and 
offshore wind, solar power, hydroelectric power, tidal 
power stations on the northern Atlantic coast and bio-
energy. Nuclear power stations in Spain reached the 
end of their life and no new plants have been built. 
Generation of electricity in the Madrid city region has 
increased, and the city region now generates 15% of 
Spain’s electricity, compared with 1% in 2005. Electric-
ity in the city region is mostly generated using bioen-
ergy and solar power.

“At the end, we will have so much energy left over, we can sell it to 
France.”

CO2 emissions Change by Sector (kt)

electricity generation Percentage Share

electricity Source

energy Change by Sector (gWh)

Emissions Change -85%

Energy Change -46%

Emissions per Capita 0.6t



120

The eUCO2 80/50 PrOjeCT STage 2

Scenario Characteristics

in ThiS meDiUm grOWTh SCenariO CO2 emiSSiOnS reDUCe by 84% anD Per CaPiTa emiSSiOnS 
COnTraCT TO 0.6T. enD USer energy COnSUmPTiOn ShrinkS by jUST UnDer a ThirD. The emiSSiOnS 
reDUCTiOnS OCCUr DeSPiTe a POPUlaTiOn inCreaSe Driven by an inCreaSeD liFe exPeCTanCy 
anD immigranTS. WaTer iS a SCarCe reSOUrCe. a COmbinaTiOn OF rebUilDing anD reTrOFiTTing 
DriveS DOWn energy COnSUmPTiOn in The reSiDenTial SeCTOr. The ServiCe SeCTOr reDUCeS iTS 
emiSSiOnS DUe TO an eDUCaTiOnal PrOgramme. an inCreaSe in reneWable heaT generaTiOn 
TeChnOlOgieS helP TO reDUCe emiSSiOnS in The inDUSTrial SeCTOr. a COngeSTiOn Charge helPS 
inCreaSe PUbliC TranSPOrT USe.  The regiOn reCeiveS iTS eleCTriCiTy FrOm a lOW-CarbOn-inTen-
Sive naTiOnal griD.

 “I want the heat. I would be delighted for the temperature to go up 
2 degrees.”

eCOnOmy anD POPUlaTiOn

“I think people are more likely to move for work rather than 
temperature. People move to Seville and they accept the heat… 

Temperature is very low down the list of things that will effect your 
choices.”

The population of the region has increased to 8.5mil-
lion, driven by an increased life expectancy and a high 
level of immigration. Water is a scarce resource globally 
and this has affected migration trends. Climate Change 
has affected vulnerable groups in countries such as 
France where the population is less accustomed to the 
heat, with some impacts also felt in Madrid. Within 
Spain, people have moved to the coast to avoid the 
heat in the cities, but economic factors remain most 
important in people’s choice of where to live. There-
fore, the temperature rises have not had a large impact 
on the population in the region. Household size has de-
creased, facilitated by the building programme that has 
seen the number of households increase by over 80%. 

“The non-industrialised countries are growing in population. African 
countries are having a population boom. The Spanish economy 

should continue to grow and attract immigrants from Africa.”

The region’s economy has grown by 2% annually, facili-
tated by growth in the commercial sector. The industrial 
sector has reduced its share of the region’s economy. 
Public administration and the agricultural sector 
continue to have the same share of the economy as 
they did in 2005. Tourism in Spain has been negatively 
affected by global temperature rises, because people 
do not have to travel as far south in Europe to reach 
somewhere with high temperatures and sunshine.

“Maybe immigration will be affected by water – it’s a scarce resource. 
People will move all over the world looking for water. I may be the 

prophet of doom but this may have an impact on Madrid.”

reSiDenTial SeCTOr
Emissions have reduced by 73%. Each household uses 
61% less energy than it did in 2005. These reductions 
have been achieved through high standards for new 
buildings and a retrofitting programme which included 
the installation of on-site renewable heat and electric-
ity generation. Almost three quarters of heat demand is 
met by fossil fuels. More electricity is being used for air 
conditioning than in 2005. Nearly a third of electricity 
demand is met by solar PV and wind turbines.

“There are meters that measure how much heat is consumed in the 
building. Remote management will become available and I would be 

in favour of this. Planning will have to change to bring this about.”

ServiCeS SeCTOr
Emissions have reduced by 90%. This has been driven 
by improvements to building efficiency and education 
programmes that have led to decreased heat demand. 
Due to a combination of economic growth and efficien-
cy improvements, electricity is unchanged. The major-
ity of heat demand is met using fossil fuels, with some 
use of on-site heat pumps and solar thermal panels. PV 
panels and wind turbines meet a larger, 35%, share of 
electricity demand. 

inDUSTrial SeCTOr
Emissions have reduced by 70%. There has been no 
change in the amount of energy consumed. The sector 
has become more efficient due to economic growth. 
Roof space tends to be used for solar thermal panels 
rather than PV panels. As a consequence, a larger per-
centage of heat demand is produced on-site than in the 
residential and services sectors. Fossil fuels meet 69% 
of heat demand.

TranSPOrT
Road transport emissions have reduced by 93%. Policies 
have been introduced to deter private vehicles from 
entering and parking in the city centre, but this has 
been more successful in reducing congestion than in 

Scenario 3: madrid
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reducing the overall distance travelled by cars. The dis-
tance travelled by road vehicles has increased by 10% 
since 2005 but road vehicles are on average 55% more 
efficient than they were in 2005. Electricity provides 
half of the energy mix in road transport, and because 
the national grid is low-carbon, electric cars are low 
emitters. Bioenergy in road transport meets 30% of 
the energy required. The practicalities of storage and 
concerns over safety have limited the development of 
hydrogen as a transportation ‘fuel’. 

The same amount of energy is consumed by rail ve-
hicles as in 2005, but because they run almost entirely 
on low-carbon electricity, emissions from rail transport 
have been reduced by 98%.  In comparison, domestic 
aviation continues to run entirely on kerosene and 
there has been no change to the number of services. 
Therefore, emissions from the aviation sector are the 
same as they were in 2005.

ElEctricity gEnEration

“Spain has great energy resources but governments have not 
promoted their use. Until recently solar was zero even though it is a 

renewable source of energy and Spain has a lot of sun.”

Spain continues to have a national electricity grid, as 
Spanish people preferred to be self-sufficient in elec-
tricity generation. The electricity grid is extremely low-
carbon, with only 10% of electricity generated using 
fossil fuels, and all of this being generated in power 
stations with CCS technology. The first CCS plants were 
developed before 2015 and the technologies have ma-
tured. Over half of the electricity consumed in Spain 
is generated using wind turbines, almost all of which 
are situated onshore. Nuclear power meets a sixth of 
electricity demand. Pumped storage is used to bal-
ance supply when the wind is not blowing. The region 
continues to generate 1% of Spain’s electricity, mostly 
from bioenergy and waste. 

“I would vote in favour of nuclear… it provides lots of jobs so I would 
be happy to have a nuclear storage facility in my backyard.”

co2 Emissions change by sector (kt)

Electricity generation percentage share

Electricity source

Energy change by sector (gWh)

Emissions Change -84%

Energy Change -29%

Emissions per Capita
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“We are always thinking about emissions by consumption, but 
emissions are a worldwide phenomenon – we need to consider 

embodied energy from the extraction of the fossil fuel or material.”

“Emission reductions will be exponential after 2025. It’s not realistic 
to do the reductions before 2025.”

inTrODUCTiOn
The purpose of the final scenario session was to 
identify, based on the outcomes of the 2050 scenario 
sessions, what emissions reductions might be achieved 
in the region by 2025. The final scenario session in 
Madrid involved representatives from the previous 
three sessions and three participants who had not 
attended any of the prior sessions. A full scenario 
session was completed, leading to an emissions 
reduction of 48%.

“As my colleague… said we are looking to 20 years in the future, 
not 40, in our energy planning.”

eCOnOmy anD POPUlaTiOn

“At the moment energy use goes up with GDP. We have not 
decoupled this. Other countries have decoupled the two, where the 

energy use stays the same.”

The population has grown by 10% and the economy has 
grown by an average of 1.5% per year. There has been 
an increase in the amount of households, leading to a 
decline in average household size.  

“I don’t think Madrid should grow; I don’t think that it is desirable to 
grow.”

reSiDenTial
Heat and electricity demand have decreased by 14% 
and 13% respectively. 

“There is an increased need for air conditioning and an increased use 
of computers. I have the figures for the last few years and electricity 

use is going up, not down.”

“I can tell you that in the last few years, the greatest energy use in my 
house is in the summer because of air conditioning.”

This has been achieved by the measures listed on the 
opposite page.

On-site renewable heat generation meets 7% of heat 
demand but the majority of heat demand is met by 
natural gas.  Natural gas is seen as a relatively clean fuel 
in comparison to petroleum. Peak gas has not occurred 
and due to the lifetime of gas boilers the majority are 
still in place. 

2025 Synthesis Scenario: madrid 

inDUSTry
The industrial sector’s share of the economy has 
reduced.  This and industry’s focus on efficiency have 
led to a reduction in energy demand. Fossil fuels meet 
77% of heat demand. 

TranSPOrT

“You should dissuade parking in the city centre, but no-one’s going to 
say that.”

Road vehicle kilometres have reduced by 20%. 
Reducing travel in private vehicles has been more 
challenging in the outskirts of the city region than in 
the city of Madrid where public transport is established. 
Population growth is viewed as an additional challenge 
for reducing travel.

“For 2030 forecasts we think that about 10% of transport will be by 
electric cars so I think it would be difficult to see 50% of transport by 

2050 – more realistic to look at hybrid cars.”

This changes have been delivered by the policies listed 
on the opposite page.

The energy mix for road transport is comprised of 9% 
bioenergy, 8% electricity, 1% hydrogen, 3% natural gas 
and 79% petroleum. Many of the petroleum based 
road vehicles are hybrids.  Bioenergy has not taken on 
a larger share of the energy mix because of constraints 
on the availability of resources and the question of 
whether land should be used to grow energy crops 
or food crops. Emissions from road transport have 
reduced by 23%. 

eleCTriCiTy generaTiOn

“There won’t be much change in the next 15 years. We don’t expect 
to produce any more electricity in Madrid in the next 15 years… We 

currently have an energy policy in place until 2020. If we are keeping 
these policies there is probably going to be little change by 2025.”

Two thirds of the emission reductions have resulted 
from the low-carbon intensity of electricity generation. 
Coal without CCS generates 2% of electricity and coal 
with CCS 5%. Renewable generation technologies meet 
33% of electricity generation comprising on- and off-
shore wind turbines, tidal power, hydroelectric power, 
solar power and biofuel. The amount of electricity 
generated using natural gas has reduced by a small 
amount, and nuclear power generation has halved. 
Madrid continues to produce 1% of Spain’s electricity 
using the same technologies as in 2005. 
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A programme of retrofitting.
The development of low-energy new homes.
Policies encouraging private companies to support home working.
Policies supporting car pool schemes.
Schemes to dissuade parking in the city centre of Madrid.

PanOrama OF Plaza De la CibeleS 
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