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I   EXECUTIVE SUMMARY 

I.I INTRODUCTION 

Lǘ ƛǎ ǿŜƭƭ ŘƻŎǳƳŜƴǘŜŘ ǘƘŀǘ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ōŜŎƻƳƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ǳǊōŀƴƛǎŜŘΣ ŀƴŘ ƛǘ ƛǎ 

expected that by 2050 more than 66% will live in urban areas (UN, 2014). Europe already has 74% of 

its population living in urban areas which is expected to rise to 80% by 2050 (UN, 2014). Meanwhile 

due to the socio-economic strength and importance of cities, combined with related consumption, 

cities are responsible for over 78% of the global energy consumption and over 60% of greenhouse gas 

emissions (UN Habitat, 2016).  

The POCACITO project involves working with ten European cities to develop local strategies to reach 

post carbon status by 2050. Local stakeholders were engaged in a series of workshops involving a 

visioning and backcasting exercise to develop strategies for post carbon 2050 scenarios. The ten case 

study cities are Barcelona, Copenhagen, Istanbul, Lisbon, LitomŠǌice, Malmö, Milan/Turin, Rostock 

and Zagreb.  

This document presents the modelling and quantification of the post carbon scenarios (PC 2050) and 

compares the modelled outcome with business as usual (BAU) scenarios. The subsequent aim of 

POCACITO was to present the gaps in the proposed PC2050 scenarios and develop enhanced local 

Roadmaps, ultimately leading to a European Roadmap that facilitates the transition of European cities 

to a post-carbon future. Fundamentally, the project views the move to post carbon as both an 

opportunity, as well as a necessity, to ensure the three pillars of sustainability (economic, 

environmental and social) are incorporated into the essence of the city, thereby transitioning cities, to 

low carbon, liveable and equal places where a high quality of life is central.  

This document extends and builds on the POCACITO research presented in άQuantification of the Case 

{ǘǳŘȅ /ƛǘƛŜǎέ (Harris et al. 2016) that modelled and quantified the scenarios in terms of the main 

physical components that includes population, energy use, transport, GDP and employment.  

In order to model, quantify and compare the future scenarios a range of complementary qualitative 

and quantitative methodologies are utilised. In particular, city scale assessments of the impacts of the 

scenarios are supported with a footprint analysis (using environmentally extended multi-regional 

input-output analysis) that enables a comparison of city system level impacts with the total footprint 

impact occurring through the supply chain on a global level. This is supplemented with a semi-

quantitative analysis of sustainability key performance indicators, an analysis of potential land use 

changes (urban sprawl) and a socio-economic assessment.  

I.II METHODOLOGY 

The methodology and approach was presented in άQǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ /ŀǎŜ {ǘǳŘȅ /ƛǘƛŜǎέ Harris et 

al. 2016). It is based on first establishing the current trends for the main components based on 

historical data. BAU is then projected from the current trends, and where appropriate, considers 

recent progress made in relevant ongoing and planned projects. PC 2050 is developed from the vision 
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and qualitative scenarios developed in stakeholder workshops ǇǊŜǎŜƴǘŜŘ ƛƴ άwŜǇƻǊǘ ƻƴ {ǘŀƪŜƘƻƭŘŜǊ 

WoǊƪǎƘƻǇǎέ ό.ǊŜƛƭ Ŝǘ ŀƭΦ нлмрύ. It is therefore based on an interpretation of the visions, actions and 

milestones developed in the workshops. This forms the basis for the modelling the impacts of the 

cities. 

The impacts methodology consists of the following four main components:  

1. KPI assessment and qualitative analysis 

2. Quantitative analysis  

a. Energy and GHG 

b. Environmental footprint (using EE-MRIO) 

3. Eco-system services  

a. Spatial modelling of city development for 2050 

b. Recreational benefits from urban green areas (only for Copenhagen and Malmö , and 

presented in the comparative assessment in Chapter 5) 

4. Socio ς economic assessment  

a. Investment costs 

b. Cost-benefit analysis  

The Key Performance Indicator (KPI) ŀǎǎŜǎǎƳŜƴǘ ǳǘƛƭƛǎŜǎ ǘƘŜ th/!/L¢h YtLΩǎ όǎŜŜ άwŜǇƻǊǘ ƻƴ YŜȅ 

PerŦƻǊƳŀƴŎŜ LƴŘƛŎŀǘƻǊέΣ (Selada et al. 2014)) to provide a semi-quantitative/score assessment of the 

likely outcome for each indicator under both of the scenarios.  

The quantitative analysis consists of two components. The first focuses on the energy use and 

greenhouse gas (GHG) emissions that are projected to occur under the scenarios. These are based on 

standard ways of calculating the GHG emissions that result from activities within the cityΩǎ territorial 

boundaries (i.e. from electricity, energy use in buildings and industry and transport) using standard 

emission factors. The second component is the assessment of the footprint of the cities activities 

including consumption using the MRIO methodology and the EXIOBASE database. This is based on the 

assumption and definition that the city footprint can be calculated from final demand of household 

consumption and government expenditure.  

 The potential impacts caused by urban sprawl and changes in land use are quantified by modelling a 

continuation of the recent trends. These aim to highlight the potential differences in city 

development between the BAU and PC2050 scenarios. A further socio-economic assessment provides 

an indication of the investment costs and compares this with potential benefits.  

For the Copenhagen and Malmö case studies an additional assessment was made on the recreational 

benefits provided by urban green areas. Due to limitations in data availability and the project scope, 

this was only conducted for these two cities. However, together with the land use assessment it 

provides an indication of the value of green areas in cities.  

I.III RESULTS 

The results of the different methods of analysis for the future scenarios of the ten case study cities 

are presented in the following sections.  
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I.III.I KEY PERFORMANCE INDICATOR IMPACTS 

The KPI modelling and analysis showed that most cities are performing well in most categories for 

both scenarios. In particular there is good to excellent performance in most of the environmental and 

energy related indicators. The exception to this is Istanbul, which due to a large increase in 

population, affluence, associated energy use, and limited progress in renewable energy, faces the risk 

of vastly increasing GHG emissions. 

Despite the recent financial crisis and its impacts still being felt to some degree, many of the cities are 

continuing to develop well in terms of GDP. It is apparent however, that there is a clear difference 

between BAU and PC2050, ǿƛǘƘ .!¦ ƛƴ Ƴƻǎǘ ŎŀǎŜǎ ƻƴƭȅ ǇǊƻǾƛŘƛƴƎ άƭƛƪŜƭȅ ǇƻǎƛǘƛǾŜέ ǇǊƻƎǊŜǎǎΦ ¢Ƙƛǎ 

suggests that whilst many cities are heading in a positive direction under BAU, progress is likely to be 

too slow to achieve excellent results or post-carbon status.  

Within the PC2050 scenarios there appears to be a gap for most cities with some environmental 

factors such as waste recovery. This is partly a reflection of the methodology used in the research, 

with a limited number of workshops and limited revisions of the actions and milestones associated 

with the scenarios. 

A key area of concern is the poverty level for several of the cities with likely negative progress 

ǇǊƻƧŜŎǘŜŘ ŦƻǊ  [ƛǘƻƳŠǌƛŎŜΣ aƛƭŀƴΣ wƻǎǘƻŎƪ ŀƴŘ ¢ǳǊƛƴ ǳƴŘŜǊ .!¦Φ ¢ƘŜǎŜ ŎƛǘƛŜǎ ŀlso have either negative 

progress or no progress under PC2050. For the majority of other cities the progress under PC2050 is 

projected to be only minor with only Istanbul having very positive progress. This is a reflection of the 

increasing disparity between rich and poor in many global cities.  

I.III.II QUANTITATIVE ANALYSIS  

ENERGY AND GHG EMISSIONS 

Energy use per capita for the ten cities is compared in Figure 1. This shows that apart from Istanbul 

and Lisbon, energy use per capita declines in BAU, and for all cities under PC2050. Energy use per 

capita under PC2050 declines at various rates due to the associated actions and milestones stipulated 

under the individual PC2050. However, energy use is around 10 MWh per capita/year for the majority 

of cities, with Barcelona being the lowest at 6.8 MWh per capita/year. This suggests that there is 

much room for energy efficiency improvements in the majority of cities.  

High energy use does not necessarily translate into high GHG emissions as comparison with Figure 2 

illustrates. The three stand out performers under PC2050 are Barcelona, Copenhagen ŀƴŘ  [ƛǘƻƳŠǌƛŎŜ, 

with 0.35 tCO2e per capita/year, 0.18 tCO2e per capita/year and 0.36 tCO2e per capita/year, 

respectively. These cities are also the leading performers under BAU, with Copenhagen the lowest at 

0.7 tCO2e per capita/year. 
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Figure 1: Energy use per capita currently compared to BAU and PC2050 

Under PC2050 many cities are around 1 to 2 tCO2e per capita/year, with Turin and Istanbul being the 

highest. This is primarily due to weak actions and milestones in the PC2050 workshops, and also partly 

due to poor data availability. Istanbul with its large increase in population, affluence, associated 

energy use, and limited progress in renewable energy, faces the risk of vastly increasing GHG 

emissions. This holds true also on a per capita basis under PC2050.  

 

 

Figure 2: GHG emissions per capita  

ECONOMIC OUTPUT PER UNIT OF GHG EMISSIONS 

Figure 3 compares GHG emissions per EUR for the current situation and the scenarios and shows that 

for all cities there is improvement under both BAU and PC2050. Hence, for all cities the productivity 
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per kgCO2e is expected to improve under BAU and vastly improve under PC2050. In other words there 

is a decoupling of GHG emissions from economic output. This is further illustrated in Figure 4 that by 

contrast shows economic output (EUR) per kgCO2e. Again the outstanding performers under PC2050 

appear to be Barcelona and Copenhagen with Copenhagen generating 581 EUR/ kgCO2e compared to 

9.9 EUR/ kgCO2e for the lowest performer, Istanbul. This is slightly more than the 2013 level for Milan 

and Malmö.  

 

 

Figure 3: GHG emissions per EUR (GDP) 

 

Figure 4: The amount of GDP (EUR) created for each kg of GHG emission 
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I.III.III FOOTPRINT ANALYSIS (EE-MRIO) 

The footprint analysis performed using EE-MRIO delivered very different results for GHG emissions 

than for the territorial calculations. As discussed above, GHG emissions on a per capita basis decrease 

for the majority of cities under both BAU and PC2050 (but most dramatically under PC2050).  

In comparison, Figure 5 shows that the total GHG emissions per capita increases for eight of the cities 

under BAU and PC2050. Despite direct emissions falling for the majority of cities under PC2050 the 

upstream emissions resulting from consumption increases markedly for these cities. The only 

exceptions are for Milan and Turin which both demonstrate a slight decrease. This is most probably 

linked to more modest increases in GDP per capita for these cities, but may also be due to limitations 

of the modelling within the MRIO database. In other words, the adjustments made to the energy 

profiles of the cities were complex and it was difficult to translate the cities energy profile (which 

includes all energy use of the city) into related to consumption. 

 

 

Figure 5: Direct and indirect GHG emissions for all case study cities for 2007, BAU and PC2050 

In Figure 6 and Figure 7 the increase in GHG emissions with respect to the base year are compared 

using the standard territorial method and the MRIO footprint method. This shows that in the former 

traditional calculation method the GHG emissions per capita decreases for all cities (apart from 

Istanbul) in both scenarios. The decrease under PC2050 ranges from 60% for Rostock and Turin, up to 

96% for Copenhagen.  

Conversely, in Figure 7 it can be seen that the total footprint emissions increase for all cities apart 

from Milan and Turin. Under PC2050 the increase ranges from 234% in Istanbul to 16%, and the 

majority increase is between 30% and 50%. 

This is partly due to the focus of the developed scenarios, in that the city scenarios were generally 

focussed on energy use and production, and not consumption. However, it also shows that without 

such a focus European cities risk falling well short of being low/zero carbon and will merely shift the 

emissions abroad unless consumption is specifically addressed. Recent studies such as Chen et al. 

(2016) which examined five Australian cities also support the notion that a vast share of footprint 

emissions occur upstream and overseas. They found that over half of the embodied emissions occur 

from imports.  
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A further reason for the increasing GHG emissions of the scenarios is also down to the background 

modelling assumptions. These are derived from standard projections on 2050 efficiencies obtained 

from reports from international organisations such as the International Energy Agency, World Bank, 

EU and UN. The background productions system (i.e. the systems supporting the manufacturing of the 

products) the  is assumed to be the same for both BAU and PC2050 as we assume that the actions 

made by the ten case study cities will not impact on this background system.  

 

 

Figure 6: Percentage change in GHG emissions per capita from 2007 to BAU and PC2050 using 
standard territorial calculation method 

 

Figure 7: Percentage change in GHG emissions per capita from base year to BAU and PC2050 using 
footprint analysis  
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I.III.IV ECO-SYSTEM SERVICES  

LAND USE CHANGES 

The analysis of land use change showed that all cities would experience various degrees of urban 

development and loss of non-urban land (continued urban sprawl). It should be noted that the 

analysis was performed for the wider NUTS III1 areas and greater metropolitan areas, to encompass 

the wide scale impacts of the economic activities of the cities. Most of the cities will experience 

densification in some parts, but also dis-densification where population declines.  

Whilst the BAU scenarios were modelled by extending the trends of development from 2000 to 2012, 

the assumption for the PC2050 scenarios was that policies would ensure no net further development 

of non-urban land. Therefore densification would be a central policy for PC2050. The result of this is 

that the BAU results are of most interest as these illustrate the potential impact and encroachment of 

future development on non-urban land. Table 1 provides a summary of the analysis for the BAU 

scenarios. It shows that despite some cities experiencing population decline, all cities will experience 

development of currently non-urban area if trends continue. The cities with the highest potential for 

further loss of non-urban land, ranging from 43.7% to 19.9%, are Malmö , Istanbul, Copenhagen and 

Barcelona.  

Table 1: The quantity and percentage of projected development for the case study cities under BAU 

 

Km2 change 2012-2050 BAU % change 2012-2050 BAU 

Barcelona 161.0 19.9% 

Copenhagen  74.4 23.6% 

Istanbul  331.5 30.1% 

Lisbon  64.4 10.6% 

[ƛǘƻƳŠǌƛŎŜ  0.1 1.9% 

Malmö  37.4 43.7% 

Milan 40.4 5.6% 

Rostock 5.7 10.8% 

Turin 32.6 7.1% 

Zagreb 11.5 7.1% 

 

This is of concern for two primary reasons. Firstly, the importance of green recreational areas and 

non-urban land is increasingly recognised by research for health, well-being and quality of life. 

Secondly, research also shows that sprawling cities require more infrastructure (and are therefore 

                                                           
1
 The NUTS classification (Nomenclature of territorial units for statistics) is the standard EU hierarchical system 

for territorial regions consisting of three different levels of definition.  
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more resource intensive), are less energy efficient and have a higher carbon footprint than dense city 

areas.  

Densification and urban sprawl were generally not well covered in the city visions and actions of 

POCACITO case study cities. Therefore there is a need to ensure policies and strategies are developed 

to incorporate dense development.  

The value of urban green areas is also supported in the analysis of recreational benefits for Malmö  

and Copenhagen, which showed the high value and use of green areas.   

I.III.V SOCIO-ECONOMIC ANALYSIS 

A summary of the discounted costs and benefits for all cities is shown in Table 2. It also shows the 

percentage of cumulative GDP (from 2018 to 2050) for the costs of energy efficiency improvements 

and additional renewable energy. It shows that for all cities apart from Copenhagen, Istanbul and 

Malmö , the benefit-cost ratio is positive for BAU. Under PC2050 the benefit-cost is positive for all 

cities apart from Istanbul (due to poor air quality) with the ratio ranging from 0.6 to 6.4. The highest 

benefit-Ŏƻǎǘ Ǌŀǘƛƻǎ ƻŎŎǳǊ ŦƻǊ ǘƘŜ ŎƛǘƛŜǎ ƻŦ ½ŀƎǊŜōΣ .ŀǊŎŜƭƻƴŀΣ aƛƭŀƴ ŀƴŘ  [ƛǘƻƳŠǌƛŎŜΦ 

The range of costs for PC2050 is related to both the size of the city and the degree of actions 

stipulated in the city visions (which were used as a basis for the modelling). This limits the 

comparability of costs between the cities. 

Although this needed to be a simplified cost-benefit analysis, it still shows that the return on costs is 

very positive for most cities, even though the only benefits covered in this analysis are based on 

changes in air-quality and on changes in premature deaths.  

Table 2: Costs and benefits comparison of the scenarios 

(MEUR) DISCOUNTED COSTS 

(3%) 

% OF GDP DISCOUNTED BENEFITS 

(1%) 

BENEFIT/COST RATIO 

 BAU PC2050 BAU  PC2050 BAU  PC2050 BAU  PC2050 

Barcelona 2792 6597 0.15% 0.31% 19 178 36 063 6.9 5.5 

Copenhagen 2 291 4 397 0.18% 0.35% -2 199 2 499 -1.0 0.6 

Istanbul  19 644 32814 0.28% 0.45% -438 731 -94 711 -22.3 -2.9 

Lisbon 1064 2873 0.28% 0.69% 1 008 7 340 0.9 2.6 

[ƛǘƻƳŠǌƛŎŜ 66 132 0.77% 1.53% 294 447 4.5 3.4 

Malmö  830 2 230 0.13% 0.35% -154 2 258 -0.2 1.0 

Milan 2 903 14 299 0.15% 0.73% 29 552 54 193 10.2 3.8 

Rostock 528 1 085 0.34% 0.63% 808 2 179 1.5 2.0 

Turin 1 768 4 869 0.26% 0.68% 8 313 13 968 4.7 2.9 

Zagreb 1385 3557 0.30% 0.76% 6 363 22 897 4.6 6.4 

 

I.III.VI CONCLUSION 

In summary we list some of the most prominent critical factors from the assessment: 

1. Post carbon status will not be reached by 2050 for the majority of case study cities under 

the current BAU trajectories 
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Only Copenhagen is under 1 tonne CO2e per capita/year with the most extreme case 

being up to 5 tonnes CO2e per capita/year for Istanbul. The majority of cities are still 

in the range of 2-4 tonnes tonne CO2e per capita/year. 

2. tƻǎǘ ŎŀǊōƻƴ ǎǘŀǘǳǎ ǿƛƭƭ ŀƭǎƻ ōŜ ƳƛǎǎŜŘ ǳƴŘŜǊ Ƴƻǎǘ t/нлрл ǎŎŜƴŀǊƛƻΩǎΣ ŘǳŜ ǘƻ ǿŜŀƪ ŀŎǘƛƻƴǎ 

and milestones  

However, there is good potential to counter this in the individual city strategy papers.  

3. When consumption impacts/footprint analysis of the cities are assessed using EE-MRIO the 

projected impacts are even more pronounced and increase in eight out of ten cases  

This is primarily linked to rising GDP and a corresponding increase in spending and 

consumption. 

4. There is a key role for cities to limit the footprint impact by fostering and promoting the 

circular economy.  

Cities are the drivers of economic growth but are also the root cause of the majority 

of consumption. There are many ways in which a city can help foster a circular 

economy by providing the facilities and infrastructure required to reuse, repurpose, 

refurbish, and remanufacture, as well as the more traditional (but as yet not 

perfected or fully implemented) recycling. Cities can work together with businesses to 

enable this, but cities can also help foster new innovative businesses through 

appropriate policies. 

5. Energy and resource efficiency measures can significantly reduce the investment required in 

renewable energy 

There are still significant opportunities to improve the energy efficiency measures of 

the PC2050 for most cities. This could be realised by embedding an energy efficiency 

approach in policy to foster concerted action on transport, buildings, appliances and 

the planning of infrastructure. Lowering the energy demand would subsequently 

reduce the requirements for installed capacity of renewable energy and its storage. 

6. The benefits of achieving post carbon stŀǘǳǎ ŀƴŘ ŀ ǇŜǊŦƻǊƳŀƴŎŜ ŀŎǊƻǎǎ ǎǳǎǘŀƛƴŀōƭŜ YtLΩǎ ŦŀǊ 

out weight the potential costs in most cases 

Despite our analysis being simplified it shows that the benefit-cost ratio is positive in 

nine out of ten cities (although an improved PC2050 strategy for the remaining city, 

Istanbul, would also make this positive), and would be even more so if gaps are 

addressed. In addition, energy costs are significantly lower (by up to 45% for Lisbon) 

under PC2050 due to the increased emphasis on energy efficiency measures and the 

corresponding need for lower capacity. Furthermore, the PC2050 measures would 

create thousands of jobs related to the energy efficiency and renewable energy 

provisions. 

Despite factors such as smart grids and transport being omitted from the cost benefit 

analysis, a growing body of research supports the notion that benefits firmly 

outweigh costs for improved public transport (e.g. Rode and Floater, 2014; Litman, 

2015) and smart grids (e.g. IEA, 2011b; The Climate Group, 2008).  

 

7. Effective and ambitious long term strategies for energy efficiency and renewable energy are 

required almost immediately 
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The task of developing enough renewable resources to supply most cities, particularly 

in a time of increasing electrification is enormous and should not be underestimated. 

However, there is a need for quick implementation of energy efficiency measures and 

renewable energy technologies to maximise benefits, improve health and well-being, 

and to avoid a potentially paralysing lock-in of sub-standard physical elements 

including buildings and transport.  

8. Urban sprawl is a concern for all cities, even for those with a projected population decrease, 

with up to 43% of non-urban land being converted to urban land. 

9. Social issues are consistently of concern and need addressing  

This is true not only for BAU but also for PC2050. One of the most important ŎƻƳƳƻƴ YtLΩǎ 

with a poor performance in 2050 is the poverty level and the disparity between rich and poor.  
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II   INTRODUCTION 

The POCACITO project aims to facilitate the transition of European cities towards a post-carbon future 

by defining a Roadmap for the transition. Central to this was the development of post-carbon 

scenarios and strategies for 2050 for ten case study cities: Barcelona, Copenhagen, Istanbul, Lisbon, 

LitomŠǌice, Malmö, Milan/Turin, Rostock andΠ Zagreb. For each of these cities two 2050 scenarios, a 

business as usual (BAU) and a post-carbon 2050 (PC 2050) scenario, were developed and modelled in 

order to assess and compare potential pathways and outcomes. Post-carbon refers to a city with net-

zero greenhouse gas emissions. The project views the move to post carbon as both an opportunity, as 

well as a necessity, to ensure the three pillars of sustainability (environmental, economic and social) 

are incorporated into the essence of the city, thereby transitioning cities, to low carbon, liveable and 

equal places where a high quality of life is central. 

This document presents the quantification of the impacts and comparative analysis of these two 

possible future scenarios. It extends and builds on the POCACITO presented in Quantification of the 

/ŀǎŜ {ǘǳŘȅ /ƛǘƛŜǎέ (Harris et al. 2016) that modelled and quantified the scenarios in terms of the main 

components that includes population, energy use, transport, GDP and employment. The methodology 

and approach was presented in D5.2. It is based on first establishing the current trends for the main 

components based on historical data. BAU is then projected from the current trends, and where 

appropriate, considers progress made in relevant ongoing and planned projects. PC 2050 is developed 

from the vision and qualitative scenarios developed in stakeholder workshops (ǎŜŜ άwŜport on 

{ǘŀƪŜƘƻƭŘŜǊ ²ƻǊƪǎƘƻǇǎέΣ .ǊŜƛƭ Ŝǘ ŀƭΦ нлмрύ. It is therefore based on an interpretation of the visions, 

actions and milestones developed in the workshops. This forms the basis for the modelling the 

impacts of the cities.  

Quantification of the impacts is performed by utilising two complimentary methods. The first focuses 

on impacts within the city system boundaries and uses the key performance indicators developed in 

th/!/L¢h όǎŜŜ άwŜǇƻǊǘ ƻƴ YŜȅ tŜǊŦƻǊƳŀƴŎŜ LƴŘƛŎŀǘƻǊǎέΣ Selada et al. 2014) as a basis to model and 

quantify the 2050 scenarios for each case study city. The Key Performance Indicators cover the triad 

of sustainability indicators: environmental, social and economic. The second method aims to account 

for the total impacts of the city (environmental footprint) including the indirect or upstream impacts 

caused by consumption. In order to do this it utilises an economic based multi-regional input-output 

(MRIO) approach based on the EXIOBASE database. Figure 8 provides an overview of the approach 

and the tasks conducted for the modelling and quantification of impacts. The first stage was reported 

in άQǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ /ŀǎŜ {ǘǳŘȅ /ƛǘƛŜǎέ (Harris et al. 2016) and forms the basis for the 

quantification of the scenario impacts.  

In addition to the MRIO and KPI analysis, three other types of analysis are conducted in this report to 

model and assess other impacts of the scenarios. The potential impacts caused by urban sprawl and 

changes in land use are quantified by modelling a continuation of the recent trends. These aim to 

highlight the potential differences in city development between the BAU and PC2050 scenarios. A 

further socio-economic assessment provides an indication of the investment costs and compares this 

with potential benefits.  

For the Copenhagen and Malmö case studies an additional assessment is made on the recreational 

benefits provided by urban green areas. Due to limitations in data availability and the project scope, 
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this was only conducted for the two cities. However, together with the land use assessment it 

provides an indication of the value of green areas in cities.  

 

 

Figure 8: Modelling and quantification processes within WP5 

In summary the following analysis is conducted in this report for each case study city for the BAU and 

PC2050 scenarios:  

1. KPI assessment and qualitative analysis 

2. Quantitative analysis  

a. Energy and GHG 

b. Environmental footprint (using MRIO) 

3. Eco-system services  

a. Spatial modelling of city development for 2050 

4. Socio ς economic assessment  

a. Investment costs 

b. Cost-benefit analysis 

II.I OVERVIEW OF QUANTIFYING THE IMPACTS IN THE 

POCACITO PROJECT 
The objectives of the modelling and quantification stage of the POCACITO project are to:  

1. Collect quantitative information on the qualitative strategic transition and BAU scenarios, 

respectively defined in WP4 as well as quantitative data on measures needed for the 

transition described in the case studies. 

2. Engage selected stakeholders in a structured way by applying the Sensitivity Model to define 

the most important factors for quantification, and to define and visualise the causal relations 
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between key factors and semi-quantify the interdependencies. We will select tools and 

methods for each case study city based on the causal relations. 

3. Model and analyse the environmental and socio-economic effects of the post-carbon city 

scenarios as compared to BAU scenarios. 

4. Interpret the results and feed the results of the impact analysis and the conclusions into the 

Roadmap process and into the global knowledge sharing of the POCACITO project. 

To achieve these objectives the main tasks were: 

1. Select the key factors to be modelled for each case study city ς by using the Sensitivity Model. 

2. Model BAU and PC 2050 and to quantify the physical elements of the scenarios 

3. Quantify the environmental impacts ς this involves identifying which indicators to focus on in 

each case study city and assessing effects on eco-system services. 

4. Quantify the socio-economic effects of the scenarios ς this includes  

o an assessment of the financial costs of the required investments and the mitigation 

costs.  

o Socio-economic costs and benefits  

o Monetise externalities and impacts, and effects on ecosystem services 

o Assess social effects of the scenarios through methods such as the GINI coefficient. 

5. Interpret the results and provide an analysis that illustrates the gap between BAU and PC 

2050. 

This report focuses on the third and fourth objectives and the tasks 3-5 above. Due to project 

limitations in dealing with ten case study cities and data limitations two deviances from the above 

were necessary. Externalities of environmental impacts were not monetised, but it is thought that this 

would not provide valuable lessons in addition to those provided through the comprehensive 

methodology. Furthermore, the assessment on social effects was limited to the social key 

performance indicators and the GINI coefficient was not utilised due to data limitations. 

 

II.I.I STRUCTURE OF THIS REPORT  

The next chapter describes the methodology and approach used to understand and quantify the 

impacts of the 2050 scenarios. In Chapter 4 the individual results of the impact quantification 

assessments are presented for each case study city. Chapter 5 then compares the results of the cities 

individual assessments, discussing the similarities and differences and why these occur. Finally, 

Chapter 6 provides a discussion of the research and presents the key lessons and conclusions.  Three 

annexes are provided. Annex I lists the assumptions used in the modelling and quantification. Annex II 

provides the base results of the land use change analysis, and Annex III gives an overview of the 

methodology used by Oxford Economics for its forecasting process for consumer spending. 
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III   METHODOLOGY FOR THE QUANTIFICATION 
OF IMPACTS  

The base modelling of the BAU and PC2050 scenarios for each case study city was presented in the 

άvǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ /ŀǎŜ {ǘǳŘȅ /ƛǘƛŜǎέ όIŀǊǊƛǎ et al. 2016). This deliverable built upon the 

information from previous work packages performed in POCACITO, other literature, data and models, 

to develop qualitative and quantitative BAU and PC 2050 scenarios for each city. The outcomes are 

quantitative descriptions of the scenarios that provide the foundations for an assessment of the 

impacts. The primary elements were: population, energy, transport, buildings and housing, 

GDP/economic development, industry sectors and employment. 

The main stages of the modelling exercise for each city can be summarised as:  

1) Current trendsς developing and understanding the current trends for a set of primarily 

physical indicators. These are derived from the WP3 assessment and other information 

sources;  

2) BAU ς the Business as Usual  (BAU) scenario  is then projected from the current trends, and 

where appropriate, it considers progress made in relevant ongoing and planned projects.  

3) PC 2050 is developed from the qualitative scenarios developed in in the POCACITO workshops 

(see άwŜǇƻǊǘ ƻƴ {ǘŀƪŜƘƻƭŘŜǊ ²ƻǊƪǎƘƻǇǎέΣ .ǊŜƛƭ Ŝǘ ŀƭΦ нлмрύ. Hence it involves translating and 

expanding the visions, actions and milestones. 

This chapter describes the approach needed for the quantification and comparison of the impacts of 

the scenarios for each city. As discussed in the introduction, the impacts methodology has four main 

components each of which are described in the following sections:  

1. KPI assessment and qualitative analysis 

2. Quantitative analysis  

a. Energy and GHG 

b. Environmental footprint (using MRIO) 

3. Eco-system services  

a. Spatial modelling of city development for 2050 

b. Recreational benefits from urban green areas (only for Copenhagen and Malmö, and 

presented in the comparative assessment in Chapter 5) 

4. Socio ς economic assessment  

a. Investment costs 

b. Cost-benefit analysis  

The KPI assessmeƴǘ ǳǘƛƭƛǎŜǎ ǘƘŜ th/!/L¢h YtLΩǎ to provide a semi-quantitative/score assessment of 

the likely outcome for each indicator under both of the scenarios. This is provided in a simple 

tablature form that illustrates the current trends alongside the projected outcome for each indicator 

and the scenarios. In addition, a qualitative assessment is provided that discusses the table more in-

depth and describes the basis on which the scores were awarded.  

The quantitative analysis consists of two components. The first focuses on the energy use and 

greenhouse gas (GHG) emissions that are projected to occur under the scenarios. These are based on 



 

17  ω  SUSTAINABILITY IMPACTS OF POST CARBON CITIES 

standard ways of calculating the GHG emissions (e.g. the GHG Protocol, 2014) that result from 

activities within the cityΩǎ territorial boundaries (i.e. from electricity, energy use in buildings and 

industry and transport) using standard emission factors. The second component is the assessment of 

the footprint of the cities activities including consumption using the MRIO methodology and the 

EXIOBASE database. This is based on the assumption and definition that the city footprint can be 

calculated from final demand of household consumption and government expenditure (this is 

discussed further below).  

The potential impacts caused by urban sprawl and changes in land use are quantified by modelling a 

continuation of the recent trends. These aim to highlight the potential differences in city 

development between the BAU and PC2050 scenarios. A further socio-economic assessment provides 

an indication of the investment costs and compares this with potential benefits.  

For the Copenhagen and Malmö case studies an additional assessment is made on the recreational 

benefits provided by urban green areas. Due to limitations in data availability and the project scope, 

this was only conducted for these two cities. However, together with the land use assessment it 

provides an indication of the value of green areas in cities.  

These methodologies are described in more detail in the following sections. 

III.I KEY PERFORMANCE INDICATOR ASSESSMENT AND 
QUALITATIVE ANALYSIS 

Lƴ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘ ǘƘŜ th/!/L¢h ǎǳǎǘŀƛƴŀōƛƭƛǘȅ YtLΩǎ ƻŦ th/!/L¢h ŀǊŜ ƳƻŘŜƭƭŜŘ ŀƴŘ ǇǊƻƧŜŎǘŜŘ ŦƻǊ 

both scenarios. This provides a semi-quantitative and qualitative assessment of how each city 

performs under both BAU and PC2050. The semi-quantitative assessment is presented in tablature 

format where each indicator is assessed and scored using both a simple scoring system and colour as 

shown in Table 3.  

The assessment and scoring is based on both the POCACITO modelling and the analysis of current 

trends, and assesses whether by 2050 the indicator progress is likely to be positive or negative and by 

how much. For example, ƎǊŜŜƴ ŀƴŘ άҌҌέ ƛƴŘƛŎŀǘe a very likely positive performance and 

improvement, wƘƛƭǎǘ ǊŜŘ ŀƴŘ ά--ά ƛƴŘƛŎŀǘŜ ŀ ǾŜǊȅ ǇƻƻǊ ƻǊ ƴŜƎŀǘƛǾŜ ǇŜǊŦƻǊƳŀƴŎŜΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ǘŀōƭŜ 

below. The qualitative assessment is an extension and discussion of the analysis contained in the 

table.  

Table 3: Scoring system of scenarios  

Legend Explanation for scenario projection compared to current situation 

++ Likely very positive  

+ Likely positive  

0 Likely neutral or similar to current situation 

- Likely negative 

-- Likely very negative  
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III.II QUANTITATIVE ANALYSIS  

III.II.I ENERGY AND GHG 

The approach to the energy modelling and calculations are described in άQuantification of the Case 

{ǘǳŘȅ /ƛǘƛŜǎέ (Harris et al. 2016). GHG emissions are then calculated using life cycle emission factors2 

to cover the emissions associated with the activities within the city territorial boundaries: transport, 

electricity use and energy use in buildings. GHG emissions from waste, i.e. from landfill and 

wastewater treatment are not included primarily because consistent data was not readily available. 

This is related to the fact that GHG emissions of waste are not typically included in reporting of city 

GHG emissions.  

The data quality and availability on energy and GHG emissions for recent years was available in 

varying degrees from good (comprehensive and for several years) to poor (only available for one year 

or only available at the national level). Further details on the data quality are available in the results 

section. This means that the detail and robustness of the modelling varied across the cities, and in 

general each city required a slightly different methodology in order to model the scenarios.  

III.II.II ENVIRONMENTAL FOOTPRINT IMPACTS (MRIO) 

INTRODUCTION 

Sustainability impacts of a city are traditionally assessed and reported by examining impacts within 

the cityΩǎ territorial boundaries thereby neglecting upstream effects of consumption. This is to 

primarily focus on activities that cities have operational control over. One exception is the calculation 

of GHG emissions caused by energy use which typically includes the life cycle emissions such as the 

upstream effects of electricity production.  Nonetheless there is a growing body of research that 

examines the footprint impacts such as GHG footprint, water footprint and ecological footprint. In 

addition, British Standards have developed PAS 2070 that provides a specification for assessing direct 

plus supply chain and consumption based GHG emissions (BSI, 2013).  

However, to date, cities that are developing low carbon or carbon neutral strategies do not include 

upstream emissions caused by the consumption of materials, products and services by the city. The 

focus is typically limited to energy production and its use. However, there is a growing awareness that 

the upstream impacts caused by consumption are significant and can represent over 50% of the total 

footprint emissions of the city (Hillman and Ramaswami, 2010; Harris et al. 2016). The calculation of 

this environmental footprint is still in its infancy and is generally divided into methods based on 

physical quantities such as urban metabolism and economic based methods such as environmentally 

extended multi-regional input output analysis (EE-awLhΤ ǎŜŜ άQuanǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ /ŀǎŜ {ǘǳŘȅ /ƛǘƛŜǎέΣ 

Harris et al. 2016). 

In the POCACITO project it was therefore decided to include both calculation of the traditional 

territorial GHG emissions and the wider environmental footprint. The aim is to further inform the 

                                                           
2
 We utilised the life cycle emission factors of the Covenant of Mayors (2014) as opposed to the standard 

emission factors to cover the full life cycle impacts of the energy use.  
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POCACITO 2050 Roadmap and development of appropriate strategies to reduce future emissions. This 

inclusion is critical because indications from recent research (Chen et al. 2016) suggest that whilst 

cities are reducing the environmental impact caused by direct city activities, the effects of 

consumption are potentially increasing and becoming the dominant impact. In addition, the goal of 

POCACITO is to foster future near zero cities and therefore if this is achieved within the city 

boundaries then the footprint/consumption is likely to represent the bulk of carbon emissions for the 

city. Hence, consumption could become one of the key issues and challenges for future cities.   

At the national level, footprints have been established and calculated for several environmental 

problems, such as climate change, land use, water use etc. The national environmental footprint has 

been defined as a footprint of its all citizens (Hertwich et al. 2009) but the environmental footprint of 

a city has thus far not been well defined or accepted. Therefore, for the POCACITO methodology we 

similarly define the environmental footprint of a city as the environmental footprint of its all citizens.  

As mentioned above, there are two main methods applied on the national level to calculate the 

national environmental footprint: (a) environmentally extended multi-regional input-output analysis, 

and (b) physical/material/process analysis. Whilst process analysis calculates the national footprint as 

a result of domestic impact and net impacts of international trade, EE-MRIO connects consumers with 

producers using the Leontief inverse matrix accounting for the full supply chains of consumed 

products. The advantage of process analysis is the possibility to work with very specific physical (e.g. 

mass) data, but at the same time, the number of assessed products and production steps has to be 

limited to a manageable number. The advantage of EE-MRIO is the completeness, but at the cost of 

losing sectoral resolution, because products are aggregated into broad product groups which are 

treated as homogenous. Due to data availability and completeness we apply EE-MRIO method to 

estimate the environmental footprint of cities.  

DEFINITION OF THE ENVIRONMENTAL FOOTPRINT OF CITIES 

We define the environmental footprint of a city as the footprint of all citizens and from governmental 

expenditures. Therefore, due to data limitations at the city level, in contrast to the national 

environmental footprint approach calculated using EE-MRIO we leave out expenditures of non-profit 

organizations serving households, changes in inventories and valuables and capital formation.  

ENVIRONMENTALLY EXTENDED MULTI-REGIONAL INPUT-OUTPUT ANALYSIS 

Environmentally extended multi-regional input-output model consists of three blocks: 

a) Intermediate consumption (production recipes), represented in the form of input coefficients 

per monetary unit of output, i.e. how much of all products are directly needed to produce 

one unit of a product (a form of a matrix, each column is a recipe for one product) 

b) Environmental extension (emission intensities) ς emissions and other environmental 

interventions per unit of output of each sector, e.g. how much CO2 is emitted per unit of 

electricity generated 

c) Final demand ς final consumption of products by households, government and other final 

demand categories. 
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THE BASE YEAR CALCULATION ς ENVIRONMENTAL FOOTPRINT OF A CITY 

Due to data availability, we consider only consumption of households and government in the 

calculation of the environmental footprint of a city. We utilize the Exiobase MRIO dataset due to the 

high number of environmental extensions, high product resolution and focus on the European Union. 

The choice of this dataset determines the reference year 2007. This dataset is focused on national 

level and contains household and governmental consumption. It was decided to utilise household 

consumption on a city level from additional sources. For three cities, namely Copenhagen, Milan and 

Turin city level consumer expenditure surveys were available. For the rest of cities we used data 

provided by Oxford Economics, which contains projections of the main variables up to 2030 (see ά  
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Annex III: Oxford Economics background projectionsέ for information on projection methodology). 

The governmental consumption was scaled from the national level based on population due to a 

number of services provided to households from the national level of government and data 

availability on a city level.   

The household expenditures were adjusted for different pricing, i.e. conversion from purchaser prices 

into basic prices and from 2010 (reference year for prices of Oxford Economics data) to prices of 2007 

(reference year of Exiobase).  

The environmental footprint of a city (FP) was calculated using the Leontief approach: 

FP = F . L . y 

Where F is the environmental extension matrix, L is the Leontief inverse matrix3 and y is a vector of 

final demand (household and governmental expenditures). We calculated the footprints on per capita 

basis in order to compare cities of different sizes because we consider the function of a city to provide 

a home for citizens and therefore one person can be assumed as a functional unit (in the language of 

life cycle assessment).  

BAU MODELLING ς THE POTENTIAL FUTURE IN 2050 

For the BAU modelling the Exiobase regions were aggregated into broader groups, as the future 

international trade and the production technology in individual countries are unpredictable. We 

assume the country specific technologies will converge to be more similar with increasing level of 

globalization.  A similar approach was applied by Hertwich et al. (2015). 

The BAU modelling was restricted to aggregated input coefficients, environmental extensions and 

final demand. Whilst all those elements are interlinked, for this simplified modelling approach it is 

necessary to manually adjust all of them independently. For example, if coal consumption is reduced 

in intermediate consumption, it implies lower CO2 (and other) emissions from coal combustion. Those 

emissions, however, must be changed manually in the environmental extension matrix as a separate 

step.  

The basic concept of BAU modelling is to modify those three blocks according to external 

data/expectations about the future development. It is suggested to modify the technical coefficients 

of the aggregated system, without changing the origin of the products. For example, if the current 

structure of the Exiobase database has 20% of plastics in use in Country A as being produced in 

Country B, this was not changed. However, the plastic production technology in Country B was 

modified as was the total amount of plastics used in production in  

Country A based on our assumptions for 2050 of advances and changes in material use and 

technology. These assumptions are presented in Annex IV. 

Final demand consumption of households is adjusted based on the projections provided by Oxford 

Economics up to 2030 and extrapolated. Equivalent adjustments were applied to governmental 

expenditures. Further adjustments were made to the energy profile of the cities so that they were in 

line with those modelled in άQǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ /ŀǎŜ {ǘǳŘȅ /ƛǘƛŜǎέ (Harris et al. 2016) for energy 

use. This was challenging as the energy profile for a city in total is not the same as the structure for 

                                                           
3
 The Leontief inverse matrix (I ς A)

-1
 gives the output rise for each sector due to a unit increase in final demand. 

A is the input-coefficient matrix from the total input-output table. 
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final demand of energy. Therefore the total energy spending was first calculated by extending the 

projections obtained from Oxford Economics. The spending for each energy category (e.g. electricity 

from solar, petrol and diesel) was then balanced to provide a compromise between the energy 

spending for the base year and the energy profile of the city in 2007 and 2050.  

The volume of consumption respects future expectations of economic growth: the structure respects 

different needs induced by investment and technological development. E.g. it is expected that houses 

will need much less energy for heating due to better insulation systems. Therefore, energy use will be 

reduced.  

PC2050 SCENARIO MODELLING 

The post-carbon scenario is only modelled at the level of final consumption (i.e. for household 

consumption and government expenditure), as it is relevant mainly at the city level and it is assumed 

that the background system remains the same as in BAU. Hence a potential limitation of this research 

is that the environmental extension and intermediate consumption was not separately modelled for 

the PC2050 modelling.  

This was however not considered a weakness but more in line with the likely potential future 

situation. This is because the background production recipes and emissions intensities of production 

would not depend on actions of the city and are more likely to remain as in BAU (and hence the post 

carbon strategy). One exception could be a city that represent a significant percentage of national 

production. The only city within the study for which this might be relevant is Istanbul.  

The modelling of final consumption is based on adjusting the BAU to reflect differences between BAU 

and PC2050. Total final demand is first adjusted based on the difference in the ratio of GDP for BAU 

and PC2050. We therefore essentially assume that the KAYA identify (Total emissions = population × 

(GDP/population) × (energy/GDP) × (emissions/energy)) holds true in our scenarios. In other words 

we assume that an increase in GDP results in an increase in final demand. This is perhaps a 

contentious assumption because it assumes that the elasticity of such an increase is one. In addition, 

one would hope that by 2050 an increase in GDP would not necessarily lead to a proportional 

increase in consumption in a post carbon situation.   

The energy profile for PC2050 was then adjusted using the same methodology as in BAU. As a basis 

for modelling the other (non-energy) product groups the analysis of άQuantification of the Case Study 

/ƛǘƛŜǎέ (Harris et al. 2016), its assumptions, and modelling are utilised, in addition to the KPI analysis. 

From the interpretation of the differences between BAU and PC2050 the final demand is adjusted by 

assuming that a moderate change from BAU to PC2050 results in a 25% variation and a substantial 

change means 50% variation. 

ENVIRONMENTAL FOOTPRINT RESULTS 

For the presentation of results the product groups of final demand were divided into six main groups 

reflecting the importance of the environmental footprints and the purpose of consumption. These 

broad product groups comprise of: 

¶ Food - all food purchased, including from restaurants, and related waste treatment services. 

¶ Housing - all materials and products related to construction, construction products and 

services and real estate services. 
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¶ Electricity and heat fuels - all energy products used within homes (excluding transports fuels). 

¶ Transport fuel, equipment and services - all products related to transport, incl. e.g. personal 

and public transport and services of travel agencies. 

¶ Other goods and materials - all goods not included above, in order to distinguish other goods 

and services. 

¶ Other services - all services not included above. 

It should be noted that the direct emissions calculated with the MRIO method are not the same as 

those calculated by the traditional territorial method, or in typical emission profiles reported by cities. 

This is because factors such as electricity are considered under indirect emissions. This stems from the 

underlying Exiobase model where direct impacts relate only to the direct emissions of the household 

or government (e.g. from burning gas). 

III.III  ECO-SYSTEM SERVICES  

SPATIAL MODELLING OF CITY DEVELOPMENT FOR 2050 

The aim of this analysis is to show possible future trends in development of European cities in terms 

of urban spread and in terms of population changes within the city boundaries. In addition, the 

analysis aims to highlight the potential differences in city development between the BAU and PC2050 

scenarios. The modelling results are presented as tables and maps showing land use and population 

changes. Since this analysis is based on specific assumptions and a variety of information sources, it 

must be stressed that results do not attempt to provide a precise projection of the future, but should 

rather be interpreted and used as extreme scenarios for future changes. 

METHODOLOGY 

Demarcation of city boundaries 

The model was applied for the 10 case study cities: Copenhagen, Malmö, Rostock, [ƛǘƻƳŠǌƛŎŜ, Zagreb, 

Milan, Turin, Barcelona, Lisbon and Istanbul. Boundaries of the case study cities were set to reflect 

the metropolitan area, including surrounding suburbs. For most cities, regions at NUTS III4 level were 

applied to set city boundaries, except for [ƛǘƻƳŠǌƛŎŜ and Malmö, where municipal boundaries where 

applied.  

Assessment of historical changes 

In order to model the BAU scenario, information on the historical development of the cities was 

needed. We applied land use and population data for the years 2000 and 2012 to assess urban spread 

and changes in population numbers. Information on land use was derived from άCorine Land Coverέ 

(EEA 2000, EEA 2012), which is a full registration of land use for all EU countries and Turkey. For this 

analysis we applied the gridded version with a cell size of 100x100 meters. Population data was 

                                                           
4
 The NUTS classification (Nomenclature of territorial units for statistics) is the standard EU hierarchical system 

for territorial regions consisting of three different levels of definition. 



 

24  ω  SUSTAINABILITY IMPACTS OF POST CARBON CITIES 

derived from άLandscan population dataέ (U.S. Department of Energy), which are gridded data on 

population numbers produced by the Oak Ridge National Laboratory in the US. Landscan population 

data are based on a combination of remotely sensed information and census data and are provided in 

a resolution of approx. 1x1 km. Although both Corine Land Cover and Landscan population data are 

subject to inaccuracies, these data represent the most suitable data and consistent data sources for 

this study. Applying these data also ensures replicability to other European cities, in the sense that 

data are available EU-wide. Corine Land Cover data for 2000 and 2012 were aggregated into 3 

superficial land use types (Table 4) 

Table 4: Applied land use types 

1. Urban, covering  All built up land and transport infrastructure 

2. Sea Water bodies connected to the open sea 

3. Other land All land which is not urban or sea 

 

Landscan population data were disaggregated into 100x100 meter cells corresponding to the Corine 

Land Cover data. Subsequently the land use and population maps were spatially overlaid and 

population numbers were calculated for cells with urban land. Finally, spatially overlaying the maps 

for 2000 and 2012, cells were assigned to change types summarized in Table 5. 

Table 5: Types of urban change 

Change type Description 

1. Urban spread Change from non-urban in 2000 to urban in 2012 

2. Urban no change Urban in 2000 and 2012 and no change in population* 

3. Population densification Urban in 2000 and 2012 and population increase 

4. Population dis-densification Urban in 2000 and 2012 and population decrease 

5. Non-urban Non-urban in 2000 and 2012 

* A limit of a change of +/-10 persons was assigned to no change in population  

Modelling 2050 scenarios 

In order to compile the BAU and PC scenarios for 2050, population projections were compiled by 

utilising several sources. BAU population is calculated both from an examination of the past trends by 

the POCACITO team, information from the literature and data and projections obtained from Oxford 

Economics. Data was obtained from Oxford Economics on household consumption for the EE-MRIO 

work and included projections on several indicators until 2030. Hence this was used to inform the 

projections (see Appendix 1, Harris et al 2016).  

Since population numbers from Oxford Economics and from Landscan differ due to different data 

sources, we applied the expected percentage increase from 2012 to 2050 from Oxford Economics to 

population numbers from Landscan resulting in an expected population number for 2050 for each city 

for the BAU and the PC scenarios.  

For the BAU scenario, we assumed that urban change from 2012 to 2050 would follow the same 

spatial patterns as the change from 2000 to 2012. This assumption was operationalized as follows. 
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Based on the historical development we assumed, that the proportion of population increase from 

2000 to 2012, which resulted in urban spread would be the same for 2012 to 2050. E.g. from 2000 to 

2012 population in Copenhagen increased by 55,705. In the same period, urban spread comprised 

12.78 km² covering a population increase of 16,029 or 28.78 % of the total population increase. The 

population projection for Copenhagen shows and increase of 324,105 by 2050 for the BAU scenario. 

Consequently, we assume that 28.78 % of this increase or around 92,000 will result in urban spread, 

while the remaining increase will result in a densification. I.e. for Copenhagen, the BAU scenario 

results in an urban spread of 74.36 km². The same method was applied to quantify densification and 

dis-densification. In order to localize these types of urban change, we applied an automated cellular 

model (Fuglsang et al. 2013). Principally, the underlying assumption of this model is that future 

change is most likely to take place at the same locations or proximate to the same locations as 

historically. In practice, for each cell, we calculated the probability of undergoing one of the change 

ǘȅǇŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎŜƭƭΩǎ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ǎŀƳŜ ŎƘŀƴƎŜ ǘȅǇŜ ŦǊƻƳ нллл ǘƻ нлмнΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ 

probability, each cell was assigned a change type, until the expected quantity in terms of km² of this 

change type was reached. In terms of urban spread, the only spatial restriction we used was that 

urbanization would not occur within Natura2000 designated areas or within sea. Other spatial 

restrictions, which of course exist, were not applied, since these would need city specific information 

and hence restrict the replicability of the study. For the PC scenario, the only assumption we applied, 

was that population increase would not result in urban spread, but only lead to densification and that 

no dis-densification would occur. 

For both the BAU and the PC scenario, population changes within the different types of urban change 

were calculated by multiplying cells population number in 2012 with the expected percentage 

increase for the change type from 2012 to 2050 and adding it to the 2012 population. 

 

III.III.I RECREATIONAL BENEFITS FROM URBAN GREEN AREAS 

The recreational use of forests and urban green parks is an important non-market ecosystem service. 

Their economic valuation can play an important role in understanding their value and for planning the 

conservation of these important ecosystems. Changes in the recreational services have been assessed 

based on both supply and demand factors, which include site attributes, geographical location, 

socioeconomic characteristics and heterogeneity in the site selection.  

The study focuses on modelling the impact of the PC2050 scenarios on the recreational service 

provided by urban green areas in the case study cities of Copenhagen and Malmö. The aim is to 

undertake a value function transfer of the preferences and demand for recreation from Copenhagen 

to the Malmö region under current conditions (baseline) and to adjust these based on scenarios of 

the number of people and where they may live in the twin city-region under BAU and PC2050 in 2050. 

The results indicate how changes in future urban planning may influence values of the sites in each 

municipality of the twin case study areas.  

METHODOLOGY 

For the twin case study cities of Copenhagen and Malmö, a monetary valuation study is conducted on 

Copenhagen and a benefit transfer made to Malmö. The monetary valuation approach is a spatially 
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explicit Random Utility Model (RUM), which is based on travel cost methodology. A travel cost 

approach values the access to a site based on observed trade-offs between visit frequencies and 

travel distance and the estimation of a demand function for accessing a given site. The RUM adds to 

the travel cost framework by modelling multi-sites in a spatially explicit manner and can be used for 

studying how the probability of choosing a site is dependent upon site characteristics as well as the 

costs of accessing the site. In the RUM framework, an individual makes his/her choice between the 

sites on a single choice occasion, where the individual compares the characteristics of alternative 

sites, including the travel costs of going there, and then choosing the site that maximises utility. RUM 

is useful when a large number of choices are available and the site substitution is important.  

The benefit transfer approach is based on a completed national RUM analysis of urban and rural 

nature recreation sites in Denmark, where the value of access to individual sites have been assessed 

in terms of value per hectare of sites within municipalities in Denmark. The transfer of value per 

hectare was adjusted to the Malmö case based on population density only and scenarios of 

population density under a BAU and a post carbon future. Simple linear regression was applied to the 

values per hectare per municipality and the population density of Denmark. This relationship was 

then used to predict the recreational values based on the different scenarios of population densities 

of Malmö and Denmark.  

Previous research in Denmark using this method has shown no significant income effect on the 

probability of selecting a site, whereas the distance and number of people are strong predictors for 

site values. 

  

 

DATA 

An existing dataset on recreational values of natural habitats and urban parks in Denmark conducted 

by the Danish Economic Council is used for the study (Bjørner, Jensen, & Termansen, 2014).  This 

national dataset consists of 1911 respondents aged 18 and above. Nature sites larger than 50ha 

outside cities were included as well as large urban parks (>20ha) in the five largest cities in Denmark 

(Copenhagen, Aarhus, Odense, Aalborg and Esbjerg). In total 2399 sites have been identified based on 

BASEMAP (Levin, Rudbeck Jepsen, & Blemmer, 2012) of which 98 were urban parks and 76 coastal 

points. For the capital region in Denmark, a total of 141 sites are included of which 133 are not linked 

to urban areas, 17 are urban and peri-urban sites and 8 are coastal points (beaches). The inclusion of 

the peri-urban sites and sites further away can help to reduce bias in the model.  

The dataset included data on characteristics of the recreation areas, survey data on the choice of the 

latest site of visit and the total number of trips made during the past 12 months and a distance matrix 

of home addresses of the respondents and the sites, unit costs of travel.  

The population data was derived from Landscan data for 2012. Landscan is a global dataset for 

population data at a resolution of 1x1km. The population density was calculated using the total adult 

population and the total area (ha) of each municipality. 
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III.IV    SOCIO ς ECONOMIC ASSESSMENT  

The approach for the socio-economic assessment needed to be simplified due to data limitations and 

because it needed to cover ten case study cities within the scope of the project. Initially it was desired 

to cover energy, buildings and transport in the assessment.  

For transport, we initially investigated assessing the investment costs for public transport but this 

proved difficult for several reasons. Firstly, the scenarios were not detailed enough in terms of 

stipulating what were the actual public transport requirements, and whether trains, buses, trams or 

other were required. In addition, collecting the data and information needed to perform a detailed 

transport study was beyond the scope of the project.  

However, three approaches were investigated to circumvent this. The first focussed on utilising 

previous studies on the requirements and costs. Several studies were identified but they proved to be 

based on very individual circumstances and no robust method to transfer this to the case study cities 

was identified. 

One approach that was therefore investigated was to attempt to standardise the costs based on a 

standard/normalised transport approach. Bus rapid transport (BRT) was chosen as an example and 

the approach was to attempt to cost the BRT system required to provide a certain level of service (e.g. 

buses per capita) or to achieve a % mode of public transport. Again, since cities are so individual there 

was no way to do this without more detailed information on spatial distribution of the population and 

the current public transport network.  

A further approach investigated was to utilise abatement costs from previous similar studies, such as 

the mini-Stern review of Leeds (see Gouldson et al. 2012) from the New Climate Economy research. 

This too was based on local data and national energy prices for the UK and could not be easily utilised 

without building our own abatement costs model, which was beyond the scope of the project.  

Finally, we considered using GAINS, the analytical air pollution and climate modelling tool. This 

however, would only give an indication at a national level, which would be difficult to transfer 

representatively to the local situations of the case study cities.  

Hence it was decided not to pursue the calculation of investment costs (and therefore also the 

benefits) for transport.  

III.IV.I INVESTMENT COSTS 

The methodology for assessing the investment costs for energy and buildings are described in the 

following sections.  

ENERGY 

For energy it was decided to focus on the investment costs required for renewable energy to support 

the requirements of the BAU and PC2050 scenarios. There are four main renewable energy sources 

that were mentioned in the scenarios and considered for this analysis: wind, solar, hydro and 

geothermal. In general we assume an average investment cost of energy to 2050 based on 25% of the 

investment being made in each of the years: 2020, 2030, 2040 and 2049.  
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For wind, costs were derived from the IEA Wind Roadmap (IEA, 2009), and using an average figure to 

2050 of 1400 EUR/kW (which is based on a decreasing cost to 2050). To calculate the amount of wind 

capacity required in MW to produce the annual quantity needed, we used local capacity factors 

derived principally from IEA annual wind reports (www.ieawind.org).  

For solar we used an average solar PV system cost of 581.25 EUR/KWp up until 2050. This was derived 

from using data and deceasing cost projections up until 2050 from Fraunhofer ISE (2015) (and based 

on the steps of 25% investment costs described above). 

The solar capacity required to provide the annual quantity of solar energy per GWh in 2050 was based 

on local conditions and calculated using the JRC ǘƻƻƭ ŀƴŘ ƛƴǘŜǊŀŎǘƛǾŜ ƳŀǇ άtƘƻǘƻǾƻƭǘŀƛŎ DŜƻƎǊŀǇƘƛŎŀƭ 

LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳέ όWw/ нлмсύΦ 

We calculated the capacity required (in MW) for both fixed systems and 2-axis tracking systems and 

took an average between the two values, assuming that approximately 60% would be tracking and 

40% fixed systems.  The 2-axis tracking systems maximise the energy obtainable from the sun by 

optimally adjusting the angle of the solar panel to the sun, as opposed to fixed systems which do not 

move and are therefore less effective. 

Hydro power and geothermal power were not as commonly stipulated and were based on available 

figures (as some projects were already being started under BAU) or using figures from the IEA 

roadmap for geothermal (IEA, 2011a). 

BUILDINGS 

For buildings we focussed on the costs of renovating the existing building stock. For consistency, but 

also due to lack of data and information on the buildings in each of the cities, the cost calculations 

were based on two factors. The first was that different renovations costs were applied to each city 

based on the level of renovation and the resulting improvement in energy efficiency. This was based 

on a study by άBuildings Performance Institute Europeέ (BPIE 2011) who established average 

European costs for different levels on renovation as shown in Table 6. 

 

 

 

Table 6: Renovation types and their average cost estimates 

DESCRIPTION 

(RENOVATION TYPE) 

 FINAL ENERGY SAVING 

(% REDUCTION) 

 INDICATIVE SAVING 

(FOR MODELLING 

PURPOSES) 

 AVERAGE TOTAL 

twhW9/¢ /h{¢ όϵκaн ύ  

Minor  0-30% 15%  60 

Moderate  30-60%  45%  140 

Deep  60-90%  75%  330 

 nZEB* 90% +  95%  580 

(* - Near Zero Emission Building) (source BPIE, 2011) 
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The level of improvement for each case study city was obtained from the assumptions that were used 

in the calculation of the energy use for each of the cities.  This in turn came from an interpretation of 

the PC2050 scenario (and the vision and milestoneǎΣ ǎŜŜ άwŜǇƻǊǘ ƻƴ {ǘŀƪŜƘƻƭŘŜǊ ²ƻǊƪǎƘƻǇǎέΣ .ǊŜƛƭ Ŝǘ 

al. 2015).  

Secondly, the floor area for the residential and service commercial area for each city was calculated 

based on national averages obtained from Entranze (2008). The renovation cost of the cities were 

then calculated by multiplying these two factors together. 

 

III.IV.II  BENEFIT ANALYSIS  

The approach of the benefit analysis is intended to be indicative only and provide a comparison of 

potential cost-benefits of achieving a post-carbon scenario. 

The benefits are divided into those which can be quantified and those which are presented in a 

qualitative way. There are many potential benefits that are reported in the literature that could be 

included, some of which are listed in Table 7. 

However, many of these benefits could not be directly quantified or transferred to the case study 

cities. The methodology therefore will focus on the following aspects:  

1. Health benefits of reduced pollution. 

2. Reduced energy expenditure (qualitative). 

3. Jobs created from renewable energy. 

4. Jobs created through building renovation. 

The approaches to these are discussed below.  

 

 

 

Table 7: Benefits of different aspects of a post-carbon city 

 Costs Benefits 

Energy  ¶ Energy source ς wind, 
solar, geo etc 

¶ Energy efficient 
equipment 

¶ Reduced air pollution 

¶ Potential  of reduced energy costs 

¶ Indirect benefits ς e.g. reduced air pollution 

¶ Jobs ς manufacturing: 7.5 - 69 jobs/MW; and 

operation: O.2 ς 5.5  jobs /MW (IRENA, 2013) 

Transport ¶ Electric car and vehicle 
infrastructure 

¶ Public transport 

¶ Reduced congestion 

¶ Reduced noise 

¶ Health and wellbeing from reduced air 
pollution  

¶ Health and fitness  from cycling or walking ς 
and catching public transport 

¶ $1 billion spending = 36,000 jobs, $3.6 bn of 
output and $1.8 bn of GDP (Rode and Floater, 
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2014; pg 16 secondary reference) 

Buildings ¶ Renovations 

¶ New buildings nZEB, 
ZEB etc 

¶ Reduced energy costs 

¶ Jobsς 17 jobs per million EUR invested (Ürge-
Vorsatz et al. 2010) and 12 -17 jobs (Meijer et 
al 2012) 

¶ Improved indoor air quality ς e.g. through 
mechanical ventilation 

 

 

HEALTH BENEFITS FROM REDUCED AIR POLLUTION  

In our approach we utilise costs of premature deaths from air pollution as calculated in a report by 

WHO Regional Office for Europe, and OECD (2015). They have calculated the economic cost as a 

percentage of GDP, which can be transferred to the case study cities as the 2050 GDP have been 

calculated as part of the quantification.  

We therefore applied these percentages to the cities with the following procedure:  

1. The final % of GDP for premature deaths for the scenarios was calculated based on the degree 

to which BAU or PC2050 reduced the use of fossil fuels compared to the base year.  

2. A linear decline/increase was assumed between the starting percentage and the final 

percentage, and a percentage calculated for each year. 

3. For each year the cost of the scenarios is calculated by multiplying these calculated 

percentage s by the yearly GDP.  

4. A fixed cost, assuming no improvement from 2018, for each year is calculated based on the 

2010 percentage of GDP in the above table.  

5. Discounted benefits are then calculated based on the difference between the figures 

obtained in point 3 from the fixed cost calculated in point 4.  

6. The cumulative costs are then obtained by the sum of 2018 to 2050, from which the 

discounted costs and benefits are calculated.   

Table 8: Economic cost of premature deaths from air pollution (APMP + HAP) as a percentage of 
GDP per country in the WHO European, 2005 and 2010 

 Economic cost of premature deaths 

from APMP + HAP US$ (millions) 

Economic cost of premature deaths 

from APMP + HAPas a % of GDP (at 

PPP) 

 20051 20102 20051 20102 

Croatia 9 844  9 035 14.26 10.8 

Czech Republic  22 834 20 901 10.03 7.4 

Germany  154 382 144 715 5.82 4.5 

Denmark  5 955 6 283 3.22 2.7 

Italy  98 612 97 193 5.73 4.7 

Portugal  7 885 9 205 3.40 3.2 
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Spain  42 124 42 951 3.46 2.8 

Sweden  3 219 3 641 1.04 0.9 

Turkey  50 639 70 386 6.48 6.0 

1. OECD base value of US$ 3 million in 2005, adjusted for differences in per-capita GDP at PPP, with an income elasticity to the power of 

0.8- 

 2. OECD base value of US$ 3 million in 2005, adjusted for differences in per-capita GDP at PPP, with an income elasticity to the power of 

0.8, and adjusted for post-2005 income growth and inflation. 

(Source: WHO Regional Office for Europe, and OECD 2015) 

 

The results are presented for a range of discount rates, using low discount rates (0.8%, 1.0% and 

1.2%). It should be noted that lower discount rates are used for benefits compared to the costs, to 

give reasonable relevance in the perspective of a far-sighted social planner to potential future 

benefits.  

 

REDUCED ENERGY EXPENDITURE (QUALITATIVE) 

The energy use for BAU and PC2050 scenarios was calculated as part of the quantification of the main 

elements of the scenarios that included population, transport modes, and GDP etc. Knowing the 

difference in energy use between the scenarios also gives an indication of the difference in energy 

costs. Calculation of the actual costs of energy and the differences in the scenarios, due to differences 

in energy sources is extremely difficult and would be somewhat contentious. In general, energy prices 

are expected to rise by 2050, particularly fossil fuels and especially petroleum products for transport. 

On the other hand, prices for renewable energy are expected to fall relative to fossil fuels. This 

difference will be magnified if a Europeanςwide price is placed on carbon emissions, which could be a 

reality by 2050. 

Hence it is felt that the best method to assess the differences in energy costs of the scenarios is 

through a qualitative approach. Therefore we suggest a percentage difference in energy costs 

between the scenarios based on energy use and energy sources.  

JOBS CREATED FROM RENEWABLE ENERGY 

There have been several attempts to quantify the number of jobs created through the 

implementation of renewable energy and its use. We use a range of figures calculated by IRENA 

(2013) for a range of technologies and life cycle stages as shown in Table 9.  The analysis is only 

intended to be indicative, based on the most reliable figures available. 

Table 9Υ 9ƳǇƭƻȅƳŜƴǘ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ w9¢Ωǎ ŦƻǊ h9/5 countries  

 

MANUFACTURING, CONSTRUCTION AND 
INSTALLATION 

(PER MW) 

OPERATION AND 
MAINTENANCE 

(PER MW) 
Wind 
onshore 

8.6 0.2 

Wind 
offshore 

18.1 0.2 

Solar 18 0.2 
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MANUFACTURING, CONSTRUCTION AND 
INSTALLATION 

(PER MW) 

OPERATION AND 
MAINTENANCE 

(PER MW) 
Hydro 7.5 0.3 

Geo 10.7 0.4 

(source: IRENA, 2013) 

 

JOBS CREATED THROUGH BUILDING RENOVATION 

Similarly, several pieces of research have attempted to quantify the number of jobs created through 

the renovation of buildings to increase energy efficiency and therefore reduce energy use. As shown 

in Table 7 two sources Ürge-Vorsatz et al. (2010) and Meijer et al. (2012) both agreed on a figure of 

between 12-17 jobs per million EUR invested in building renovation. It was not possible to 

disaggregate this figure into mining, manufacturing of products, design, engineering and onsite 

construction. As Meijer et al. (2012) note there will be an indirect effect on jobs, such as the supply of 

related products for the construction industry. However, there may also be job losses due to the 

reduced energy in sectors that generate and distribute energy to buildings. We therefore take the 

conservative number of 12 jobs per MEUR invested in renovation.  
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IV   INDIVIDUAL CITY RESULTS AND ANALYSIS 

This section presents the results of the quantification of impacts for each of the ten case study cities.  

It consolidates the work of WP5 on modelling the business as usual (BAU) and post carbon (PC 2050) 

scenarios and quantifying the impacts. It should be noted that the BAU scenario is primarily 

developed from a continuation of current trends with consideration of current projects. Whilst 

PC2050 is developed from an interpretation of the vision, action and milestones developed in the 

stakeholder workshops. It is therefore a judgement based on the consistency and robustness of 

supporting actions to the desired post-carbon state, and not a quantification of an idealistic state (for 

further information see Harris et al, 2016). 

For each city the results are divided into the following sections: 

1. Key Performance Indicator assessment and qualitative analysis 

2. Quantitative analysis  

a. Energy and GHG 

b. MRIO ς footprint impacts 

3. Eco-system services  

a. Land use cover changes (eco-system services) 

b. Recreational benefits from urban green areas (assessing eco-system services) 

4. Socio ς economic assessment  

a. Investment costs 

b. Cost-benefit analysis  

5. Gaps and risks 

This follows the structure presented in the methodology section which should be referred to for 

additional information. 
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IV.I BARCELONA 

IV.I.I INTRODUCTION 

In the BAU 2050 scenario the population of Barcelona municipality has risen only slightly to 1.7 

million. Energy use is at a similar level to what it was before the financial crisis. Following a return to 

ƎǊƻǿǘƘ ƛƴ D5t ŀŦǘŜǊ нлмп .ŀǊŎŜƭƻƴŀΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇtion continued to grow again. This growth was 

countered by energy efficiency policies to a certain extent, but a continuing electrification of society 

almost cancelled these out. However, energy production has improved with an increase of renewable 

and local energy sources. The overall efficiency per km of transport has improved due to a shift to 

electric mobility but transport volumes have risen slightly. An early ambition to attain 100% of 

renewable energy was not met with concerted action and there was a tendency to rely on regional 

nuclear energy, which still supplies over 50% of the electricity supply.  

Barcelona in the PC 2050 scenario is a city that has undergone a remarkable transformation with the 

majority of buildings being extremely energy efficient and equipped with solar panels. A focus on 

increasing density and incentives to relocate from the suburbs has increased the population to two 

million inhabitants. Transport energy has declined due to the increased reliance on public transport 

network and on electric/hydrogen only transport. A fossil fuel ban on city transport in 2035 saw a 

shift to predominantly electric mobility.  

The current energy use trends for Barcelona were used with caution because they closely followed a 

potential fallout from the financial crisis. The energy use was actually growing until 2006. After 2008 

the GDP dropped. Within the municipality the energy growth is consistent with the population growth 

from 2001 until 2006. Data from Oxford Economics shows that GDP returns to steady growth in 2014. 

Most of the decline comes in the transport and industry sectors, which is probably due to the financial 

crisis. This is in line with the provincial trend as well suggesting that people travelled less to the city 

from the provinces5.  

The sectoral breakdown of GDP shows that the service industry has grown by almost 10% points, 

whilst industry has declined. This leads us to suggest that with a recovering GDP, energy consumption 

could increase again. The transport share could also recover to the level it had before the financial 

crisis.  

Due to lack of data therefore we assume a BAU 2050 energy consumption similar to 2005 with a 

greater share covered by the service sector. The service sector has continued to grow GDP whilst 

decreasing energy consumption. At the Province level the population does not grow any further 

according to projections from Oxford Economics. According to projections in the EU Energy Trends 

2050 (Capros, 2014) the growth in the final energy demand for Spain is in line with the population 

growth at 14.6% and 14.5% respectively. According to Barcelona Energy and Climate Plan the 

electricity share has increased from 37,2% to 44.3%, and we also expect a continuation of this 

electrification trend.  

Therefore we assume that the:  

                                                           
5
 http://www.diba.cat/documents/471041/24663576/emissions+in+Barcelona_july+14.pdf/34110b21-ca61-

4da6-acc2-d4f83695fc2a 
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- service sector continues to grow to 2050 but improves efficiency - therefore similar energy 

consumption in total  

- industry sector recovers to 2005 levels with slightly increased efficiency 5%.  

- residential sectors increase in electrification cancels out efficiency increases therefore remaining 

fairly similar.  

 

IV.I.II KEY PERFORMANCE INDICATOR ASSESSMENT AND QUALITATIVE 
ANALYSIS 

The KPI assessment for Barcelona is provided in Table 10. It summarises the current trends of the 

YtLΩǎ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀ ǇǊƻƧŜŎǘƛƻƴ ƻŦ ǘƘŜ ƭƛƪŜƭȅ ƻǳǘŎƻƳŜ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ǳƴŘŜǊ ŜŀŎƘ ƻŦ ǘƘŜ ǎŎŜƴŀǊƛƻǎ 

(where possible and applicable). A summary of thŜ YtLΩǎ ŎǳǊǊŜƴǘ ǘǊŜƴŘǎ ŀƴŘ ǘƘŜ ŜȄǇŜŎǘŜŘ ƻǳǘŎƻƳŜǎ 

under the scenarios is given below. 

ENVIRONMENTAL YtLΩ{ 

For biodiversity no trends can be observed due to the lack of data availability. In addition, no 

measures were identified as being planned (i.e. therefore influencing BAU) and no measures were 

suggested in the PC2050 scenario. For energy use and intensity, the current trend is heavily affected 

by the financial crisis and it is therefore hard to draw conclusions. In the PC2050 scenario several 

energy efficiency projects are planned and therefore the energy intensity can be expected to improve. 

The current trend for carbon emissions intensity is decreasing, which is expected to continue in both 

the BAU and PC2050 scenario. These are discussed further in the quantification section. On a sector 

basis there are particularly high decreases in the transport and industry sector for GHG emissions that 

is most likely related to the financial crisis.  

The air quality in Barcelona is undergoing a positive trend with the number of pollution threshold 

exceedance days approaching zero. The development can be expected to continue in both the BAU 

and PC2050 scenario and by 2050 no days of exceedance are expected.  

Current trends show a small increase in the use of public transportation, primarily shifting from car 

use. In the BAU scenario only minor changes are expected. In the PC2050 scenario several measures 

will be taken resulting in a relatively drastic decrease in private car use with increases in public 

transportation and walking/biking.   

The generation of waste has been decreasing in recent years and this can be expected to continue in 

both 2050 scenarios, although there were no measures proposed under PC 2050. However, there is 

an ambitious target of 100% treatment and recycling in PC2050. 

ECONOMIC YtLΩ{ 

Despite the financial crisis there is a steady increase in the level of wealth with the strength of the 

Barcelona economy continuing. This is expected to continue in both scenarios, but with improved 

performance under PC2050. There is also a low indebtedness level but the data is only available for a 

short period. The research and development intensity is low at 1.19%-1.94% (2008-2010) but again 

the data is only available for a short period.  
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The business survival rate has decreased significantly from 90% to 69% (2008 to 2010) which is of 

concern, but there are not enough data points to indicate a trend or facilitate modelling to 2050. This 

is also exacerbated by the fact that Spain was particularly affected by the financial crisis, which is 

likely not to affect the circumstances by 2050.  

SOCIAL YtLΩ{ 

Unemployment has increased dramatically from 6% in 2002 to 23.7% in 2012 leading to some 

concern, but again it is impossible to project to 2050 from these figures. This is also true for the share 

of population at risk of poverty, which has also increased from 2.4% to 17.7% during 2004 to 2013. 

There is some gender inequality in the tertiary education rates which are greater for males at 37.7% 

than for females at 31.9% in 2013, although both have increased from around 27% in 2003. 
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Table 10: {ŜƳƛ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ th/!/L¢h YtLΩǎ ǳƴŘŜǊ .!¦ ŀƴŘ t/нлрл ŦƻǊ Barcelona 

 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend 
BAU 
2050 

PC 
2050 

E
N

V
IR

O
N

M
E

N
T 

Biodiversity 
Variation rate of ecosystem 

protected areas 
Percentage 28% (2012) No data on trend 

N/a N/a 

Energy 

Energy intensity variation 

rate 

toe/euro 
 

toe 

(2003-2012) 28.47 to 23.83 
 

1.6 Mtoe to 1.4 Mtoe 

- 16.3% 
 
 

+ ++ 

Variation rate of energy 

consumption by sectors 
Percentage From 2003 to 2012 

Residential 2003 ς 2012: - 
2.4% 

Services 2003 ς 2012: + 
1.97% 

Industry 2003 ς 2012: - 
21.25% 

Transports 2003 ς 2012: - 
18.16% 

  

Climate and Air 
Quality 

Variation rate of carbon 

emissions intensity 

ton CO2/euro  
 

ton CO2 

(2003-2012) 
84.77 to 60.95 

 
4.72 to 3.69 MT 

Decrease (-28.1%) 
 
- 

+ ++ 

Carbon intensity per person 
ton CO2 eq. / 

capita 
3.06 to 2.27 -25.9% 

+ ++ 

Variation rate of carbon 

emissions by sector 
ton CO2 From 2003 to 2012 

Residential: - 4,85% 
Services: - 1,86% 

Industry: - 16,78% 
Transports: - 18% 

++ ++ 

Exceedance rate of air 

quality limit values 
Nº 19-2 (2003-2012), 5 in 2013 

Annual variations, but still 
decrease  

++ ++ 

Transport and 
mobility 

Variation share of 

sustainable transportation 
Percentage 

From 2004 - 2014 

 

Public: 34.9% to 39.7% 
Private: 33.3% to 26.1% 
Walk and cycle: 31.7% to 

34.1% 
 
 

0 ++ 

Waste Variation rate of urban 
kg/person/day 
2003 to 2014 

1.44-1.26 kg/person and day 
 

1.44-1.26 kg/person and 
day 

++ + 
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 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend 
BAU 
2050 

PC 
2050 

waste generation  

Variation rate of urban 

waste recovery 
Percentage 

Waste to recycling :30.4%-36.11% (2006-2014) 
Organic waste amounts: 86914-122508 tonnes/year 

(2007-2012) 

Waste to recycling :30.4%-
36.11% (2006-2014) 

 

++ ++ 

Water Water losses variation rate m
3
/person/year 

Data only provided in percent for a single year 
(17.9% in 2013) 

Water use reduced 2001 
to 2014 

129.6 to 101.1 L/cap/day 

N/a 
 

N/a 

Buildings and Land 
Use  

Energy-efficient buildings 

variation rate 
Percentage No data - 

N/a ++ 

Urban density variation 

rate 
Nº/km

2
 No data - 

N/a N/a 

E
C

O
N

O
M

Y 

Sustainable 
economic growth  

Level of wealth variation 

rate  
EUR/person 

23,400-28,300 EUR (2001-2011; peak in 2007; 
purchasing power standard indicator) 

Increase, sharp drop 
during crisis 

++ ++ 

Variation rate of GDP by 

sectors 
Percentage Data missing No data 

N/a N/a 

Employment by sectors 

variation rate 
Percentage 

Trend of decline in industry, construction and 
services (2005-2012). Significant drop in primary 
section in 2008 which recovered over 2009-2012. 

 
N/a N/a 

Business survival variation 

rate 
Percentage 90%-69% (2008-2010) 

Limited data points and 
only effects of financial 

crisis 

N/a N/a 

Public Finances 

Budget deficit variation rate 
Percentage of 
ŎƛǘȅΩǎ D5t 

Data missing - 
N/a N/a 

Indebtedness level 

variation rate 
Percentage of 
ŎƛǘȅΩǎ D5t 

1.19%-1.94% (2008-2010) - 
N/a N/a 

Research & 
Innovation dynamics 

R&D intensity variation rate Percentage 1.33%-1.51% (2004-2012) 
Increase, but possibly due 

to drop in GDP 
N/a N/a 

S
O

C
IA

L 

Social Inclusion 

Variation rate of 

unemployment level by 

gender 

Percentage 

Diagram 
 

Men: 6.8%-23.7% (2001-2012) 
Women: 12%-22.5% (2001-2012) 

Large increase in 
unemployment 

-- N/a 

Variation rate of poverty Percentage 
2.4%-17.7% (2004-2013; share of population in 

poverty risk) 
Large increase 

-- N/a 
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 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend 
BAU 
2050 

PC 
2050 

level 

Variation rate of tertiary 

education level by gender 
Percentage 

Male: 27.2%-37.7% (2003-2013) 
Female: 26.8%-31.9% (2003-2013) 

Increase 
+ N/a 

Variation rate of average 

life expectancy 
Average Nº 80.0-82.2 (2003-2012) Increase 

++ ++ 

Public services and 
Infrastructures 

Variation rate of green 

space availability  
Percentage 

65.5%-64.4%% (2003-2010) 
59.8%-62.1% (2011-2013; area changed) 

No significant change? 

+ + 

Governance 
effectiveness 

Existence of monitoring 

system for emissions 

reductions 

Yes/No 
Description 

Yes Yes 

++ ++ 

 

Legend Explanation for scenario projection compared to current situation 

++ Likely very positive  

+ Likely positive 

0 Likely neutral or similar to current situation 

- Likely negative 

-- Likely very negative  
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IV.I.III QUANTITATIVE ANALYSIS  

ENERGY AND GHG 

The energy sources and quantities for the baseline year 2005 and the BAU and PC2050 scenarios are 

shown in Table 11. The PC2050 shows a higher transition to electrification of society with the large 

majority of energy being derived from low carbon sources such as nuclear and renewable energy. All 

transport is electric or low carbon due to a ban on fossil fuelled transport in 2035. Public transport 

increases to 50% of modal balance. This assumes a massive increase in local solar energy as well as an 

equally large expansion of wind and hydro sources.  

 

ENERGY SOURCE 2008 (GWH) BAU (GWH) PC2050 (GWH) 
Nuclear  13791 5516 5516 
Coal 246   
Gas 11759 5109 1102 

LPG 246 246  
Liquid fuels 3786 2272  
Hydro and wind 924 2000 3000 
Solar thermal 31 490 800 
Solar PV 0 100 2623 
Biomass 0 50 1465 
Hydrogen 0  147 
Total  30784 15783 14654 
Per capita (MWh) 19.24 9.28 7.33 

Table 11: Energy production by source for 2008, BAU and PC2050 for Barcelona 

The associated GHG emissions are shown Figure 9 showing that the majority of emissions in 2008 and 

BAU are clearly the result of the use of natural gas in heating and electricity production. In BAU the 

total GHG emissions are reduced by 27% compared to 2008. Emissions from transport are reduced by 

40%. It should be noted that these figures do not include emissions from waste and the quantities 

may be higher in comparison to local estimates due to life cycle assessment emission factors being 

used (which is why emissions from nuclear energy are shown). In the PC2050 scenario total emissions 

are reduced by 84%, but there is still some use of gas which accounts for 70.5% of emissions (even 

though gas use is reduced by almost 91% compared to 2008).   

Figure 10 compares the GHG emissions per capita for 2008 and the BAU and PC2050 scenarios. It 

highlights a considerable drop in per capita emissions in PC2050 to 350kgCO2e compared to over 2.5 

tonnes in 2008. Under BAU emissions also drop to 1.84 tCO2e per capita. 
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Figure 9: GHG emissions associated with energy sources for Barcelona for 2008, BAU and PC2050 

 

Figure 10: GHG emissions per capita for Barcelona Municipality for 2005, BAU and PC2050 

 

MRIO ς FOOTPRINT IMPACTS 

POCACITO also relies upon an economic based multi-regional input-output (MRIO) approach to 

enable the consumption footprint of the cities to also be assessed (supply chain and city). To this end, 

we utilise an existing environmentally extended MRIO database called EXIOBASE or CREAA. (Tukker et 

al. 2013). The most current data available within this database is from 2007, which is therefore used 

as a baseline year. In POCACITO the environmental footprint of a city is defined as the sum of impacts 

associated with both household spending and government expenditure. These two aspects account 

for the majority of environmental impacts caused by final demand within cities. 
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The results of the footprint analysis comparing the base year 2007 with the scenarios are shown 

below. In Figure 11, the direct GHG emissions that occur in the city are compared with the indirect 

emissions.6 It shows that the total GHG footprint increases under both the BAU and PC2050 scenarios. 

This is fundamentally linked to the projected increase in GDP and the resulting increase in 

consumption. Hence despite expected improvements in the efficiency of the underlying production 

systems for the products and services, these are outweighed by increased consumption and overall 

emissions increase. The figure also shows that despite reductions in direct emissions for PC2050 the 

overall GHG emissions still rise considerably under PC2050. 

 

 

Figure 11: Direct and indirect GHG emissions for Barcelona for 2007, BAU and PC2050 

Figure 12 compares the product groups  responsible for GHG emissions , and shows that in both BAU 

and PC2050 ǘƘŜ ǎƘŀǊŜ ƻŦ άother serviceǎέ and άother goods and materialsέ increase considerably. 

9Ƴƛǎǎƛƻƴǎ ŎŀǳǎŜŘ ōȅ ƘƻǳǎƛƴƎ ŀƴŘ ŦƻƻŘ ŀǊŜ ŀƭǎƻ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǳƴŘŜǊ t/нлрлΣ ǿƘƛƭǎǘ άǘǊŀƴǎǇƻǊǘ 

ŦǳŜƭǎΣ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ǎŜǊǾƛŎŜǎέ ŀƴŘ άŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ ƘŜŀǘ ŦǳŜƭǎέ ŘŜŎǊŜŀǎŜΦ ¢Ƙƛǎ highlights that there is a 

reduction in local emissions from transport and electricity, but this is counteracted by increases in 

άother goods and servicesέ due to increases in consumption, linked to a strong growth in GDP. 

The other impacts of photochemical oxidation, acidification and eutrophication show a similar rise as 

shown in Table 12.  

                                                           
6
 The direct emissions are not the same as those calculated in the above section or in typical emission profiles 

reported by cities, because factors such as electricity are included under indirect. This stems from the 
underlying Exiobase model in which direct only accounts for direct emissions of the household or government 
(e.g. from burning gas). 
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Figure 12: The contribution of product groups to the GHG footprint for 2007, BAU and 2050 for 
Barcelona 

Table 12: Environmental impacts for 2007 and the scenarios for Barcelona 

     % INCREASE FROM 2007 
 2007 BAU PC2050  BAU PC2050 

Global warming (kg CO2 eq) 8207.7 10781.1 12683.7  31% 55% 

Photochemical oxidation (kg ethylene eq) 2.3 2.7 3.0  18% 32% 

Acidification (kg SO2 eq) 42.5 43.4 53.7  2% 26% 

Eutrophication (kg PO4--- eq) 17.5 19.9 26.2  14% 50% 

 

Figure 13 further illustrates the other impact categories and the contribution of the product groups 

contribute to the impactsΦ aƻǎǘ ƴƻǘƛŎŜŀōƭŜ ŦǊƻƳ ǘƘƛǎ ƛǎ ǘƘŀǘ άƻǘƘŜǊ ƎƻƻŘǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎέ ƛǎ ŘƻƳƛƴŀnt 

for all scenarios, with over 30% of the impact for photochemical oxidation and acidification. Food 

however is clearly the most significant contributor to the eutrophication impact.  

In summary, the impacts of the scenarios mimic the anticipated rise in GDP and household spending 

expected. Despite improvements in the efficiency of the background production systems of 2050 and 

improvements in the energy efficiency and energy production of the cities energy supply, this is 

outweighed by the expected increase in consumption. 
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Figure 13:  Comparison of other impacts for Barcelona for 2007, BAU and PC2050 

 

IV.I.IV ECO-SYSTEM SERVICES  

LAND USE COVER CHANGES  

Population and land use changes 

Between 2000 and 2012 the population of the Barcelona Province increased by 849,900 inhabitants 
or 19.0 % and urban land increased by 199.9 km² or 32.9 % (Annex II, Table 86). According to the BAU 
scenario, by 2050, population will decrease by 281,700 or 5.3 %. However, the use of land for urban 
development (sprawl) will still increase by 161.0 km² or 19.9 %. According to the PC2050 scenario the 
population will increase by 75,000 inhabitants or 1.4 %. Since the PC2050 scenario assumes that no 
urban spread will take place, no land use changes are projected. 

Urban change 

In Barcelona, between 2000 and 2012, urban spread accounted for 199.9 km² with a population 
increase of 550,845 inhabitants. In the same period, urban areas with no population change 
accounted for 79.5 km². Urban areas with population densification accounted for 338.8 km² and a 
population increase to 1,513,493 dwellers. Meanwhile, urban areas with a decrease in population 
(dis-densification) accounted for 189.3 km² and a population decrease of 1,214,455 inhabitants. In 
summary, the development from 2000 to 2012 was characterized by a significant total population 
increase, a considerable urban spread, and consequently, a  loss of non-urban land, and at the same 
time by densification (population increase) in a considerable part of the city and dis-densification 
(population decrease) in other areas.  
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The BAU scenario results in an urban spread of 161.0 km² with a population increase of 444,721. 
Urban land with no population change accounts for 121.3 km² while urban areas with a population 
increase (densification) account for 451.2 km² and a population increase of 752,169 dwellers. Urban 
areas with a population decrease (dis-densification) account for 235.1 km² and a population decrease 
of 1,475,608. In summary, the BAU scenario indicates, that in spite of a slight population decrease, a 
considerable urban spread as well as densification is will take place, while other areas will be 
characterised by population decreases (dis-densification). Since our assumption for the PC2050 
scenario is that no urban spread will take place, the scenario indicates that the expected population 
increase of 75,000 will result in a population increase (densification) on all urban land with a 
population in 2012. 

Spatial patterns of urban change 

Figure 14 and Figure 15 shows spatial patterns of historic and projected urban change for Barcelona. 
Between 2000 and 2012 the central parts of the city were primarily characterised by a population 
decrease (dis-densification). Densification (population increase) took place in the suburbs, while areas 
with urban spread were located at the fringe of the city. For the BAU scenario, patterns of urban 
development until 2050 largely match the historical changes. The central part of the city is 
characterised by population decreases and the suburbs by densification. Urban spread is taking place 
at the fringe of the city. For the PC scenario, population increase is largest in the central part of the 
city. The entire city is characterised by population densification, except of some airport areas and 
areas with infrastructure, which did not contain any population in 2012. 
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Figure 14: Population and urban change for 2000-2012, and BAU and PC2050 for Barcelona 
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Figure 15: Population and urban change for 2000-нлмнΣ ŀƴŘ .!¦ ŀƴŘ t/нлрл ŦƻǊ .ŀǊŎŜƭƻƴŀ όŎƻƴǘΩŘύ 
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IV.I.V SOCIO ς ECONOMIC ASSESSMENT  

INVESTMENT COSTS 

The investment costs for renewable energy and building renovations, from 2018 to 2050 for each 

scenario are shown in Table 13. The total costs of PC2050 are 3.6 MEUR compared to 1.3 MEUR for 

BAU. However, the table also shows that these costs would represent only 0.31% of cumulative GDP 

(from 2018 to 2050) for the PC2050 scenario.  

Table 13: Investment costs for BAU and PC2050 Scenarios for Barcelona 

Energy 
   

MEUR (2016) 

BAU 
   

851 

PC2050        2 120 

Total costs for fossil free energy     2 599 

Building renovations 
    BAU 
   

3 617 

PC2050 
   

8 441 

Total costs (Energy and buildings) 
    BAU 
   

4 469 

PC2050 
   

10 562 

Costs as % of cumulative GDP  
(2018 to 2050) 

    BAU 
   

0.15% 

PC2050 
   

0.31% 

 

This translates into the following discounted costs as shown in Table 14 at various discounted rates 

from 2018 to 2050.  

Table 14: Net costs for scenarios investments at different discount rates (MEUR) for Barcelona 

DISCOUNT RATE 1% 3% 5% 
BAU costs (NPV7) 3 775 2 792 2 157 

PC2050 Costs (NPV) 8 921 6 597 5 097 

 

BENEFIT ANALYSIS  

REDUCTION IN MORTALITIES DUE TO REDUCED AIR POLLUTION 

The current costs of air pollution in Barcelona are estimated at 1,882 billion MEUR/year based on the 

2010 cost of 2.8% of GDP for Spain provided by WHO (WHO Regional Office for Europe and OECD, 

2015).  

The net of benefits of BAU and PC2050 at different discount rates are shown in Table 15. The table 

shows the benefit of the change in mortality due to the change in air pollution. In addition to BAU and 

                                                           
7
 Net Present Value 
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PC2050, it also compares the benefits that would be obtained if there was a linear progression from 

2018 to no air pollution in 2050. 

Table 15: Cumulative cost savings (2018-2050) due to reduced mortality in the scenarios, and for no 
air pollution by 2050 (EUR millions NPV) for Barcelona 

 DISCOUNT RATE 
  0.8% 1.0% 1.2% 

BAU 20 037 19 178 18 362 
PC2050 37 712 36 063 34 497 
No air pollution 38 533 36 881 35 311 

 

INCREASED EMPLOYMENT 

The potential for increased employment due to the use of renewable energy and building innovation 

is summarised in Table 53. Potential jobs for renewable energy are modest with 310 ongoing jobs 

from operation and maintenance, but contribute to nearly 24,000 from manufacturing through to 

installation. The number of jobs created from the renovation of buildings is significant at 82,002.  

Table 16: Benefits of PC2050 scenario compared to BAU for Barcelona 

Additional PC2050 Jobs  MCI O&M 

Renewable energy 23665 310 

Building renovation 82002 

  

REDUCTION IN ENERGY COSTS 

Due to limitations in data availability and the scope of the project the energy costs of the scenarios 

could not be compared with the current costs. However it is possible to provide a semi-quantitative 

and qualitative indication of the costs.  

PC2050 can be expected to have lower costs than BAU as a result of increased energy efficiency 

meaning that energy consumption is 7.2% lower. Currently (2013) Barcelona has only 3.1% 

renewables in its energy mix and this is expected to increase to 16.7% in BAU and 58.3% in PC2050. 

Hence there is the potential for much greater energy security and lower risks due to the volatility of 

fossil fuel prices.  

In summary, there is potential for 7.2% reduction of costs in PC2050 due to reduced energy 

consumption (in absence of rebound effects) and a further reduction related to the 41.6% additional 

renewable energy (the latter depending on the actual costs of renewable energy).  
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IV.I.VI GAPS AND RISKS 

The most prominent gaps for Barcelona under the current PC2050 scenario are as follows: 

ENERGY AND ENVIRONMENT 

There is an assumed continued reliance on nuclear power to supply the majority of the electricity. 

This is due to challenges of providing enough renewable energy at the city level, but also because 

nuclear is already a low carbon option. However, due to the shortfall in developing significant 

quantities of renewable energy there is a need for a high input of natural gas, which is responsible for 

the majority of GHG emissions. The current trends for self-provision of renewable energy are not 

significant to make a significant impact under BAU.  

The projected per capita GHG emissions for PC2050 are among the lowest of the case study cities at 

only 340 kgCO2e per capita, but with total emissions of almost 700,000 tonnes the city is still far from 

an absolute zero carbon target. This is mainly due to the reliance on gas for some heating and 

electricity generation. There are still major weaknesses in the provision of sufficient quantities of 

renewable energy (due primarily to a lack of consistent and robust actions and milestones from the 

scenario workshops). 

In order to close these gaps there is a need to provide an additional 1102 GWh of energy from 

renewable energy. This is slightly more than the 953 GWh that were supplied in 2008 from renewable 

energy.  

The data availability to assess biodiversity was low but this was not addressed in the PC2050 vision or 

actions and hence should be considered in the strategic paper. Although waste reduction was not 

addressed in the PC2050 vision, there was an ambitious target for waste recovery and recycling. This 

should be further supported in the strategic paper along with actions for the circular economy (see 

below).  

SOCIO-ECONOMIC 

The KPI analysis showed that the business survival rate has decreased significantly from 90% to 69% 

(2008 to 2010) which is of concern, but there are not enough data points to indicate a trend or 

facilitate modelling to 2050. This is also exacerbated by the fact that Spain was particularly affected 

by the financial crisis, which is likely not to affect the circumstances by 2050.  

Unemployment has increased dramatically from 6.8% in 2002 to 23.7% in 2012 leading to some 

concern, but again it is impossible to project to 2050 from these figures. This is also true for the 

poverty level which has also increased from 2.4% to 17.7% during 2004 to 2013. 

There is some inequality in the tertiary education rates which are greater for males at 37.7% than for 

females at 31.9% in 2013. But both have increased from around 27% in 2003.  

The cost benefit analysis showed that the PC2050 scenario would cost 6,597 MEUR compared to 

2,792 MEUR for the BAU scenario (Net Present Value and using a discount rate of 3%). This represents 

only 0.15% of the cumulative GDP (from 2018 to 2050) for BAU and 0.31% for PC2050. Meanwhile the 

cumulative benefits under PC2050 through reduced premature deaths caused by air pollution would 

be a very significant 36,063 MEUR (NPV with discount rate of 1%).  

URBAN SPRAWL  
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Under BAU although the population of Barcelona Province is projected to decrease by 281,700 or 5.3 

%, the use of land for urban development (sprawl) will still increase by 161.0 km² or 19.9 % on the 

account of non-urban land. 

We have assumed within the PC2050 that densification will occur and no urban sprawl will occur. 

However, the BAU scenario highlights the potential for significant urban sprawl that requires 

addressing in low carbon strategy of the city (e.g. also to be laid out in the POCACITO strategic paper). 

Hence the strategy should address two aspects. Firstly, it should address the potential for an increase 

in population under PC2050 within the municipality and plan for densification. However, there is also 

a role for Barcelona Municipality to encourage further movement of the Province population to the 

municipality. This is in order to reduce the risk of further urban sprawl but also to capitalise on the 

additional sustainability benefits of densification such as improved energy efficiency and reduced 

transport infrastructure and public services.   

 

CIRCULAR ECONOMY AND CONSUMPTION 

The potential for improvements in the impact of consumption are currently not well addressed in the 

PC2050 scenario. Options include increasing the facilities for reuse (e.g. through provision of locations 

to leave unwanted good for reuse) and repair (such as repair cafes), but also to support businesses 

and innovation in this area.  

The EE-MRIO footprint analysis suggests that under PC2050 there is a risk that the total GHG 

emissions footprint of the city will increase by 55% to 12.6 tCO2e per capita. This is despite the 

territorial emissions decreasing by 87% to 0.3 tCO2e per capita. This is largely caused by a large 

increase in GDP which will potentially cause increased spending and consumption. This emphasises 

the need for policies to address lifestyles and consumption and promote a more circular economy.  
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IV.II COPENHAGEN 

IV.II.I INTRODUCTION 

Copenhagen is a growing city and well known as a leading sustainable city having been placed highly 

in the Siemens Green City Index for several years and winning the 2014 European Green Capital 

Award. The City of Copenhagen set forth its vision and plans to be CO2 neutral by 2025 in its 

Copenhagen Climate Plan Climate (City of Copenhagen 2009). The majority of the population is less 

than 49 years old. The population has increased by 23 percent within the last twenty years from 

471,300 inhabitants in 1995 to 581,000 in early 2015 (City of Copenhagen, 2015). Copenhagen has an 

extensive district heating system that covers 98% of homes. A major factor in the move to carbon 

neutrality is therefore the switch from fossil fuels to biomass in order to fuel and support the district 

heating network.  

Since the City of Copenhagen did not actively take part in the POCACITO workshop programme the 

BAU and PC2050 scenarios were built up using a combination of local strategy and vision documents, 

the expert knowledge of the case study leaders and supplemented with interviews of local 

stakeholders. In addition, since Copenhagen has in any case already developed a post-carbon vision 

and plan, this forms the basis for the quantification of the scenarios. In BAU we assume that the 2025 

vision has been achieved but that transport is still primarily fossil based. The major difference in 

PC2050 we assume that the transport is no longer fuelled by fossil fuels and is 100% electric, based on 

renewable energy. 

In the Copenhagen BAU scenario the population has continued to increase and the dense city centre 

now has a population of 838,000. The housing and buildings are all heated through district heating 

which is fuelled almost entirely by biomass. The biomass is combusted in combined heat and power 

plants which also supply more than a third of the electricity. The remainder is supplied by wind 

energy, with an excess of electricity being supplied to the grid, whilst some is stored in storage 

facilities for peak loads. Transport is still dominated by private cars although cycling is a close second, 

which are the only major emissions of the city.  

In PC2050 the population is slightly higher at 866,000 which has been addressed through density 

rather than sprawl. The quality of life is central and is promoted by nurturing blue and green spaces, 

low carbon mobility, safe neighbourhoods, sustainable built infrastructure, smart technology and 

novel forms of participation that jointly invite citizens to have active urban lives and shared activities 

in city spaces. Copenhagen is also a regional city, with strong networks to adjacent cities on Zealand 

and in Scania, in particular Malmö. 
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IV.II.II KEY PERFORMANCE INDICATOR ASSESSMENT AND QUALITATIVE 
ANALYSIS 

Table 17 summarises the current trends of the KPI and provides a projection of the likely outcome and 

performance under each of the scenarios όǿƘŜǊŜ ǇƻǎǎƛōƭŜ ŀƴŘ ŀǇǇƭƛŎŀōƭŜύΦ ! ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ YtLΩǎ 

current trends and the expected outcomes under the scenarios is given below. 

 

ENVIRONMENTAL  

Regarding biodiversity, Copenhagen has relatively large areas of protected land at about 20% for the 

city area, however due to low data availability no trends can be observed. For energy intensity the 

trend is positive, showing a decrease during the last ten years. The largest energy consuming sector is 

trade and services followed by private households and public institutions. In both the BAU and PC 

scenario more energy efficient buildings will contribute to reducing energy use, resulting in further 

reductions in energy intensity. 

 

The carbon emission intensity has almost been halved during the last ten years. Several measures 

have been suggested for the future, such as further renewable energy and electrification of the 

transport sector for which the future development most likely will be very positive. A similar 

development can also be seen for the carbon intensity per person; however in this case the reduction 

is slightly smaller, although the suggested measures will probably lead to a positive development in 

both the BAU and the PC scenario. Sector-wise, emission reductions can be noticed for transport, 

while increases can be seen for industry and energy and work machines and tools. The air quality in 

Copenhagen has improved in terms of PM 2.5 while the levels of PM10 and NO2 have been 

increasing. With future electrification of the transport sector the levels can be expected to improve in 

both the BAU and the PC scenario. Due to low data availability no trend can be seen for transport and 

mobility. However, several positive measures are suggested for the future probably resulting in a 

reduced car use.  

Waste generation has been decreasing during recent years, whilst recycling has increased and waste 

incineration reduced. This is considered a positive development and is expected to continue under 

both the BAU and the PC scenario. 

 

ECONOMIC 

The level of wealth is high in Copenhagen and it has been increasing during the last ten years by 28% 

in the municipality and 33% in the capital region. According to the future projection the increase will 

continue, with a slightly higher increase in the PC2050 scenario. Services accounts for almost four 

fifths of the GDP whilst industry accounts for the majority of the remainder. Employment numbers 

are also increasing within the service sector whilst industry-related employment is decreasing. The 

economy of the municipality is strong, with decreases in both the budget deficit and in the 

indebtedness level. The development is expected to continue both in the BAU and the PC scenario, as 

a result of the increasing wealth in the city. 
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SOCIAL 

The variation rate of unemployment level by gender is held fairly constant at approximately 7% 

equally distributed between the two genders. No trend can be seen due to relatively high annual 

variations. The variation rate of poverty level has been decreasing between 2000 and 2010 and the 

improvement is expected to continue in both the BAU and PC scenario. The trend for the level of 

tertiary education in the population was only available for women and shows a positive trend. The 

level for women was already relatively high at 35% in 2006 and increased by 6% to 41% in 2012. 

Finally, the average life expectancy has also increased during the by 1.6 years from 2004 to 2013. 
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Table 17Υ {ŜƳƛ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ th/!/L¢h YtLΩǎ ǳƴŘŜǊ .!¦ ŀƴŘ t/нлрл ŦƻǊ /ƻǇŜƴƘŀƎŜƴ 

 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend BAU 
2050  

PC 
2050 

E
N

V
IR

O
N

M
E

N
T 

Biodiversity 
Variation rate of ecosystem 

protected areas 

Green or blue area 
City 

Wider area 

City: 20% 
Wider area: 36.6% 

No trend available + + 

Energy 

Energy intensity variation rate 
GWh / EURO 

2005-2014 

2005: 0.168 
2014: 0.140 

-17% + + 

Variation rate of energy 

consumption by sectors 

Percentage of 
electricity and 

heating 
2013 

 

Public institutions: 21.1% / 7.9% 

Private households: 28.7% / 

66.8% 

Trade and services: 41.3% / 

21.9% 

Industry: 6.6 / 3.3% 

Building and construction: 2.2% / 

0% 

No trend available   

Climate and Air Quality 

Variation rate of carbon 

emissions intensity 
Ton CO2/ million 
euro 2005-2014 

2005: 58.7 
2014: 35.9 

-39% ++ ++ 

Carbon intensity per person 
Ton CO2 / Capita 

2005-2013 
 

2005: 4.69 
2013: 3.35 

-29% ++ ++ 

Variation rate of carbon 

emissions by sector 

kTon CO2 
2005-2012 

 

Work machines and tools 50.0 ς 

74.0 

Industry and energy 734.0 ς 

1158.4 

Road transport 489.0 ς 348.4 

Transport & other  45.6 ς 25.3 

 

Work machines and tools +48% 

Industry and energy +57.8% 

Road transport -28.8% 

Transport & other  -44.5% 

 

  

Exceedance rate of air quality 

limit values 

Annual mean value 
2009-2012 
˃ƎκƳо 

PM 2.5 18-15 
PM10 30-31 
NO2 50-55 

-17% 
+3.5% 
+10% 

+ + 
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 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend BAU 
2050  

PC 
2050 

Transport and mobility 
Variation share of sustainable 

transportation 
Percentage 

2012 

Cycle 26% 
Bus, train, metro 21% 

Cars 33% 
Walking 20% 

No trend available + + 

Waste 

Variation rate of urban waste 

generation 
Ton per capita/year 

2007 1.77 ton/cap 

2010 1.56 ton/cap 
-0.21 ton/cap + + 

Variation rate of urban waste 

recovery 
Percentage 

Recycling rate 

2006-2012: 55% - 58% 

Incineration rate 

2006-2012: 41% - 37% 

 
Recycling rate +3% 

 
Incineration rate -4% 

+ + 

Water Water losses variation rate m3/person/year N/a N/a N/a N/a 

Buildings and Land Use 

Energy-efficient buildings 

variation rate 
Percentage N/a N/a + + 

Urban density variation rate 

(buildings) 

Nº of buildings/ km2 
2010 

 
313.9 No trend available N/a N/a 

E
C

O
N

O
M

Y 

Sustainable economic 
growth 

Level of wealth variation rate 

EUR/person 

GDP/cap (EUR) 

 

Capital Region 

2003-2013: 42,000 - 56,000 

Municipality 

2003 -2013: 49 000 - 63 000 

Capital Region +33% 

Municipality +28% 
++ ++ 

Variation rate of GDP by 

sectors 
Percentage 

2013 

Agriculture: 1.5% 

Industry: 21.7% 

Services: 76.8% 

No trend available N/a N/a 

Employment by sectors 

variation rate 
Percentage 

2009 to 2013 
N/a 

Hotels and Restaurants +21.9% 
Education +13.5% 

Research & Development +9.3% 
Consultancy +9.2% 

Building and Construction -
14.9% 

Transport -13.1% 
Telecommunications -9.8% 

N/a N/a 
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 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend BAU 
2050  

PC 
2050 

Business survival variation rate Percentage N/a N/a N/a N/a 

Public Finances 

Budget deficit variation rate 
tŜǊŎŜƴǘŀƎŜ ƻŦ ŎƛǘȅΩǎ 

GDP 
2005-2014 

2005: - 0.6% 
2014: -4.5% 

-3.9% + + 

Indebtedness level variation 

rate 

tŜǊŎŜƴǘŀƎŜ ƻŦ ŎƛǘȅΩǎ 
GDP 

2005-2014 

2005: 3.3% 
2014: 0.9% 

-2.4% + + 

Research & Innovation 
dynamics 

R&D intensity variation rate Percentage N/a N/a + + 

S
O

C
IA

L 

Social Inclusion 

Variation rate of 

unemployment level by gender 

Percentage 
2007-2012 

Male / Female 

2007: 6.5 / 7.1 
2012: 7.8 / 7.1 

No trend available due to 
annual variations 

+ + 

Variation rate of poverty level Percentage 
2000: 18.2% 
2010: 14.5% 

-3,7% + + 

Variation rate of tertiary 

education level by gender 
Percentage 
(2006-2012) 

(2006-2012) 
Male: n/a 

Female: 35%-41% 

Female 
+6% 

+ + 

Variation rate of average life 

expectancy 
Average Nº 
2004-2013 

2004: 74.7 
2013: 76.3 

+1,6 years + + 

Public services and 
Infrastructures 

Variation rate of green space 

availability 

Recreational areas as 
percentage of total 

area 
City of Copenhagen 

City:16.5% 
Capital region: 19.1% 

No trend available + + 

Governance 
effectiveness 

Existence of monitoring system 

for emissions reductions 
Yes/No 

Description 
Yes  + + 
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IV.II.III QUANTITATIVE ANALYSIS  

ENERGY AND GHG 

The energy use and GHG emissions of the scenarios are compared with 2013 in Figure 16 and Figure 

17 respectively. They show that the energy use is expected to rise in both BAU and PC2050 primarily 

due to the increasing population and the resulting increased consumption of households. Energy use 

in transport also rises in BAU but is reduced in PC2050 due to an increased move to sustainable 

transport modes and electric vehicles.  

 

 

Figure 16: Energy use by sector for Copenhagen 2013, BAU and PC2050 

Despite the increase in energy use, GHG emissions are reduced by 78.4% and 94.4% for BAU and 

PC2050 respectively, compared to 2010. This is due to a shift to biomass to fuel the district heating 

system (instead of coal and natural gas) and a large increase in wind power from the current 87 MW 

to 450 MW. There is however some small use of natural gas under both scenarios that accounts for 

the majority of the emissions under PC2050. In BAU the majority of GHG emissions come from the 

transport sector where 70% of the fleet is still fuelled by fossil fuels. In PC2050 we assume that fossil 

fuel based transportation has been banned from the city and electric vehicles (based on wind power 

electricity) are prevalent.  

The figures are reported for the base year 2010 instead of 2013 above because detailed data for 

energy sources was only available for 2010. These may also be slightly higher than those reported by 

the City of Copenhagen because full life cycle emission factors are used. In addition, some figures 

reported by Copenhagen contained reductions applied to the emissions due to self-proposed 

renewable energy credits.   
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Figure 17: GHG emissions associated with energy sources for Copenhagen 2010, BAU and PC2050 

Finally, Figure 18 presents a comparison of the per capita GHG emissions. It can be seen that both 

scenarios are close to post-carbon status, and PC2050 does not attain zero emissions due to a small 

use of natural gas in the cities heating, but also due to some life cycle emissions that are present in 

the emission factors. These may actually be slightly less in 2050 than in the current production and so 

actual emissions could be slightly less than is presented here, depending on future production 

techniques and raw materials.  

 

 

Figure 18: GHG emissions per capita for Copenhagen for 2013, BAU and PC2050 
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MRIO ς FOOTPRINT IMPACTS 

The results of the footprint analysis comparing the base year 2007 with the scenarios are shown 

below. In Figure 19, the direct GHG emissions that occur in the city are compared with the indirect 

emissions. It shows that despite direct emissions falling, indirect and overall emissions increase under 

both scenarios. This is related to the projected increase in GDP and the expected associated increases 

in consumption. Hence despite expected improvements in the efficiency of the underlying production 

systems for the products and services, these are outweighed by increased consumption and overall 

emissions increase.  

 

 

Figure 19: Direct and indirect GHG emissions for Copenhagen for 2007, BAU and PC2050  

Figure 20 compares the contribution of the product groups to the GHG emissions for each scenario, 

and shows that in both BAU and PC2050 άother serviceǎέ and άother goods and materialsέ increase 

considerably, whereas electricity and heat fuels decreases especially in PC2050. Transport also 

reduces under both scenarios but more so in PC2050.  
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Figure 20: The contribution of product groups to the GHG footprint for 2007, BAU and 2050 for 
Copenhagen 

The other impacts of photochemical oxidation, acidification and eutrophication show a similar rise as 

shown in Table 18. However, by proportion the rise of photochemical oxidation, 72% and 75% for BAU 

and PC2050 respectively, is somewhat higher than for the other values which typically rise around 

20% (see Table 18). The reason is highlighted in Figure 21, which shows that the contribution of 

άelectricity ŀƴŘ ƘŜŀǘ ŦǳŜƭǎέ to the photochemical oxidation impact greatly increases in both BAU and 

PC2050. This is probably due to the increase in the use of biomass for heating and electricity 

generation. However, due to the structure of the underlying Exiobase database and platform the 

actual increases in photochemical oxidation may be under represented. This is because no product 

group existed to adequately represent the use of biomass in district heating and hence the general 

ǇǊƻŘǳŎǘ ƎǊƻǳǇ άtǊƻŘǳŎǘǎ ƻŦ ŦƻǊŜǎǘǊȅΣ ƭƻƎƎƛƴƎ ŀƴŘ ǊŜƭŀǘŜŘ ǎŜǊǾƛŎŜǎέ ǿŀǎ ǳǎŜŘ. Unfortunately, this does 

not adequately reflect the nature of emissions from the burning of biomass which could be 

considerable depending on the technology utilised in 2050.  

Table 18: Environmental impacts for 2007 and the scenarios for Copenhagen 

     % INCREASE FROM 2007 
 2007 BAU PC2050  BAU PC2050 

Global warming (kg CO2 eq) 15450.5 19655.1 17952.6 

 

127% 116% 

Photochemical oxidation (kg ethylene eq) 4.1 7.0 7.1 

 

172% 175% 

Acidification (kg SO2 eq) 66.3 85.7 85.2 

 

129% 128% 

Eutrophication (kg PO4--- eq) 17.7 22.0 22.5 

 

124% 127% 

 

Figure 21 compares the contribution of the product groups to the other environmental impacts for 

2007 and the scenarios. It shows that the main contributor to eutrophication is food, which is what 

we eȄǇŜŎǘ ŘǳŜ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ŦŜǊǘƛƭƛǎŜǊǎΦ CƻǊ ŀŎƛŘƛŦƛŎŀǘƛƻƴ ǘƘŜ ǎŜŎǘƻǊ άƻǘƘŜǊ ƎƻƻŘǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎέ 

becomes more dominant in both BAU and PC2050 compared to 2007.  
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Figure 21:  Comparison of other impacts for Copenhagen for 2007, BAU and PC2050 

 

IV.II.IV ECO-SYSTEM SERVICES  

LAND USE COVER CHANGES  

Population and land use changes 

.ŜǘǿŜŜƴ нллл ŀƴŘ нлмн /ƻǇŜƴƘŀƎŜƴΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛƴŎǊŜŀǎŜŘ ōȅ ррΣтлл ƻǊ пΦу ҈ ŀƴŘ ǳǊōŀƴ ƭŀƴŘ 
increased by 12.8 km² (see Table 86 of Annex II). According to the BAU scenario, until 2050 population 
will increase by another 324,000 or 26.7 % and urban land will increase by 74.4 km² or 23.6 % on the 
account of non-urban land. According to the PC scenario, population will increase by 374,700 or 30.9 
% by 2050. Since the PC scenario assumes that no urban spread will take place, no land use changes 
are projected. 

Urban change 

In Copenhagen, between 2000 and 2012, urban spread accounted for 12.8 km² with a population 
increase of 16,029. In the same period, urban areas with no population change accounted for 145.0 
km². Urban areas with population densification accounted for 107.5 km² and a population increase of 
241,476. Meanwhile, urban areas with a decrease in population (dis-densification) accounted for 49.6 
km² and a population decrease of -201,800. In summary, the development from 2000 to 2012 was 
characterized by a total population increase, some urban spread, and consequently loss of non-urban 
land and at the same time by densification (population increase) in some urban areas and a dis-
densification (population decrease) in other areas.  
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The BAU scenario results in an urban spread of 74.4 km² with a population increase of 92,963. Urban 
land with no population change accounts for 152.5 km² while urban areas with a population increase 
(densification) account for 112.1 km² and a population increase of 251,769. Urban areas with a 
population decrease (dis-densification) account for 50.3 km² and a population decrease of -20,752. In 
spite of the relatively limited urban spread from 2000 to 2012, the BAU scenario indicates, that the 
expected population increase until 2050 will result in quite a considerable urban spread and thus a 
loss of non-urban land while at the same time large parts of the urban land will be characterized by 
population increase (densification) and a lesser part by population decrease (dis-densification). Since 
our assumption for the PC scenario is that no urban spread will take place, the scenario indicates that 
the expected population increase of 374,700 will result in a population increase (densification) on all 
urban land with a population in 2012. 

Spatial patterns of urban change 

Figure 22 and Figure 23shows spatial patterns of historic and projected urban change for 
Copenhagen. Between 2000 and 2012 population increase was most pronounced in the central part 
of the city. Patterns of urban development are characterised by densification in the city centre and in 
itǎ ǎǳǊǊƻǳƴŘƛƴƎ ŀƴŘ ƛƴ ǎƻƳŜ ǇŀǊǘǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǎǳōǳǊōǎΦ tŀǊǘǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǎǳōurbs were also 
characterised by no change or dis-densification (population decrease) while urban spread was 
primarily taking place in the western outskirts. For the BAU scenario, patterns of urban development 
until 2050 are characterised by large areas of urban spread, primarily in the western outskirts. 
Densification is primarily taking in the city centre and its surroundings, while dis-densification is taking 
place in parts of the suburbs. For the PC scenario, population increase is largest in the central part of 
the city. Almost all of the city is characterised by population densification, except of some harbour 
and airport areas, which did not contain any population in 2012. 
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Figure 22: Population and urban change for 2000-2012, BAU and PC2050 for Copenhagen 
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Figure 23: Population and urban change for 2000-2012, BAU and PC2050 for Copenhagen όŎƻƴǘΩŘύ 
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IV.II.V SOCIO ς ECONOMIC ASSESSMENT  

INVESTMENT COSTS 

The investment costs for renewable energy and building renovations, from 2018 to 2050, for each 

scenario are shown in Table 19. The total costs of PC2050 are 7,039 MEUR compared to 3,667 MEUR 

for BAU. However, the table also shows that these costs would represent only 0.35% of cumulative 

GDP (from 2018 to 2050) for the PC2050 scenario.  

Table 19: Investment costs for BAU and PC2050 Scenarios in Copenhagen 

Energy 
   

MEUR (2016) 

BAU 
   

1 300     

PC2050        1 514  

Building renovations 
    BAU 
   

2 368 

PC2050 
   

5 525  

Total costs (Energy and buildings) 
    BAU 
   

3 668 

PC2050 
   

7 040 

Costs as % of cumulative GDP 
(2018 to 2050) 

    BAU 
   

0.18% 

PC2050 
   

0.35% 

 

This translates into the following discounted costs as shown in Table 20 comparing various discounted 

rates from 2018 to 2050.  

Table 20: Net costs for scenarios investments in Copenhagen at different discount rates (MEUR) 

DISCOUNT RATE 1% 3% 5% 
BAU costs (NPV) 3 098  2 291  1 770  

PC2050 Costs (NPV) 5 946  4 397  3 397 

 

BENEFIT ANALYSIS  

REDUCTION IN MORTALITIES DUE TO REDUCED AIR POLLUTION 

The current costs of air pollution in Copenhagen are estimated at 1,059,797,068 EUR/year based on 

the 2010 cost of 2.7% of GDP for Copenhagen provided by WHO (WHO Regional Office for Europe and 

OECD, 2015). 

The net of benefits of BAU and PC2050 at different discount rates are shown in Table 21. The table 

shows the benefit or cost of the change in mortality due to the change in air pollution. In addition to 

BAU and PC2050, it also compares the benefits that would be obtained if there was a linear 

progression from 2018 to no air pollution in 2050.  
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Table 21: Cumulative cost savings (2018-2050) due to reduced mortality in the Copenhagen 
ǎŎŜƴŀǊƛƻǎΣ ŀƴŘ ŦƻǊ ƴƻ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ōȅ нлрл όϵ Ƴƛƭƭƛƻƴǎ bt±ύ 

 DISCOUNT RATE 
  0.8% 1.0% 1.2% 

BAU -2 299.19 -2 199.36 -2 104.49 

PC 2 613.77 2 499.44 2 390.83 

No air pollution 46 573 45 006 43 509 

 

The modelling of potential air pollution costs included biomass into the calculations as biomass 

energy production facilities can also emit considerable pollution. Both scenarios for Copenhagen 

utilise significant biomass for energy production but the extent of emission controls that will be 

installed in 2050 is not known. Therefore the figures in Table 21 represent a worst case scenario and 

ōŜƴŜŦƛǘǎ ǎƘƻǳƭŘ ƛƴ ŦŀŎǘ ōŜ ƳǳŎƘ ƘƛƎƘŜǊΣ ŀƴŘ ƳƻǊŜ ǘƻǿŀǊŘǎ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ άƴƻ ŀƛǊ ǇƻƭƭǳǘƛƻƴέΦ ¢ƘŜǊŜŦƻǊŜ 

in Table 22 the benefits of the scenarios are calculated assuming that no air pollution occurs as a 

result of biomass combustion.  

Table 22: Cumulative cost savings (2018-2050) due to reduced mortality assuming no air pollution 
ŦǊƻƳ ōƛƻƳŀǎǎ ŎƻƳōǳǎǘƛƻƴ όϵ Ƴƛƭƭƛƻƴǎ bt±ύ 

 DISCOUNT RATE 
  0.8% 1.0% 1.2% 

BAU (biomass excluded) 18 939.46 18 117.09 17 335.67 

PC2050 (biomass excluded) 23 738.85 22 700.44 21 714.01 

 

Therefore it can be seen that the potential net benefits of PC2050 of 22.7 MEUR (using a discount rate 

of 1%) far outweigh the net costs even though only the benefits of reduced air pollution were 

considered.  

INCREASED EMPLOYMENT 

The potential for increased employment due to the use of renewable energy and building innovation 

is summarised in Table 53. Potential jobs for renewable energy are modest with 115 ongoing jobs 

from operation and maintenance, but contribute to nearly 9,600 from manufacturing through to 

installation. The number of jobs created from the renovation of buildings is significant at 53674.  

Table 23: Benefits of PC2050 scenario compared to BAU for Copenhagen 

Additional PC2050 Jobs  MCI O&M 

Renewable energy 
9563 115 

Building renovation 53674  
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REDUCTION IN ENERGY COSTS 

PC2050 can be expected to have lower costs than BAU due to a reduced energy consumption of 11%. 

This is primarily due to transport in PC2050 being fossil fuel free but also increased energy efficiency 

of buildings through deeper renovation. Currently (2010) Copenhagen has 21.1% renewables in its 

energy mix and this is expected to increase to 80.8% in BAU and 95.6% in PC2050. Hence there is the 

potential for much greater energy security and lower risks due to the volatility of fossil fuel prices.  

However, there is a risk both to energy security and cost with the amounts of biomass projected 

under both scenarios representing 61.2% and 67.7% in BAU and PC2050 respectively.  

In summary, there is potential for 11% reduction of costs in PC2050 compared to BAU due to reduced 

energy consumption and a further reduction related to the 15% additional renewable energy.  

 

IV.III  GAPS AND CONCLUSING COMMENTS 

In summary, Copenhagen is likely to remain one of the most sustainable cities in Europe, and indeed 

in the world both through BAU or PC2050. Due to the limited participation of Copenhagen in the 

POCACITO project, the analysis was conducted differently due to the unavailability of an actual 

POCACITO PC2050 scenario, which should be taken into account when reading the discussion below. 

Because Copenhagen already has a 2025 carbon-neutral target (apparently disregarding transport) we 

have utilised this and assumed that the only difference between BAU and PC2050 is that under 

PC2050 transport is predominately electrified and carbon neutral.  

 

ENERGY AND GHG EMISSIONS 

A major facet of Copenhagen is its district heating system which will be fuelled predominately 

through biomass under both BAU and PC2050. However, due to this there is a risk of increased air 

pollution which could be detrimental to local air quality depending on the extent of pollution control 

technology. There is also a strong focus on wind energy leading to the lowest GHG emissions of our 

case study cities of 0.7 tCO2e per capita under BAU and 0.18 tCO2e per capita under PC2050. Hence 

even under PC2050 there are some GHG emissions due to life cycle impacts (i.e. GHG emissions within 

the life cycle of the energy sources) and an assumed small requirement of natural gas needed to 

supplement energy requirements.  

Currently, there is a lack of clarity and information of the approach to transport of the City of 

Copenhagen, which has filtered through into the BAU assumption that some fossil fuel transport will 

remain.  

 

URBAN SPRAWL  

The KPI analysis showed that Copenhagen has a high percentage of protected green areas (about 

20%) although due to data limitations a trend was not discernible.  

¢ƘǊƻǳƎƘ ǘƘŜ ƭŀƴŘ ǳǎŜ ŀƴŀƭȅǎƛǎ ƛǘ ǿŀǎ ǎƘƻǿƴ ǘƘŀǘ ŘǳǊƛƴƎ ǘƘŜ ȅŜŀǊǎ нллл ǘƻ нлмн /ƻǇŜƴƘŀƎŜƴΩǎ ǳǎŜ ƻŦ 

land for urban purposes increased by 12.8 km² driven by a population increase of 55,700. Following 
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this trend, under BAU there is a projected increased of urban land area of 74.4 km² or 23.6 % due to a 

population increase of 324,000. Hence under PC2050, with a potential population increase of 374,700 

there is the risk of significant encroachment of non-developed land unless densification becomes a 

specific part of future policy. 

SOCIO-ECONOMIC 

The KPI analysis showed that the social conditions of Copenhagen, including poverty level, equality, 

life expectancy and education have experienced positive trends in recent years. This is expected to 

continue under both BAU and PC2050.  

The cost benefit analysis showed that the PC2050 scenario would cost 4,397 MEUR (NPV with 

discount rate of 3%) compared to 2,291 MEUR for BAU. This represents only 0.18% of the cumulative 

GDP (from 2018 to 2050) for BAU and 0.35% for PC2050. Meanwhile the cumulative benefits under 

PC2050 through reduced premature deaths caused by air pollution would be 2500 MEUR (NPV with 

discount rate of 1%).  

If air pollution is reduced to zero by 2050 (i.e. through best available pollution control of biomass 

combustion) at a linear rate, the expected net benefits compared to no action are expected to reach 

45,000 MEUR. The implementation of PC2050 could also stimulate significant job growth across the 

supply chain of almost 10,000 jobs due to the renewable energy and 53,600 due to building 

renovations.  

 

CIRCULAR ECONOMY AND CONSUMPTION 

There is currently a limited emphasis within the Copenhagen strategy on consumption and the 

circular economy. Options include increasing the facilities for reuse (e.g. through provision of 

locations to leave unwanted good for reuse) and repair (such as repair cafes), but also to support 

businesses and innovation in this area.  

The EE-MRIO footprint analysis suggests that despite local GHG emissions and impacts decreasing by 

96% under PC2050 to 0.8 tCO2e per capita, there is a risk that the total footprint impacts of the city 

will increase by 16% to 17.9 tCO2e per capita. This is largely caused by the continuing increase in GDP 

which will potentially cause increased spending and consumption. This emphasises the need for 

policies to address lifestyle and consumption and promote a more circular economy.  
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IV.IV   ISTANBUL 

IV.IV.I INTRODUCTION 

This document consolidates the work to date of POCACITO on modelling the business as usual (BAU) 

and post carbon (PC 2050) scenarios for Istanbul and quantifying the impacts. It should be noted that 

the BAU scenario is primarily developed from a continuation of current trends with consideration of 

current projects, whilst PC2050 is developed from an interpretation of the vision, action and 

milestones developed in the stakeholder workshops. It is therefore a judgement based on the 

consistency and robustness of supporting actions to the desired post-carbon state, and a not a 

quantification of an idealistic state (for further information see Harris et al, 2016). 

In the BAU scenario the population of Istanbul continues to grow rapidly reaching 19.8 million (from 

13.9 million in 2012), whilst in PC2050 the population grows more slowly reaching 18.9 million in 

2050. 

Energy use is forecast to grow in both scenarios, both due to the growing population and increasing 

energy use, in particular electricity use (due to increasing income levels).  

However, the assessment, particularly around energy use and GHG emissions was difficult due to 

insufficient data. Although adequate national data was also difficult to identify, it was sufficient to 

form the basis of the approximation for energy use in Istanbul.  

Similarly with Istanbul, the conditions in Turkey are particularly difficult to project due to a lack of 

data but also due to the very dynamic conditions with high growth and changing life styles. 

IV.IV.II KEY PERFORMANCE INDICATOR ASSESSMENT AND QUALITATIVE 
ANALYSIS 

Table 24 summarises the current trends of the KPI and provides a projection of the likely outcome and 

performance under each of the scenarios (where possible and applicable).  

It shows that ecosystem protected areas and green spaces have increased and biodiversity is likely to 

increase under PC2050 due to more green buildings, the integration of built and natural environment, 

and the protection of biologically important areas. Energy intensity has decreased when measured in 

terms of energy per GVA (gross value added) but data limitation prevents discerning a clear trend.  

The general growth in energy use is most likely due to an increase in GVA, and it is difficult to say 

whether the decrease  in energy intensity will continue under either scenario.  

In terms of air quality the current trend in Istanbul is positive regarding NOx but unchanged for 

taмлΩǎΦ Lƴ ǘƘŜ .!¦ ǎŎŜƴŀǊƛƻ ŦǳǊǘƘŜǊ ƛƳǇǊƻǾŜƳŜƴǘǎ ǎŜŜƳ ǳƴƭƛƪŜƭȅΦ Lƴ ǘƘŜ t/ ǎŎŜƴŀǊƛƻ ǘƘŜ ŜȄŎŜŜŘŀƴŎŜ 

of air pollution threshold levels will probably be lower as a result of an increased use of electric and 

hybrid vehicles and use of renewables for transport. 

Due to low data availability no trend can be established for sustainable transport under BAU. 

However since no major measures have been put forward, we assume that the transportation modes 

will probably have similar shares as today, both in the PC and BAU scenario. 

The current trend for waste shows increasing waste generation and is expected to continue in both 

the BAU and PC scenario. However, waste recovery is improving but is still at a low level. The increase 
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will probably continue, especially in the PC scenario, but it will most likely not reach European levels. 

Overall water use and management has greatly improved with high quality sewage treatment and 

recovery of water. 

There was no data available on the status of energy efficient buildings, but few improvements are 

expected under BAU. In the PC scenario increasing use of solar energy and energy efficient buildings 

will have positive impacts. Urban density is discussed in the land use section below.  

There is a high economic growth rate which is expected to continue. The service sector is likely to 

further increase its share on GDP whilst industry is expected to drop under both scenarios. However, 

there appears to be an increasing and highly variable indebtedness level which could be of concern.  

On a positive note, unemployment and the poverty level appear to be decreasing and tertiary 

education increasing. This is expected to continue under both scenarios. However, there is some 

inequality with a higher unemployment rate amongst the female population.  
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Table 24Υ {ŜƳƛ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ th/!/L¢h YtLΩǎ ǳƴŘŜǊ .!¦ ŀƴŘ t/нлрл ŦƻǊ Lǎǘŀƴōǳƭ 

 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend 
BAU 
2050  

PC 
2050 

E
N

V
IR

O
N

M
E

N
T 

Biodiversity 
Variation rate of 

ecosystem protected areas 
Percentage 39 498 ς 52 212 (2004-2014) +32.1% 

+ ++ 

Energy 

Energy intensity variation 

rate 

toe/euro 
 
 

toe 

0.023 ς 0.020 toe/euro GVA (2008-2012) 
 

Not available 

-13% 
 
 

N/A 

- 0 

Variation rate of energy 

consumption by sectors 
Percentage 

Residential & services: +12 points 
Transportation: +4 points 

Industry: -1 points 
Agriculture: +3 points 

Others: -18 points 
(2003-2008) 

Too little data to draw any 
conclusions 

N/A N/A 

Climate and Air 
Quality 

Variation rate of carbon 

emissions intensity 

ton CO2/euro  
 
 

ton CO2 

0.315 ς 0.246 ton CO2 eq. / 1000 dollars 
GVA 

 
No data 

-0.069 
 
 

No data 

0 + 

Carbon intensity per 

person 
ton CO2 eq. 3.25 ς 3.31 (2006-2010) +1.8% 

- + 

Variation rate of carbon 

emissions by sector 
ton CO2   

N/a N/a 

Exceedance rate of air 

quality limit values 
Nº 

SO2: 0 ς 0 (2010-2012) 
NO2: 35 ς 0 (2010-2012) 

PM10: 157 ς 173 (2010-2012) 
PM2.5: 0 ς 0 (2010-2012) 

Improvement in NO2, no 
difference in PM10. 

0 + 

Transport and 
mobility 

Variation share of 

sustainable transportation 
Percentage 

54% (2008) 

 

Pedestrian, cycling, public transit 

No data on trend (incomparable 
data points)  

0 0 

Waste 
Variation rate of urban 

waste generation 
kg/person/year 4.67*10

9
 ς 5.69*10

9 
kg/year (2005-2012) No data per person. 

- - 
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 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend 
BAU 
2050  

PC 
2050 

Variation rate of urban 

waste recovery 
Percentage 0.48% - 2.62% (2006-2011) +2.14 points (2006-2011) 

+ + 

Water Water losses variation rate m
3
/person/year 

2001: 35.3% 
2012: 24.11 

- 
+ + 

Buildings and Land 
Use  

Energy-efficient buildings 

variation rate 
Percentage 

Number of LEED building (2009 ς 2014: 
2 - 40  

 
- 

+ + 

Urban density variation 

rate 
Nº/km

2
 637.93 ς 677.51 (2009-2011) +6.2% 

N/A N/A 

E
C

O
N

O
M

Y 

Sustainable 
economic growth  

Level of wealth variation 

rate  
EUR/person 7 943 ς 13 865 dollars GVA/person +74.6% 

++ ++ 

Variation rate of GDP by 

sectors 
Percentage 

Agriculture/Industry/Services (2007-2011): 
0.2%/27.5%/72.3% - 0.2%/27.4%/72.5% 

No significant changes 

N/A N/A 

Employment by sectors 

variation rate 
Percentage 

Agriculture/industry/services (2004-2009): 
0.8%/42.6%/56.7% - 0.3%/37.9%/61.8% 

Number of people working in 
services increases, working in 

industry decreases 

N/A N/A 

Business survival variation 

rate 
Percentage No data No data 

ND ND 

Public Finances 

Budget deficit variation 

rate 
Percentage of 
ŎƛǘȅΩǎ D5t 

No data No data 

ND ND 

Indebtedness level 

variation rate 
Percentage of 
ŎƛǘȅΩǎ D5t 

7.8% - 9.5% (2006-2012) 
Significant variations (max in 

2010: 31.7%) 

0 0 

Research & 
Innovation 
dynamics 

R&D intensity variation 

rate 
Percentage 0.63% - 0.69% (2010-2011) 

No clear trend but very low rate 
currently 

- - 

S
O

C
IA

L 

Social Inclusion 

Variation rate of 

unemployment level by 

gender 

Percentage 
Male: 11.7% ς 10.1% (2004-2012) 

Female: 14.9% ς 14.4% (2003-2012) 
No trends. Significant variations 

+ + 
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 SUB-DIMENSION INDICATOR UNIT/INFO Quantity Trend 
BAU 
2050  

PC 
2050 

Variation rate of poverty 

level 
Percentage 21% - 17.4% (2006-2012) Significant variations 

+ ++ 

Variation rate of tertiary 

education level by gender 
Percentage 

Male: 3.92% ς 5.71% (2008-2012) 
Female: 3.14%-4.98% (2008-2012) 

Increase 

+ + 

Variation rate of average 

life expectancy 
Average Nº 77.8-77.2 (2012-2013) No trend may be identified 

  

Public services and 
Infrastructures 

Variation rate of green 

space availability  
Percentage 5.65% - 9.09% (2004-2012) +3.44 points 

+ ++ 

Governance 
effectiveness 

Existence of monitoring 

system for emissions 

reductions 

Yes/No 
Description 

Yes, but not CO2 - 

0 0 
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IV.IV.III QUANTITATIVE ANALYSIS  

ENERGY AND GHG 

LǎǘŀƴōǳƭΩǎ ŜƴŜǊƎȅ ǳǎŜ ƛǎ characterised by a high growth rate and a dynamic situation with especially 

high growth in the electricity demand. Since Turkeys energy use is still fairly low on a per capita basis, 

compared to other countries, this is assumed to be due to rising GDP and increasing consumption in 

general. 

The energy use of Turkey also has a high growth rate and high imports of primary energy, with 

domestic production accounting for only 29% of the total primary energy supply in 2010 (Tamzok 

2010). Natural gas accounts for 32% of total primary energy, whilst the largest domestic source is coal 

with 53.9% of domestic production (Tamzok 2010).  

Electricity use in Turkey is reported to have increased by over 78% in a decade to 235,000 GWh of 

electricity in 2013 (Daily News, 2014). Some research estimates that by 2050 the electric energy 

demand for Turkey will be approximately 1,2 million GWH (Yumurtaci and Asmaz, 2004). Despite a 

high potential for renewable sources there is a recent push for nuclear and coal due to the high 

growth in energy demand.  

Due to poor data for Istanbul the energy use and trends were first calculated and adapted from 

national energy data. Some data was available on electricity use in Istanbul with 36,800 GWh of 

electricity being used in 2013 (Daily News, 2014). The national figures shown in Table 25 were used as 

a basis to help understand the trend in energy use in Istanbul. It was assumed that agriculture would 

not be significant within the Istanbul metropolitan area. 

Table 25: Energy use by sector in Turkey 

TURKEY 2003 2008 
Industry 33.0% 32.0% 

Services 
Residential 

24.0% 36.0% 

Transport 16.0% 20.0% 

Agriculture 4.0% 7.0% 

Others 23.0% 5.0% 

(Source: Ministry of Energy and Natural Resources) 

 

The PC2050 scenario was quantified using BAU as a basis and then applying several assumptions 

based on an interpretation of the stakeholder vision workshop and the corresponding actions and 

milestones. These were based on the actions and development foreseen in each of the sectors The 

industrial sector is seen as only improving by 20% its energy efficiency due to weak actions and 

milestones. Meanwhile we assume the following energy efficiency improvements: residential 40% 

due to efficiency and insulation; services 40% due also to efficient appliances and efficient buildings; 

and transport 40% due to a shift to electric vehicles. This translates into a much lower energy use for 

PC2050 of 224,000 GWh.  
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However, a key document subsequently identified was the 2010 GHG Inventory of Istanbul 

Metropolitan Area (GTE Carbon and ERM 2013). In this document the GHG emissions for Istanbul 

were calculated to be 43.83 MTCO2e for the year 2010. However, this included waste emissions and 

industrial process emissions which are not included in the POCACITO analysis. Therefore, subtracting 

these gives the 2010 GHG emissions as 26.87 MTCO2e 

Reverse engineering was used to help calculate the emission factors used in the inventory and the 

energy consumption which was used (as this was not available in the document).  

These figures were then used to calculate new energy consumption figures for the two scenarios, as 

well as GHG emissions. However, because no trend on energy use was available from the GHG 

LƴǾŜƴǘƻǊȅΣ ǘǊŜƴŘ ŎƻŜŦŦƛŎƛŜƴǘǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ŜƴŜǊƎȅ ǘǊŜƴŘǎΣ LǎǘŀƴōǳƭΩǎ 

population and GDP projections. The base trend coefficient was 3.24 (meaning energy use in each 

sector is expected to grow 3.24 times) based on the total growth in GDP. This is then adjusted by 

different factors for each scenario based on the expected efficiency or reductions (see Annex 1 - 

Assumptions for further details).  

 

The comparison of energy consumption for 2010 and the two scenarios is shown in Figure 24. This 

highlights the large growth in energy use, following recent trends, particularly in the residential sector 

and is the result of high population growth and improving GDP per capita.  

 

 

Figure 24: Energy consumption for Istanbul by sector for 2010, BAU and PC2050 

Similarly, Figure 25 highlights a strong growth in GHG emissions for BAU, but also a growth of 52% in 

total emissions under PC2050. However, PC2050 does see a reduction in per capita emissions to 2.96 

TCO2e compared to 3.31 TCO2e in 2010, and 5.01 TCO2e under BAU.  
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Figure 25: GHG emissions for Istanbul for 2010, BAU and PC2050 

MRIO ς FOOTPRINT IMPACTS 

The results of the footprint analysis comparing the base year 2007 with the projected scenarios are 

shown below. In Figure 26 the direct GHG emissions per capita that occur in the city are compared 

with the indirect emissions. It shows that the total GHG footprint increases under both the BAU and 

PC2050 scenarios. This is fundamentally linked to the significant increase in GDP by 2050 and a 

corresponding increase in consumption. Hence despite expected improvements in the efficiency of 

the underlying production systems for the products and services, these are outweighed by increased 

consumption and overall emissions therefore increase. The figure also shows that both direct and 

indirect emissions increase. PC2050 is projected to be higher in emissions than BAU due to a higher 

GDP being achieved. 

 

 

Figure 26: Direct and indirect GHG emissions for Istanbul for 2007, BAU and PC2050 
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Figure 27 compares the contribution of different product groups to the total carbon footprint. It 

shows that ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎŜǎ ŀǊŜ ŦƻǊ άƻǘƘŜǊ ƎƻƻŘǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎέ ŀƴŘ άŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ 

heat ŦǳŜƭǎέΦ ¢Ƙƛǎ supports the notion that the increases are caused by increased affluence leading to 

increases in energy use and spending on goods and materials.   

  

 

Figure 27: The contribution of product groups to the GHG footprint for Istanbul for 2007 and 2050 

The other impacts of photochemical oxidation, acidification and eutrophication show a similar rise as 

shown in Table 26. This is further elaborated in Figure 28 which shows the contribution of the product 

groups. The large increase in eutrophication is associated with food consumption.  

 

Table 26: Environmental impacts for 2007 and the scenarios for Istanbul 

     % INCREASE FROM 2007 
 2007 BAU PC2050  BAU PC2050 

Global warming (kg CO2 eq) 5259 15038 17583 

 

286% 334% 

Photochemical oxidation (kg ethylene eq) 2.0 4.2 4.4 

 

217% 224% 

Acidification (kg SO2 eq) 34.7 78.1 86.2 

 

225% 249% 

Eutrophication (kg PO4--- eq) 6.1 13.7 15.5 

 

225% 255% 

 

The contribution of the product groups to each of the impact categories remains fairly constant from 

2007 to each of the scenarios. The most significant contributor of acidification comes from 

ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ άƻǘƘŜǊ ƎƻƻŘǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎέ.  
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Figure 28: Contribution of the product groups to other impact categories for Istanbul for 2007, BAU 
and PC2050 
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increased by 214.9 km² or 24.3 % (see Annex II, Table 86). According to the BAU scenario, by 2050 the 

population will increase by a further 5,268,300 or 44.3 % and urban land will increase by 331.5 km² or 

30.1 % on the account of non-urban land. According to the PC scenario, population will until 2050 

increase by 4,498,000 or 37.8 %. Since the PC scenario assumes that no urban spread will take place, 

no land use changes are projected. 

Urban change 

In Istanbul, between 2000 and 2012, urban spread accounted for 331.5 km² with a population 

increase of 850,417. In the same period, urban areas with no population change accounted for 133.0 

km². Urban areas with population densification accounted for 592.5 km² and a population increase of 

3,953,475 inhabitants. Meanwhile, urban areas with a decrease in population (dis-densification) 

accounted for 161.7 km² and a population decrease of -1,388,254. In summary, the development 

from 2000 to 2012 was characterized by a significant total population increase, a considerable urban 
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spread, and consequently loss of non-urban land and at the same time by extensive densification 

(population increase) in some urban areas and a less extensive dis-densification (population decrease) 

in other areas.  

The BAU scenario results in an urban spread of 331.5 km² with a population increase of 1,310,424. 

Urban land with not population change account for 171.1 km² while urban areas with a population 

increase (densification) accounts for 743.1 km² and a population increase of 4,958,841. Urban areas 

with a population decrease (dis-densification) account for 187.9 km² and a population decrease of -

1,000,923. The BAU scenario indicates that the expected significant population increase until 2050 

will result in a considerable urban spread and thus a loss of non-urban land while the at the same 

time large parts of the urban land will be characterized by population increase (densification) and a 

lesser part by population decrease (dis-densification). Since our assumption for the PC scenario is that 

no urban spread will take place, the scenario indicates that the expected population increase of 

374,700 will result in a population increase (densification) on all urban land with a population in 2012. 

Spatial patterns of urban change 

Figure 29 and Figure 30 show spatial patterns of historic and projected urban change for Istanbul. 

Between 2000 and 2012 patterns of urban development are characterised by densification in the city 

centre and in its ǎǳǊǊƻǳƴŘƛƴƎ ŀƴŘ ƛƴ ǎƻƳŜ ǇŀǊǘǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǎǳōǳǊōǎΦ ! ŎƻƴǎƛŘŜǊŀōƭŜ ǇŀǊǘ ƻŦ ǘƘŜ ŎƛǘȅΩǎ 

centre at the eastern bank of the Bosporus was characterised by a dis-densification (population 

decrease). Urban spread was primarily taking place in the northern outskirts.  
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Figure 29: Population and urban change for 2000-2012, BAU and PC2050 for Istanbul 

 




































































































































































































































































































































