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|  EXECUTIVE SUMMARY

LG A& ¢6Stf R20dzYSyGSR GKFG GKS 62NX RQa LJ2LJz I
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 te tts80% by 2050 (UN, 2014). Meanwhile

due to the socieeconomic 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 Habita2016).

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 developtstyies for post carbon 2050 scenarios. Tdre case

study citiesare Barcelona, Copenhagen, Istanbililisbon, LitomS iog, Malnd, Milan/Turin, Rostock

and Zagreb.

This document presents the modelling and quantification of the post carbon scerfB@o208) and
compares the modelled outcome with business as ugBa&lU)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 postcarbon future. Fudamentally, the project views the move to post carbon as both an
opportunity, as well as a necessity, to ensure the three pillars of sustainabdignomic,
environmental and sociafjre incorporated into the essence of the city, thereby transitionitigs;ito

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

This documenéxtends and builds on the POCACI@§®arch presented icQuantification of the Case
{ G dzR& (Hakrid &t B122016) that modelled and quantified teeenarios in terms of the main
physicalcomponents 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 areilised. In particular, city scale assessments of the impacts of the
scenarios are supported with a footprint analysis (using environmentally extended-regittnal
input-output analysis) that enabsea comparison of city system level impacts with the tdtatprint
impact occurring through the supply chain on a global level. This is supplemented with a semi
gquantitative analysis of sustainability key performance indicators, an analysis of potential land use
changes (urban sprawl) and a seeimnomic assEsment.

The methodology and approach was presented@azt Y G A FAOF GA2Y 2 FHai&k& /| &S
al. 2016). It is based on first establishing the current trends for the main components based on
historical data. BAU is then projectetbin the current trends, and where appropriate, considers
recentprogress made in relevant ongoing and planned projde@&2050s developed from the vision

2 w SUSTAINABILITY IMPBOPOST CARBON CITIES
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and qualitative scenarios developed in stakeholder worksHap$B5 & Sy 6 SR Ay dawS L2 NI
WONJ K2 LJaé o. NiSisitherefdra baketl dn am intergredation of the visions, actions and
milestones developed in the workshops. This forms the basis for the modelling the impacts of the
cities.

The impacts methodologgonsists of the followinfpur main components:

1. KPI assessment and qualitative analysis
2. Quantitative analysis
a. Energy and GHG
b. Environmental footprint (usingEMRIO)
3. Ecosystem services
a. Spatial modelling of city development for 2050
b. Recreational benefits from urban green areaslydor Copenhagen andalmé, and
presented in the comparative assessment in Chapter 5)
4. Sociog economic assessment
a. Investment costs
b. Costbenefit analysis

The Key Performance IndicatqkP) I 8 8 S4aVYSy G dziAf Aa&SSOHKHISLIBNI / B¢t
Pef 2 NI y OS (SefaRakt @ll-2G19)NE pEovide a serrguantitative/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 teggititorial
boundaries (i.e. from electricity, energy use inlbimgs 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
assumptionand 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 recenttrends. These aim to highlight the potential differences in city
development between the BAU and PC2050 scenarios. A furtherscaimmic assessment provides

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

For theCopenhagen and Malincase studies an additional assessmeasmade on the recreational
benefits provided by urban green areas. Due to limitations in data availability and the project scope,
this was only conducted for tise two cities. However, together ih the land use assessment it
provides an indication of the value of green areas in cities.

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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The KPI modelling and analysis showed thasthtities are perforimg well in most categories for
both scenariosin particular there is good to excellent performance in most of the environmental and
energy related indicators. The exception this is Istanbul, whichdue to alarge increase in
population, affluence, associated energy use, and limited progress in edtewenergy, 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 therelisaa difference

between BAU and PC2050 A G K . ! ! Ay Y2aid OFasSa 2yfeée LINRJARA
suggestghat whilst many cities are heading in a positive directimer BAU progress is likely to be

too slow to achieve excellent results post-carbon status.

Within the PC2050 scenarios there appears to be a gap for most cities with esovitenmental
factors such as waste recovery. This is partly a reflection of the methodology used in the research,
with a limited number of workshops arianited 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
LINEP2SOGSR F2NJ [AG2YSnAOST aAif I yisD haveReithérhéyativer Yy R ¢ ¢
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 betwan rich and poor in many global cities.

Energy use per capita for the ten cities is comparedrigurel. This show that apart from Istanbul

and Lisbonenergy useper capitadeclines in BAUand 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 PC205Blowever, energy use is around 10 M\glr capitdyear for the majority

of cities, with Barcelona being the lowest at 6.8 M\(Wr capitdyear. This suggests that there is
much room for energy efficiency improvements in the majority of cities.

High energy useloes not necessarily translate into high GHG emissions as comparisoRiguitie?2

illustrates. Thehree stand out performersinder PC205@re BarcelonaCopenhaget Yy R [ AG2YSnjA
with 0.35 tCQe per capitdyear, 0.18 tC@e per capitdyear and 0.36 tC@ per capitdyear,
respectively. These cities are also the leading performers under BAU, with Copenhagen the lowest at

0.7 tCQe per capitdyear.
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Figurel: Energy use per capita currently compared to BAU and PC2050

Under PC2050 many cities are around 1 to 2,8J@r capitdyear, with Turin and Istanbubeing the

highest This is primarily due to weak actions and milestangee PC2050 workshops, and also partly

due to por data availability. Istanbulith 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 triasoon a per capita basis under PC2050.
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Figure2: GHG emissions per capita

ECONOMIOUTPUT PER UNIT CHFGGEMISSIONS

Figure3 comparesGHG 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 kgC@e is expected to improve under BAU and vastly improve under3Ca0other words there

is a decoupling of GHG emissions from economic output. This is further illustrefggline4 that by
contrast shows economic output (EURY ggCQe. Again the outstanding performers under PC2050
appear to be Barcelona and Copenhagen with Copenhagen generating 58kdgel@/compared to

9.9 EURKgCQe for the lowest performer, Istanbul. This is slightly more than the 2013 level for Milan
andMalmo.
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Figure3: GHG emissions per EUR (GDP)
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Figure4: The amount of GDP (EUR) created for each kg of GHG emission
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The footprint analysis performed using-HIRIO 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 PC20&d@ Mmost dramatically under PC2050).

In comparisonFigure5 shows that the total GHG emissions per capita increases for eight of the cities
under BAU and PC2050. pis direct emissions falling for the majority of cities under PC2050 the
upstream emissions re#fiing from consumption increasemarkedly for these cities. The only
exceptions are for Milan and Turin which both demonstrate a slight decrease. This ipnoiosbly

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 wasfidiflt to translate the cities energy profile (which
includes all energy use of the city) into related to consumption.
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Figure5: Direct and indirect GHG emissions fall case study citiefor 2007, BAU and PC2050

In Figure6 and Figure7 the increase in GHG emissions with respect to the base year arpaceth

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 PC20%fes from 60% for Rostock and Turin, up to
96% for Copenhagen.

Conversely, irFigure? it can be seen that the total footprint emissions increase for all citjgsmta
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 aidé&w/zero carbon and will merely shift the
emissions abroad unless consumption is specifically addressed. Recent studies such at &hen
(2016) which examined five Australian cities also support the notion that a vast share of footprint
emissions ocur 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 standardeptons on 2050 efficiencies obtained

from reports from international organisations such as the International Energy Agency, World Bank,
EU and UN. The background productions sydieamthe 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.

m PC2050
m BAU

-150% -100% -50% 0% 50% 100%

Figure 6: Percentage change in GHG emissions per capita from 2007 to BAUP&£2050 using
standard territorial calculationmethod
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Figure7: Percentage change in GHG emissions per capita from base year to BAU and PC2050 using
footprint analysis
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The analysis of fal use change showed that all cities would experience various degrees of urban
development and loss of neuwrban land (continued urban sprawl). It should be noted that the
analysis was performed for the wider NUTSadlteas and greater metropolitan areas, encompass

the wide scale impacts of the economic activities of the cities. Most of the cities will experience
densification in some parts, but also disnsification where population declines.

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

the assumption for the PC2050 scenarios was that policies would ensure no net further development
of nonturban land. Therefore densification would be a central policy for PC2050. The result of this is
that the BAU reslts are of most interest as these illustrate the potential impact and encroachment of
future development on notwurban land.Tablel provides a summary of the analgsior the BAU
scenarios. It shows that despite some cities experiencing population decline, all cities will experience
development of currently nomrban area if trends continue. The cities with the highest potential for
further loss of norurban land, raging from 43.7% to 19.9%, are Malmd , Istanbul, Copenhagen and
Barcelona.

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

Kn? change 20122050 BAU = % change 201:2050BAU

Barcelona 161.0 19.9%
Copenhagen 74.4 23.6%
Istanbul 3315 30.1%
Lisbon 64.4 10.6%
[AG2YS 0.1 1.9%
Malmo 374 43.7%
Milan 40.4 5.6%
Rostock 5.7 10.8%
Turin 32.6 7.1%
Zagreb 115 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;be®ly and quality of life.
Secondly, research also shows that sprawling cities requiore infrastructure (and are therefore

' The NUTS classificatioigdmenclature of territorial units for statistiy$s 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 sprawtere generally not well covered in the city visions and actions of
POCAUQOcase study cities.nErefore 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 Malmo
and Copenhagen, whicha@lved the high value and use of green areas.

A summary of the discounted costs and benefits for all cities is showahfe2. It also showshe
percentage ofcumulativeGDP (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
Malmé , the benefitcost ratio is positive for BAU. UndBC2050 the benefitost 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
benefitO2 a4 NI GA2& 200dzNJ F2NJ 6KS OAGASaE 2F %I IANBoOX
The range of costsof 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 simplifiedstdoenefit 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 aiguality and on changes in premature deaths.

Table2: Costs and benefits comparison of the scenarios

PC205( BAU PC205( PC205(
Barcelona 2792 6597  0.15% 0.31% 19178 36 063 6.9 55
Copenhagen 2291 4397 0.18% 0.35% -2 199 2 499 -1.0 0.6
Istanbul 19 644 32814  0.28% 0.45% -438 731 94 711 223 2.9
Lisbon 1064 2873  0.28% 0.69% 1008 7 340 0.9 2.6
[Al2YS 66 132 0.77% 1.53% 294 447 45 3.4
Malmé 830 2230 0.13% 0.35% -154 2258 0.2 1.0
Milan 2903 14299  0.15% 0.73% 29 552 54 193 10.2 3.8
Rostock 528 1085 0.34% 0.63% 808 2179 1.5 2.0
Turin 1768 4869  0.26% 0.68% 8313 13 968 4.7 2.9
Zagreb 1385 3557  0.30% 0.76% 6 363 22 897 4.6 6.4

In summary we list some of the most prominamitical 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 Copenhageis under 1 tonne C¢& per capitdyear with the most extremease
being up to 5 tones C@e per capitdyear for Istanbul The majority of cities are still
in the range of 24 tonnestonne CQe per capitadyear.
2.t230 OFNb2y &idl idza ¢gAfft +fa2 06S YAaaSR dzyRSNJ
and milestones
However, there is goodotential to counter this in the individual city strategy papers.
3. When consumption impacts/footprint analysis of the cities are assessed usiryIREO the
projected impacts are even more pronounced and increase in eight out of ten cases
Thisis primarilylinked 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 raose 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 (buteangt
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 efficiey measures casignificantlyreduce 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 caprted 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 carbonlsii dza I YR | LISNF2N¥I YOS | ONR a
out weight the potential costs in most cases
Despite our analysis being simplified it shows that the beoefit ratio is positive in
nine out of ten cities (although an improved PC2050 strategy forghmining 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 measdrése
corresponding need for lower capacity. Furthermore, the PC2050 measures would
create thousands of jobs related to the energy efficiency and renewable energy
provisions.
Desyite factors such as smart grided transport being omitted from the costhefit
analysisa growing body of researcdupports the notion that benefits firmly
outweigh costs for improved public transpdd.g. Rode and Floater, 2014; Litman,
2015)and smart gridge.g. IEA, 201t The Climate Group, 2008)

7. Effective and ambitus long term strategies for energy efficiency and renewable energy are
required almost immediately

11 «w SUSTAINABILITY IMPAOPOST CARBON CITIES



POCACITO

The task of developing enough renewable resources to supply most cities, particularly
in a time of increasing electrification is enormous and should natrgkerestimated.
However, there is a need for quick implementation of energy efficiemestsuresand
renewable energyechnologiedo maximise benefits, improve health and weé#ing,
and to avoid a potentlly paralysing lock of substandardphysical eéments
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 norurban land being converted to urban land.
9. Social issues are consistently of concern and needradding
This is true not only for BAU but also for PC2050. One of the most imp@®@nY Y2y Yt L Q&
with a poor performance in 2050 is the poverty level and the disparity between rich and poor.
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I INTRODUCTION

The POCACITO project aims to facilitate the transition of European cities towardscanost future

by defining a Roadmap for the transition. Central to thias the development of postarbon
seenarios and strategies for 2050 ften case study cities: Barcelona, Copenhagen, Istarlbabon,

LitomS o, Maln®, Milan/Turin, Rostock arfdZagreb For each of these cities two 2050 scengrins
business as usual (BAU) angost-carbon 2050 (PC 2058¢enariowere developedand modelledn

order to assess and compare potential pathways and outcoestcarbon 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 necesity, to ensure the three pillars of sustainabil{gnvironmental, economic and social)

are incorporated into the essence of the city, thereby transitioning cities, to low carbon, liveable and
egual places where a high quality of life is central.

This doament presents the quantification of the impacts and comparative analysis of these two
possible future scenariodt extends and builds on theOCACIT@resented in Quantification of the

/[ aS { ( ddadris ét 4. 20L& #hat modelled and quantifige scenarios in terms of the main
componentgthat includespopulation, energy use, transport, GDP and employm&he methodology
and approach was presented in D5IRis based on first establishing the current trends for the main
components based on hawical data. BAU is theprojected from the current trends, and where
appropriate, considers progress made in relevant ongoing and planned prdpez®050s developed
from the vision andqualitative scenarios developed istakeholder workshopsa(S S pait vois
{GFr1SK2t RSNJ 2 2N] &K # [s)hérdore. bakBdioh anSnierprietatidn tie misiops)
actions and milestones developed in the workshophis forms the basis for the modelling the
impacts of the cities.

Quantification of the impas 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 0aSS awSLR2 NI 2 ySelatd&eal 20B)NF 20idsied nfodeSand y RA O |
quantify the 2050 scenarios for each case study @ihe Key Performance Indicatarsver the triad

of sustainability indicators: environmental, social and econoifiie seconanethod aims to accoun

for the total impacts of the cityenviraonmental footprint)including the indirect or upstrearimpacts
caused by consumption. In order to do thisiilisesan economic based muhiegional inputoutput
(MRIO) approaclbased on the EXIOBASE datab&sgure8 provides an overview of the approach

and the tasks conducted for theodelling and quantification of impact$he first stage was reported
indQdzt YGAFAOIGAZY 2F #H&B et/al. 206)aqd (fansethe /bdsis Xob theé
guantification of the scenario impacts.

In additionto the MRIO and KPI analydisree other types ofinalysisare conductedin this reportto
modeland assessther impactsof the scenariosThe potential impacts caused by urban spramid
changes in land use are quantifiegg modelling a continuation of the recent trends. These aim to
highlight the potential differences in city development between the BAU and PC2050 sce®Aarios.
further sociceconomic assessment provides an indication of the investment costs and compares this
with potential benefits.

For the Copenhagen arndalmo case studies an additional assessment is made on the recreational
benefits provided by urban green areas. Due tathtions 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.
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Figure8: 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. Enviromental footprint (using MRIO)
3. Ecosystem services
a. Spatial modelling of city development for 2050
4. Socioc economic assessment
a. Investment costs
b. Costbenefit analysis

1.1 OVERVIEW GPUANTIFYING THE IMPA IN THE
POCACITO PROJECT

The objectives athe modellng 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 describd 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 serguantify the inerdependencies. We will select tools and
methods for each case study city based on the causal relations.

3. Model and analyse the environmental and see@nomic effects of the postarbon city
scenarios as compared to BAU scenarios.

4. Interpret the resultsand feed the results of the impact analysis and the conclusions into the
Roadmap process and into the global knowledge sharinige POCACITO project

To achieve these objectivelse main tasksvere:

1. Select the key factors to be modelled for each casdystity¢ by using the Sensitivity Model.
2. Model BAU and PC 2050 and to quantify the physical elements of the scenarios
3. Quantify the environmental impactsthis involves identifying which indicators to focus on in
each case study city and assessing effentscasystem services.
4. Quantify the socieeconomic effects of the scenariqghis includes
0 an assessment of the financial costs of the required investments and the mitigation
Ccosts.
0 Socieeconomic costs and benefits
0 Monetiseexternalities and impactsand effects on ecosystem services
0 Assessaial 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 anduith objectives and the tasks-3 above.Due to project
limitations in dealing with ten case study cities and data limitations two deviances from the above
were necessangxternalities of environmental impactsere not monetisedbutit is thought thatthis

would not provide valuable lessons in additioto 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 dueta limitations.

The next chapter describes the methodology and approach used to understand and quantify the
impacts of the 2050 scenarios. In Chapter 4 thedividual results of the impact quantification
assessmentare presente for each casstudy city. Chapter 5 then compares the results of the cities
individual assessments, discussing the similarities and differences and why these Kinally,.
Chapter 6provides a discussion of the research and presents the key lessortoaddsions.Three
annexes are provided. Annex | lists the assumptions used in the modelling and quantification. Annex I
provides the base results of the land use change analysis, and Annex lll gives an overview of the
methodology used by Oxford Econawiforits forecasting proces®f consumer spending.
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1l METHODOLOGY FOR TPHEANTIFICATION
OF IMPACTS

The base modelling of the BAU and PC2050 scenarios for each case study city was presented in the
Gvdzr yYGATFAOLIGAZ2Y 27F (KBSt al 20865 ThisdelizRable Buik upoStiese o1 I N
information from previous work packagesrformed in POCACIT@Qher 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 elermés were: population, energy, transport, buildings and housing,
GDP/economic development, industry sectors and employment.

The main stages of the modellisgercisefor each city can be summarised as:

1) Currenttrendsc developing and understanding the cuntetrends for a set of primarily
physical indicators. These are derived from the WP3 assessment and othreratitm
sources
2) BAUCc the Business as Usual (BAU) scenaritien projected from the current trends, and
where appropriate it considers progess made in relevant ongoing and planned projects.
3) PC 2050s developed from the qualitative scenarios developethithe POCACITO workshops
(seed WS IZ/NI{ (0 1 SK2f RSNJ 2 2 N]. &ldacatiivalvEstransieBng &nd S G | £ @
expanding the visins, actions and milestones.

Thischapter describes the approach needed for thaantification and comparison of the impacts of
the scenarios for each city. As discussed in the introductiomimpactsmethodology has four main
components each of which @adescibed in the following sections:

1. KPlassessment and qualitative analysis
2. Quantitative analysis
a. Energy and GHG
b. Environmentafootprint (using MRIO)
3. Ecosystem services
a. Spatial modelling of city development for 2050
b. Recreational bnefits from urban green aredenly for Copenhagen aridalmé, and
presented in the comparative assessment in Chapter 5)
4. Socio¢ economic assessment
a. Investment costs
b. Costbenefit analysis

The KPI assessyigl dzi A f A 4Sa (it Bovideha/séemguanttitative¥stote @ssessment 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 aditin, 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 (GH@&nissions that are projected to occur under the scenarios. These are based on
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standard ways of calculating the GHG emissifmg. the GHG ProtocoR014) that result from
activities within the cit@ &rritorial boundaries (i.e. from electricity, energysel 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 ongkengption 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 qudntifiemtlelling a
continuation of the recent trends. These aim to highlight the potential differences in city
development between the BAU and PC2050 scenarios. A furthersocaimmic assessment provides
an indication of the investment costs and compares thith potential benefits.

For the Copenhagen arndalmo 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 forhese 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.

Ly GKA& laasSaavySyd GKS th/!/L¢h &adzaidlAylroAtAde
both scenarios. This provides a sejuiantitative and qualitative assessment of how each city
performs under both BAU and PC203be semiquantitative assessmenis presented in tablature

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

shown inTable3.

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 negabye and

how much. For exampleANBE Sy | YR edd ety likely Rdsitve (performance and
improvement wK A f a G -MBR YIRARDIGS | OSNE LI22NJ 2NJ yS3Irk GAgS
below. The qualitative assessment is an extension and discussion of the analysis contained in the
table.

Table3: Scoring system of scenarios

Legend | Explanation for scenario projection compared to current situat

++ Likely very positive
+ Likely positive
0 Likely neutral or similar to current situation

- Likely negative

-I Likely very negative
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The approach to the energy modelling and calculations are desciibéQuantification of the Case

{ G dzR & (Halvisi 6t &.2816)GHG emissions are then calculated usifegcycleemissionfactors

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 treatmentare not included primarilybecause consisht 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 dataquality and availabilityon energy and GHG emissiofts recent yearswas available in
varying degrees from good (comprehensive and for several years) to poor (only availabie year

or only available athe national level). Further detaon the data qualityare available in the results
section. This measithat 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.

Sustainability impacts of a city are traditionally assessed reportedby examining impacts within

the cityQ derritorial boundaries thereby neglecting upstream effects of consumptibhis is to
primarily focus on activities that cities have operatiooahtrol over.One exception is the calculation

of GHG emissions caused by energy use which typically irsdlugldife cycle emissions such as the
upstream effects of electricity productionNonetheless there is a growing body of research that
examines he 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 (B3I, 2013

However, to date, ities that are developing low carbon or carbon neutral strategies do not include
upstreamemissions caused by the consumption of materials, products and services by theheity.
focus is typically limited to energy production ansluse.However, there is a growing awareness that

the upstream impacts caused by consumptame significant anctan represent over 50% of the total
footprint emissionsof the city Hillman and Ramaswani#p010 Harriset 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 multiregional input output analysiEEa wL h TQuarS § F& OF GA 2y 2F GKS [/ |
Harris et al. 2016)

In the POCACITO project it weeerefore decided toinclude both calculation of the traditional
territorial GHG emissions and the wider environmental footprint. The aim fsirtber inform the

We utilised the life cycle emission factors of the Covenant of Mayors (2014) as opposed to the standard
emission factors to cover the lfdife cycle impacts of the energy use.
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PO@CITO 205R0admap and development of appropriate strategies to reduce future emisgibiss.
inclusion is critical because indications from recent resea@itefet al. 2016 suggest that whilst
cities are reducing the environmental impact caused by tlireity activities, the effects of
consumption are potentially increasing and becoming the domtii@pact. 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 footpriticonsumption 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 seveealironmental
problems, such as climate change, land use, water use etc. The national environmental footprint has
been defined as a footprint of its all citizeft$ertwichet al. 2009 but the environmental footprint of
a city haghus far not been well dined or acceptedTherefore for the POCACITO methodologe
similarlydefine the environmental footprint of a city &se environmental footprint of its all citizens.

As mentioned above,here are two main methods applied on the national level to cateuthe
national environmental footprint: (a) environmentally extended mudtgional inputoutput analysis,

and (b)physical/material/process analysis. Whitsbcess analysis calculatd® national footprint as
aresultof domestic impact and net impacbf international trade, EFIRIO 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 splegsical (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 oMMEHO is the completeness, bat the cost of
losing sectoral resolutionhecauseproducts are aggregatethto broad product groups which are
treated as homogenous. Due to data availability and completeness we apfpREE method to
estimate the environmental footprint of cities.

We define the environmentdbotprint of a city as the footprint of all citizens afrdm governmental
expenditures. Thereforedue to data limitations at the city leve| in contrast to the national
environmental footprint approaclealculatedusingEEMRIO we leave out expenditure$ won-profit
organizations serving househg|dhanges in inventories and valuables and capital formation.

Environmentally extended muitegional inputoutput 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 produetse directly needed to produce
one unit of a product (a form of a matrix, each column is a recipe fopomguct)

b) Environmental extension(emission intensities)¢ emissions and other environmental
interventions per unit of output of each sector, e.g. how much, @Cemitted per unit of
electricity generated

c) Final demand; final consumption of products by heaholds, government and other final
demand categories
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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 resofuiamd 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 consumptibmas decided to utili® household
consumption on a city levétom additional sources. For three cities, namely Copenhagen, Milan and
Turin city level consumer expenditure surgayere available. For the rest of cities we used data
provided by Oxford Economics, which contains projectimfrthe main variables up t8030(seed
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Annex lll:Oxford Economics background projectiohgor information on projection methodology)

The governmental consumption was scalednirthe 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. conversiongfumamaser 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 ﬁmhtiky 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 beeawe consider the function of a city to provide

a home for citizens and thereforene person can be assumed as a functional unit (in the language of
life cycle assessment).

For the BAU modellinthe Exiobaseregionswere aggregatednto broader groups, as the future
international trade and the production technology in individual countriese unpredictable We
assume the country specific technologies will converge to be more similar with increasing level of
globalization. A smilar approachwas applied by Hertwich et aR@15.

The BAU modellingvas restrictedto aggregated input coefficients, environmental extensions and
final demand. Whilstall those elements are interlinked, for this simplified modellippraach it is
necessary to manually adjust all of them independently. For example, if coal consumption is reduced
in intermediate consumption, it implies lower €@nd 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/expectdions about the future development. It is suggested to modify the technical coefficients
of the aggregated system, without changitige origin of the productsFor examplejf the current
structure of the Exiobase database h28% of plastics in us@ Cowtry A as beingproduced in
Country B, this was not changed. However, thlastic production technology i€ountry B was
modified as was Hhe total amount of plastcs used in  production in
Country A based on our assumptions for 2050 of advances and chamgesaterial use and
technology These assumptions are presenteddinnexlIV.

Final demand consumption of households is adjusted based on the projections provided by Oxford
Economics up to 2030 and extrapolated. Equivalent adjustments were applied tongoal
expendituresFurther adjustments were made to the energy profile of the cities so that they were in

line with those modelled ifQdzl Y G A TA OF G A2y 2 F (Harks®t al. 2086r efetfgdzR & / A |
use. This was challenging as the energy lgrdér a city in total is not the same as the structure for

*The Leontief inverse matrixc(IA)'1 gives the output rise foeach sector due ta unit increase in final demand.
A isthe input-coefficient matrix fronthe 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. glectricit
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 grakehstructure 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.

The postcarbon scenario i®nly modelled at the level of final consumptiorii.e. for household
consumption and government expenditurgs it is relevant mainigt the city leveland it is assumed
that the background system remains the same as in.B#edce a potential limitation of this research
is that the environmental extension and intermediate consumption was not separatetielledfor
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 cignd are more likely to remain as in Bud hence the post
carbon strategy) Oneexcepion could bea 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 BAtfect differences between BAU

and PC2050Total final demand is first adjusted based on the difference in the ratio of GDP for BAU
and PC2050. We therefore essentially assume thatdtAYA identifyTotal emissions = population x
(GDP/population) x (energy/GDP) x (emissions/engrgglds true in ar scenarios. In other words

we assume that an increase in GDP results in an increase in final demand. This is perhaps a
contentious assumptiolbecause it assumes that the elasticity of such an increase is one. In addition,
one would hope that by 2050 amdrease in GDP would not necessarily leadatproportional
increase irconsumption in a post carbon situation.

The energy profile for PC2050 was then adjusted using the same methodology as insBAbasis

for modelling the other (norenergy) producgroupsthe analysis ofQuantification of the Case Study

I A H&@sét al. 2016 its assumptions, and modelling are utilisedaddition to the KPI analysis

From the interpretation of the differences between BAU and PC2050 the final demand ieddjys
assuming that a moderate change from BAU to PC2050 results in a 25% variation and a substantial
change means 50% variation.

For the presentation of results the product groups of final demand were divided into sixgmaips
reflecting the importance of the environmental footprints and the purpose of consumption. These
broad product groups comprise of:

1 Food- all food purchased, includirffigom restaurants, and related waste treatment services.
1 Housing all materials ad products related to construction, construction products and
services and real estate services.
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1 Electricity and heat fuelsall energy products used within homes (excluding transports fuels).
1 Transport fuel, equipment and servicesll products relatedo transport, incl. e.g. personal
and public transport and services of travel agencies.
1 Other goods and materialsll goods not included above, in order to distinguish other goods
and services.
1 Other servicesall services not included above.

It shouldbe noted that he direct emissionsalculated with the MRIO methoadre not the same as
those calculatedby the traditional territorial methodpr in typical emisisn profiles reported by cities.

This ishecause factors such as electricity are consideraakun indirectemissions 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).

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 bounddreaddition the

analysis aim$o highlight the potentiadifferences in ¢y development betweerthe BAUand PC2050
scenarios The nodelling 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 nattempt to provide a precise projection tfe future, but should

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

Demarcation of city boundaries

The model was applied for the 10 castadycities: Copenhagen, Malmo, RostopkA G 2 Y ZagyabO S
Milan, Turin, Barelona, Lisbon and Istanbul. Boundaries of the cagdy cities were set to reflect
the metropolitan area, including surrounding suburbs. For most cities, regions at INU&&| were
applied to set city boundaries, except forA ( 2 YaBcMalh8, whee 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 atsesspread

and changes in population numbers. Information on land use was derivedd@amne Land Cover

(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 lwié cell size of 100x100 meters. Population data was

*The NUTS classificatioigdmenclature of territorial units for statistiy$s the standard EU hierarchical system
for territorial regions consisting of three different levels of definition.
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derived fromdLandscan population datgU.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 baed 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 datecansistent data sources for

this study. Applying these data also ensures replicability to other European cities, in the sense that
data are available EWide. Corine Land Cover data for 2000 and 2012 were aggregated into 3
superficial land use type3dbled)

Table4: Applied land use types

1. Urban, covering All built up land and transport infrastructure
2. Sea Water bodies conected 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 dataSubsequently the land use and population maps were spatially adednd
population numbers were calculated for cells with urban land. Finally, spatially overlaying the maps
for 2000 and 2012, cells were assigned to change types summarizat|ab.

Table5: Types of urban change

Change type Description
1. Urban spread Change from nowirban in 2000 to urban in 2012
2.Urban no change Urban in 2000 and 2012 amdb change in population?

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

4. Population diglensification| Urban in 2000 and 2012 and population decrease

5. Nonrurban 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 sourceBAU population is calculatdzbth 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 forMRRIEGE
work and included mjections on several indicators until 2030. Hence this was used to inform the
projections (see Appendix Harris et al 2016).

Since population numbers from Oxford Economics and from Landscan differ due to different data
sources, we applied the expecteénpentage 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 02950 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 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 kmz2 covering a population increase of 16,029 or 28.78 % of the total population incfease
population projection for Copenhagen shows and increase of 324,105 by 2050 for the BAU scenario.
Consequently, we assume tha8.78 % of this increase or around 92,000 will result in urban spread,
while the remaining increase will result in a demsifion. l.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 (Fglsang 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 probahifityndergoing one of the change
GeLsSa olasSR 2y G(GKS OStfQa LINRPEAYAGE G2 GKS aly
probability, each cell was assigned a change type, until the expected quantity in terms of kmz2 of this
change type was reached. tarms 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 sp#oifination

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 disdensification would occur.

Forboth 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 t@€i& population.

The recreational use of forests and urban green parks is an importantaoket ecosystem service
Theireconomic valuation can play an important rolaumderstanding their value and f@lamingthe
conservation of these important ecosysten@hanges in the recreational services have been assessed
based on both supply and demand factors, which include site attributes, geographical location,
socioeconomic characteristics and heterogeneityhia site selection.

The study focuses on modelling the impacttbé PC2050scenarios on the recreational service
provided by urban green areas the case study citiesf Copenhagen and Malmdhe aim is to
undertake a value function transfer of the preémces and demand for recreation from Copenhagen
to the Malma 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-cggion under BAU and PC2050 in 2050.
The resuls indicate how changes in future urban planning may influevaleles of the sites in each
municipality of the twin case study areas.

For the twin case study cities of Copenhagen and Malmd, a monetary valuationstamyductedn
Copenhagerand a benefit transfemadeto Malmd. The monetary valuation approach is a spatially
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explicit Random Ultility Mode(RUM), whichis based on travel cost methodology travel cost
approach values the access to a site based on observed-tri#sidoetween vig frequencies and
travel distance and the estimation of a demand function for accessing a giventst&UMadds to
the travel cost framework bynodeling multi-sites in a spatially explicit mannand can be used for
studyinghow the probability of chosing a site is dependent upaite characteristicas well aghe
costs ofaccessg the site.ln the RUM framework an individual makes his/her choice between the
siteson a single choice occasipwhere the individuatompaes the characteristics of adrnative
sites, including the travel casbf going there, and then choosing the site that maximises utiityM

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

The benefit transfer approach is based on anpteted 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 Malm¢ case based on population density only and scenarios of
population density under a BAU and a post carbon future. Sirmgar regression was applied to the
values per hectare per municipality and the population density of Dennirnis relationship was

then used to predict the recreational values based ondifeerent scenarios opopulation densies

of Malm6 and Denmark

Previous research in Denmark using this method has shown no significant income effect on the
probability ofselecting a site, whereas the distance and number of people are strong predictors for
site values.

An existing dataset on recreational values of natural habitats and urban parks in Denmark conducted
by the Danish Economic Council is used for the s{ijgrner, Jensen, & Termansen, 2014lhis

national dataset consists of 1911 respondents aged 18 and above. Nature sites larger than 50ha
outside cities werencluded 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
BASEMARLevin, Rudbeck Jepsen, & Blemmer, 2Gif2)hich 98 were urbamparks 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 parban sites and 8 are coastal points (beaches). The inclusion of
the periurban sites andites 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 disteatdg
of home addresses of the respondents and the sites, unit costs of travel.

The population data was derived from Landscan data for 2QBadscaris a global dataset for
population data at a resolution of 1x1km. The population density was calculsiad the total adult
population and the total area (ha) of each municipality.
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The approactior the socieeconomic assessment needed to be simplified due to data limitations and
because it needed to cover ten case studiesiwithin the scope of the project. Initially it was desired
to cover energy, buildings and transport in the assessment.

For transport, weinitially investigated assessing the investment costspiablic transport but this
proved difficult for severakeasons. Firstlythe scenarios were not detailed enough in terrof
stipulating what were the actual public transport requirements, and whether trains, buses, trams or
other were required. In addition, collecting the data and information needegeidorm a detailed
transport study was beyond the scope of the project.

However, three approaches were investigatem circumvent this The first focussed on utilising
previous studies on the requirements and costs. Several studies were identified but they podve

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 appech.Bus rapidtransport (BRTwas 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 aliwisoidhthere

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,ssuch a
the miniStern 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, whighs 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 tle local situations of the case study cities.

Hence it was decided not to pursue the calculation of investment c@std therefore also the
benefits)for transport

The methodology for assessing thiavestment costdor energyand buildings are described in the
following sections.

For energy it was decided to focus on the investment costs required for renewable energy to support
the requirements of the BAU and PC2050 scenafibgre 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 investmerst b energy to 2050 based @5%of the
investmentbeing maden each of the year2020, 2030, 2040 and 2049.

27 w SUSTAINABILITY IMFAOPOST CARBON CITIES



POCACITO

For wind costs were derived from the IEA Wind Roadmap (IEA, 2009), and using an average figure to
2050 of 140 EURKW (which is based on a decreasing cost to 2050)calculate the amount of wind
capacity required in MW to produce the annual quantity ded, 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 uniih0&@s derived
from using data andieceasingcost projections up wtil 2050 from Fraunhofer ISE (201&hd 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 2068sgds

on local conditions andalculated usingthe JRC2 2f YR AYGSNI OGABS YI LI at k
LYT2NXYIGA2Y {2aiGSYé OWw/ HAMCOO®

We calculated the capacity requiréoh MW)for both fixed systems and-&xis tracking systems and

took an average between the two values, assuming that approximately 6% we tracking and

40% fixed systems.The 2axis tracking systems maximise the energy obtainable from the sun by
optimally adjusting the angle of the solar panel to the sunp@sosed 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 geothermallEA, 201a).

BUILDINGS

For buildings wdocussed orthe costs of renovating the existidmildingstock. For consistency, but
also due to lack of data and information on the buildings in each of the dities;ost calculations
were based on two factors. The first wdmat different renovationscoss were applied to each city
based orthe level of renovatiorand the resulting improvement in energy efficiendyis was based
on a study bydBuildings Performance Institute Eurap€BPIE 2011) who established average
European costs for different lels on renovation as shown Trable6.

Table6: Renovation types and their average cost estimates

INDICATIVE SAVIN
DESCRIPTION FINAL ENERGY SAVI (FOR MODELLIN AVERAGE
(RENOVATION TYPE) (% REDUCTION) PURPOSES) t whwo/ ¢ [/ h{c¢
Minor 0-30% 15% 60
Moderate 30-60% 45% 140
Deep 60-90% 75% 330
nZEB 90% + 95% 580

(* - Near Zero Emission Buildir{gpurceBPIE, 2011)
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The level of improvemerfor each case study cityas obtained from the assumptions that were used

in the calculation of the energy use for each of the citi&#is in turn @me from an interpretation of

the PC2050 scenario (and the visiowanilestoned = 4SS dawSLR2 NI 2y {dGF {1{SK2fR
al. 2015.

Secondlythe floor alea for the residential and service commercial area for each city was calculated
based on national averages obtained fraentranze(2008) The renovation cost fothe cities were
then calculated by multiplying these two factors together.

The approach of the benefit analysis is intended to be indicative only and provide a comparison of
potential costbenefits of achieving a postarbon scenario.

The benefitsare 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 Tiable7.

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 ofeduced 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.

Table7: Benefits of different aspects of agst-carbon city

Costs Benefits

Energy 1 Energy source wind, 1 Reduced air pollution

solar, geo etc 1 Potential of educed energy costs

1 Energy efficient 1 Indirect benefits; e.g. reduced air pollution
equipment 1 Jobsg¢ manufacturing: 7.5 69 jobs/MW; and
operation:02¢ 5.5 jobs MW (IRENA, 2013)

Transport 1 Electric car and vehicle Reduced congestion

infrastructure Reduced noise

E

91 Public transport Health and wellbeing from reduced air

pollution

9 Health and fitness fromycling or walking,
and catching public transport

9 $1 billion spending = 36,000 jobs, $3.6 bn of

output and $1.8 bn of GDP (Rode and Floate
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2014; pg 16 secondary reference)

Buildings

 Renovations 1

1 New buildings nZEB, 1
ZEB etc

1

Reduced energy costs

Jobg, 17 jobs per million EUR invested (Urge
Vorsatzet al.2010) and 1217 jobs (Meijer et
al 2012)

Improved indoor air qualitg e.g. through
mechanical ventilation

In our approach we utilise costs pfemature deaths from air pollution as calculated in a report by
WHO Regional Office for Europe, and OECD (2015). They have calcudatsmribmic cost as a
percentage of GDP, which can be transferred to the case study cities as the 2050 GDP have been
cakulated 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 oééossil fuels compared to the base year.
2. Alinear decline/increase was assumed between the stapggrgentageand the final
percentage and apercentagecalculated for each year.
3. For each year the cost of the scenarios is calculated by multiplying tiasulated
percentages by the yearly GDP.
4. A fixed cost, assuming no improvement from 2018, for each year is calculated based on the

2010percentageof GDP in the above table.

5. Discounted benefits are then calculated based on the difference betweefigines
obtained in point 3 from the fixed cost calculated in point 4.

6. Thecumulativecosts are then obtained by the sum of 2018 to 2050, from which the
discounted costs and benefits are calculated.

Table8: Economic cost opremature deaths from air pollution (APMP + HAP) as a percentage of
GDP per country in the WHO European, 2005 and 2010

Economic cost of premature deathg Economic cost of premature deaths
from APMP + HAP US$ (millions) from APMP + HAPas a % of GDP (at
PPP)
2005 2010 2005 2010
Croatia 9 844 9035 14.26 10.8
Czech Republic 22834 20901 10.03 7.4
Germany 154 382 144 715 5.82 4.5
Denmark 5955 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 3219 3641 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 ingmta GDP at PPP, with an income elasticity to the powg
0.8

2. OECD base value of US$ 3 million in 20GH&ljusted for differences in peapita GDP at PPP, with an income elasticity to the powg
0.8, and adjusted for pe005 income growth and inflation.

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

The results are presented for a range diécount rates, usingow discount rateq0.8%, 1.0% and
1.2%) It should be noted that lower discount rates are used for benefits compared to the tosts,
give reasonable relevancén the perspective of a fasighted social planneto potential future
benefits.

REDUCEDNERGY EXPENDITURBAIQTATIVE)

The energy use for BAU and PC2050 scenarios was calculated as part of the quantification of the main
elements of the scenarios that includgmbpulation, transport modesand GDP etc Knowing the
differencein 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 sonsvaontentious In general, energy prices

are expected to rise by 2050articularlyfossil fuels anaspeciallypetroleum products for transport.

On the other hand, prices for renewable energy are expected to fall relative to fossil fuels. This
differencewill be magnified if a Europegwide 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 weggest apercentge difference in energy costs
between the scenarios based on energy use and energy sources.

JOES CREATED FROM REANBME ENERGY

There have been several attempts to quantify the number of jobs created through the
implementation of renewableenergy and its use. We use range offigures calculated byRENA
(2013) for a range of technologieand life cycle stageas shown inTable9. The analysigs only
intended to be indicativebased on the most reliable figures available

Table9Y 9 VYLX 28YSyid SaidAYl dS&cotinkibd RAFFSNBYy G wo9¢Qa T2

Wind 8.6 0.2
onshore
Wind 18.1 0.2
offshore
Solar 18 0.2
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Hydro 7.5 0.3
Geo 10.7 0.4

(source: IRENA, 2013)

JOBS CREED THROUGH BUILDRENOVATION

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 energpsisbown

in Table7 two sourcesUrgeVorsatzet al. (2010) and Meijeet al. (2012)both agreed on a figure of
between 1217 jobs per million ER invested in building renovation. It was not possible to
disaggregate this figure intonining, manufacturing ofproducts, design, engineering and onsite
construction. Adeijer et al. (2012) note there will be an indirect effect on jobs, such asstipply 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 ratiaw.
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IV INDIVIDUAICITY RESULABID ANALYSIS

This sectiorpresentsthe 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 (BApypsinthrbon (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 interpretationtbé 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 pesarbon 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 Performancindicator assessment and qualitative analysis
2. Quantitative analysis

a. Energy and GHG

b. MRIO¢ footprint impacts
3. Ecosystem services

a. Land use cover changes (esgstem services)

b. Recreational benefits from urban green areas (assessingystem services)
4. Socio¢ economic assessment

a. Investment costs

b. Costbenefit analysis
5. Gaps and risks

This follows the structure presented in the methodgy section which should be referred to for
additional information.
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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
IANRGGK Ay D5t | F4SNI H A nion cantindedB rawaha@ AThiSgfodtNgEas 02 y 2
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 loal energy sourcesTheoverall efficiency per knof transport has improved due to a shift to

electric mobility but transport volumes have risen slightly. An early ambition to attain 1df0%
renewable energyvas 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 aequippedwith solar panels. A focus on
increasing density and incentives to relocate from the suburbs has increased the populativn to
million inhabitants. Transport energy has declined dueht® increased reliance opublic transport
network andon electric/hydrogen only transport. A fossil fuel ban on city transport in 2035 saw a
shift to predominantly electric mobility.

The wirrent energy use trends for Barcelona were usdgth cautionbecausehey closely followd a
potential fallout from the financial crisisThe energy use wasctuallygrowing until 2006 After 2008

the GDP dropped. Within the municipality the energy growth is consistent witpapelationgrowth

from 2001 until 2006. Dat&om Oxford Economics shows that GDP returns to steady growth in 2014.
Most of the declineeomes in the transport and industry sectors, which is probably due to the financial
crisis. This is in line with thgrovincial trendas well suggestg that peopletravelled less to the city
from the provinces

The sectoral breakdown d&DPshows 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 incrase again. fle transport share could alsecover to the level it had beforthe financial

crisis.

Due to lack of data therefore wassume aBAU2050 energy consumption similar to 2005 with a
greater share covered by the service sector. The service skhatrcontinued to grow GDP whilst
decreasing energgonsumption 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 growih 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:

° http://www.diba.cat/documents/471041/24663576/emissions+in+Barcelona_july+14.pdf/3411@isB1-
4da6acc2d4f83695fc2a
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- service sector continues to grow to 2050 but improves efficiendherefore similar energy
consumptionin total

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

- reddential sectors increase in electrification cancels out efficiency increases therefore remaining
fairly similar.

The KPI assessment for Barcelona is provideballe10. It summarises the current trends of the
YtLQA FYyR LINRPGARSAa | LINR2SOlA2y 2F (GKS fA]Ste
(where possible and applicable). A summary &thYt L Qa Odz2NNBy i GNByRa | yR
under the scenarios is given below.

ENVIRONMENTALt L Q{

For biodiversity no trends can be observdde to the lackof data availability. In addition, m
measureswere identified as being planned (i.therefore influencing BAU) and no measures were
suggested in the PC2050enario.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 projectare 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 furttie 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.

2

The air quality in Barcelona is undergoing a positive treitth the number ofpollution 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 oflipubansportation, primarily shiftingrom 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% treaent and recycling in PC2050.

ECONOMIG t L Q{

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
performanceunder 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.29%1.94% (200€010) but again

the dataisonly available for a short period.
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The business survivaate 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 éyirtancial crisis, which is
likely not to affect the circumstances by 2050.

SOCIAlY t L Q{

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 $batiee
of population at risk of poverty, whidias also increaseddm 2.4% to 17.7% during 2004 to 2013.

There is somgenderinequality in the tertiary education rates which are greater for males at 37.7%
than for females at 31.9% in 201&thoughboth have increased from around 27% in 2003
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i B&celortra/ ! / L ¢ h

YtLQa

. BAU PC
SUBDIMENSION INDICATOR UNIT/INFO Quantity 2050 2050
o ) Variation rate ofecosystem N/a
Biodiversity Percentage 28% (2012) No data on trend
protected areas
Energy intensity variatior toe/euro (20032012) 28.47 to 23.83 -16.3% +
rate toe 1.6 Mtoe to 1.4 Mtoe
Residential 2008 2012:-
2.4%
Energy Services 2008 2012: +
Variation rate of energy 1.97%
consumption by sectors Percentage From 2003 to 2012 Industry 2003; 2012:-
21.25%
Transports 2008 2012:-
18.16%

(20032012)
Variation rate of carbon 0N CQ/euro 84.77 to 60.95 Decrease-¢8.1%)
emissions intensity
ton €Q 4.72 10 3.69 MT )
Carbon intensity per persor toncC;Qitzq. / 3.06 to 2.27 -25.9%
Climate and Air P - -
Quality Variati ‘ b Residential: 4,85%
ariation rate of carbon Services: 1.86%
From 2003 to 2012 !
emissions by sector ton CQ Industry:- 16,78%
Transports:- 18%
Exceedance rate of a iati i
~edan NO 192 (20032012), 5 in 2013 Annualvariations, but still
quality limit values decrease
Public: 34.9% to 39.7%
o Private: 33.3% to 26.1%
Transportand | Variation — share of From2004- 2014 Walk and cycle: 31.7% to
mobility sustainable transportation g 34.1%
Waste Variation rate of urban kg/person/day 1.441.26 kg/person and day 1.441.26 kg/person and

2003 to 2014

day
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SUBDIMENSION INDICATOR UNIT/INFO Quantity

BAU PC
2050 2050

waste generation

Waste to recycling :30.4%6.11% (200@2014) Waste to recycling :30.4%
Percentage Organic waste amounts: 869142508 tonnes/year 36.11% (2002014)

Variation rate of urban
waste recovery

(20072012)
Data onlyprovided in percent for a single year Water usereduced 2001 | N/a N/a
Water Water losses variation rate| m?person/year w 17 gtypin 2013) gley to 2014
70 129.6 to 101.1 L/cap/day
Energyefficient  buildings N/a
variation rate Percentage No data -
Buildings and Land
Use Urban density variation 5 N/a | Nfa
N°/km Nodata -
rate
Level of wealth variation 23,40628,300EUR2001-2011; peak in 2007; Increase, sharp drop
EUR/person . o ; o
rate purchasing power standard indicator) during crisis
Variation rate of GDP b o N/a N/a
Percentage Data missing No data
) sectors
Sustainable
economic growth Employment by sectors Tre_nd of decline in in_dus.t_ry, construptioq and N/a N/a
> variation rate Percentage services (2002012). Significant drop in primary
g section in 2008 which recovered over 209912.
o} Businesssurvival variation Limited data pointsand | N/a | N/a
O rate Percentage 90%69% (2008010) only effects of financial
| crisis
. o Percentage of o N/a N/a
Budget deficit variation rate SR -
udg icit variati Siie0x Data missing
Public Finances N/a N/a
Indebtedness leve
o Percentage of 1.19%1.94% (20082010) -
variation rate OAleQa
Research & R&D intensity variation rate Percentage 1.33%1.51% (2002012) Increase, but possibly du¢ N/a N/a

Innovation dynamics to drop in GDP
Variation rate of Diagram N/a

unemployment level by Percentage Large increase in

Social Inclusi d Men: 6.8%23.7% (2002012) unemployment
oclalinclusion | gender Women: 12%22.5% (2002012)
L 2.4%17.7% (2004€013; share of population in . N/a
Variation rate of poverty Percentage poverty risk) Largeincrease
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level

Variation rate of tertiary Male: 27.2%37.7% (2002013)

education level by gender | o o129 Female: 26.8981.9% (2002013) Increase

Variation rate of average

. Average N° 80.0-82.2 (20032012) Increase
life expectancy

Public services and| Variation rate of green 65.5%64.4%% (2002010)

Percentage No significant change?

Infrastructures space availability 59.8%62.1% (201013; area changed)

Existence of monitoring
system  for  emissions
reductions

Yes/No
Description

Governance
effectiveness

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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The energy sources and quantities for the baseline year 2005 and the BAU and PC2050 scenarios are
shown inTablell. 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
transportis 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.

ENERGBOURCE 2008 (GWH) BAU (GWH) PC205QGWH)

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

Tablell: Energy production by source for 2008, BAU and PC2066Barcelona

The associated GHG emissions are shbignre9 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@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 shownjhe 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 reducég almost 91% compared to 2008

Figure10 compares the GHG emissions per capita for 2008 and the BAU and PC2050 scenarios. It
highlights a considerable drop in per capita emissions in PC208R0tgCQe compared to over 2.5
tonnes in 2008. Under BAU emissions also drop to tC&Pe pecapita.
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Figure9: GHG emissions associated with energy sources for Barcelona for 2008, BAU and PC2050
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Figurel0: GHG emissions per capita for Barcelona Municipality for 2005, BAU and PC2050

MRIO¢ FOOTPRINT IMPACTS

POCACITO alselies uponan economic based multegional inputoutput (MRIO) approach to

enable the consumption footprint of the cities to alse 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 abaseline 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 demuaittiin cities.
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The results of the footprint analysis comparing the base year 2007 with the scenarios are shown
below. InFigurell, the direct GHG emissions thatooe 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 projected increase in GDP and the resulting increase in
consumption. Hece 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 diresgiensi for PC2050 the
overall GHG emissions still rise considerably under PC2050.

14000

12000

10000

8000

M Indirect
6000

m Direct

GHG emissions (tCO2¢

4000

2000

2007 BAU 2050 PC2050

Figurell: Direct and indirect GHG emissions for Barcelona for 2007, BAU and PC2050

Figurel2 comparesthe product groupsresponsible for GH@missions , and slws that in both BAU

and PC205@ K S & KotHélSsendc® &rid dother goods and materiadsincrease considerably.
OYA&daArz2ya Ol dzaSR o6& K2dzaAy3d FyR F22R I NB faz S
FdzStaz SldZALIYSYd FyR aASNIBAOSa¢ I hfRightstat tBetisMh OA G &
reduction in local emissianfrom transport and electricityput this iscounteracted byincreases in

oother goods and servicéslue to increases in consumption, linkedastrong growth in GDP.

The other impacts of photochemical oxidation, acidification and eutrophication shomikrsrise as
shown inTablel2.

® The direct emissions are not the same as those calculated in the above section or in typical emission profiles
reported by cities, becae 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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Figure12: The contribution of product groups to the GHG footprint for 2007, BAU and 2G50
Barcelona

Table12: Environmental impacts for 2007 and the scenarios for Barcelona

2007 BAU PC2050 BAU PC2050
Global warming (kg CO2 eq) 8207.7 10781.1 12683.7 31% 55%
Photochemical oxidation (kg ethylene e 2.3 2.7 3.0 18% 32%
Acidification (kg SO2 eq) 42.5 43.4 53.7 2% 26%
Eutrophication (kg PO4-eq) 175 19.9 26.2 14% 50%

Figurel3 further illustrates the other impact categories and thentribution ofthe product groups
contributeto the impactsp az2aidi y2G0A0SHofS FNRBY (GKAa AandiKFi a
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 i &lid 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 increaseconsumption.
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Figurel3: Comparison of other impacts for Barcelona for 2007, BAU and PC2050

IV.I.IVECGSYSTEM SERVICES
LAND USE COVER CHESIG
Population and land use changes

Between 2000 and 2012 the populatiasf the Barcelona Province increased by 849,8@itabitants

or 19.0 % and urban land increased by 199.9 km2 or 32.9 % (AnhmakId86). 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 km? or 19.9 %. According to the PC2050 scenario the
population will increase by 75,0006habitantsor 1.4 %. Since thBQ050scenario 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 550,845nhabitants In the same period, rban areas with no population change
accounted for 79.5 km2. Urban areas with population densification accounted for 338.8 km2 and a
population increasedo 1,513,493dwellers Meanwhile, urban areas with a decrease in population
(disdensification) accoumtd for 189.3 km2 and a population decrease of 1,214 #b@bitants In
summary, the development from 2000 to 2012 was characterized by a significant total population
increase, a considerable urban spread, and consequeatlgss of norurban land and & the same

time by densification (population increase) in a considerable part of the city andedsfication
(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 lam 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 75&\#@rs Urban

areas with a population decrease (diensification) account for 235.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 populain decreases (didensification). Since our assumption for the2B80
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 alhudoad with a
population in 2012.

Spatial patterns of urban change

Fgure 14 and Figurel5 shows spatial patterns of historic and projected urban change for Barcelona.
Between 200 and 2012 the central parts of the city were primarily characterised by a population
decrease (dislensification). Densification (population increase) took place in the suburbs, while areas
with urban spread were located at the fringe of the city. Fog AU scenarigpatterns of urban
development until 2050 largelynatch 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. & the PC scenariqaopulation 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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FHgure 14: Population and urban change for 208012, and BAU and PC2050 for Barcelona
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V..V SOCI@ ECONOMIC ABSSMENT

INVESTMENT COSTS

The investment costs for renewable energy and building renovatimos) 2018 to 2050for each
scenario are shown ifiable13. 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¥haktiveGDP

(from 2018 to 2050) for the ®2050 scenario.

Tablel3: Investment costs for BAU and PC2050 Scendno8arcelona

Energy MEUR (2016)
BAU 851
PC2050 2120
Total costs for fossil free energy 2599
BAU 3617
PC2050 8441
BAU 4 469
PC2050 10 562
Costs as % afumulative GDP

(2018 to 2050)

BAU 0.15%
PC2050 0.31%

This translates into the following discounted costs as showhaiie14 at various discounted rates
from 2018 to 2050.

Tablel4: Net costs for scenarios investments at different discount rates (MEfdRBarcelona

DISCOUNT RATE 1% 3% 5%
BAU costs (NPY 3775 2792 2157
PC2050 Costs (NPV) 8921 6597 5097

BENEFIT ANALYSIS
REDUCTION IN MORTAIHS DUE TO REDDGHR 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 differestalint rates are shown ifhablel15. The table
shows the benefit of the change in mortality due to the change in air pollutioaddition to BAU and

" Net Present Value
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PC2050, it alsoomparesthe benefits that would be obtained if there was a linear progression from
2018 to no air pollution in 2050.

Table15: Cumulativecost savings (201:2050) due to reduced mortality in the scenarios, and for no
air pollution by 2050 (EUR millions NPy Barcelona

DISCOUNT RATE

0.8% 1.0% 1.2%
BAU 20 037 19178 18 362
PC2050 37712 36 063 34 497
No air pollution 38 533 36 881 35311

INCREASED EMPLOYMENT

The potential for increased employment due to the use of renewable energy and building innovation
is summarised iMable53. Potential jobs for renewable energy are dast 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.

Table16: Benefits of PC2050 scenamompared to BAU for Barcelona

Additional PC2050 Jobs MCI o&M
Renewable energy 23665 310
Building renovation 82002

REDUCTION IN ENERGYSTS

Due to limitations in data availability and the scogfethe project the energy costs of the scenarios
could not be compared with the current costs. However it is possible to provide agsemiitative
and qualitative indication of the costs.

PC2050 can be expected to have lower costs than BAU as a résotr@ased 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 muchieater 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 effectand a further reduction related tohe 41.6% additional
renewable energythe latter depending on the actual costs of renewable energy)
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The most prominent gaps for Barcelona under the current PC2050 scenario are as follows:

There is an assumetbntinued 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 dpwg significant
guantities of renewable energy there is a need for a high input of naturahgash isresponsible for

the majority of GHG emissions. The current trends for-m@¥ision of renewable energy are not
significant to make a significant pact under BAU.

The projected per capita GHG emissions for PC2050 are among the lowest of the case study cities at
only 340 kgCe per capita but with total emissions of almost 700,000 tonrtls city isstill far from

an absolute zero carbonarget This is mainly due to the reliance on gas for some heating and
electricity generation. Therare still major weaknessesn the provision of sufficient quantities of
renewable energy (due primarily to a lack of consistent and robust actions and milestoneth&om
scenario workshops).

In order to close thse 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 asss 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 recovemscgoling. This
should be further supported in the strategic paper along with actions for the circular economy (see
below).

TheKPI analysis showed that thieisiness survival rate has decreased significantly from 90% to 69%
(2008 to 2010which is of concern, but therare 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 circumstarge2050.

Unemployment has increased dramatically fron8% 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 levelwhichhas also increased from 2.4%1@.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 PC20&hario would cost 6,597 MEUf®mpared to
2,792 MEUR fathe BAUscenario (Net Present Value and using a discount rate aof 3% represents

only 0.15% of theumulativeGDP (from 2018 to 2050) for BAU and 0.31% for PC2050. Meanwhile the
cumulativebenefts under PC2050 through reduced premature deaths caused by air pollution would
be a very significant 36,063 MEUR (NPV with discount rate of 1%).
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Under BAU although the population of Barcelona Province is projected to decre284 590 o15.3
%, the use of land for urban development (sprawl) will still increase by 161.0 km? or 19.9 % on the
account of norurban land.

We have assumed within the PC2050 that densification will occur and no urban sprawl will occur.
However, the BAU scenario hights the potential for significant urban sprawl that requires
addressingn low carbon strategy of the city (e.g. also to be laid out in the POCATHIEyic papex.

Hence thestrategyshould address two aspects. Firstly, it should address the paleoti 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 rade 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.

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 asiregaes), but also to support businesses

and innovation in this area.

The EEMRIO footprint analysis suggests that under PC2050 there is a risk that the total GHG
emissions footprint of the city will increase by 55% to 1&&e per capita This is deste the
territorial emissions decreasing by 87% to @G3e 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 eomption and promote a more circular economy.
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Copenhagen is a growing city and well kncagna leading sustainable city having been placed highly
in the Siemens Green City Index for several years and winning the 2014 Eu@pszam Capital
Award. The City of Copenhagen set forth its vision and plans to Ben€@@al by 2025 in its
Copenhagen Climate Plan Climé@&ity of Copenhagen 2009he majority of the populations less

than 49 years oldThe population has increased B@ percent within the last twenty years from
471,300 inhabitants in 1995 to 581,000 in early 2015 (City of Copenhagen, 2015). Copdrdsagan
extensive district heating system that covers 98% of homes. A major factor in the move to carbon
neutrality istherefore 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 io@atidn 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 @elalg@ostcarbon vision

and plan this formsthe basis for the quantification of the scenarios. In B¥dJassume that the 2025

vision has been achieved but that transport is still primarily fossil based. m&jer difference in
PC205@ve assume that the transport is no longer fuelled by fossil faetsis 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 isfuelled 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 remaimisupplied by wind
energy, with an excess of electricity being supplied to the grid, whime 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 bddmessed 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 tht 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 Malmé
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Tablel7 summarises the current trends of the KPI and provides a projection of the likely outcome and
performance under each of the scenariosg KSNB L2 &aaAoftS yR LI AOFo6f §
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 aea, however due to low data availability no trends candbserved For energy intensity the

trend is positive, showing a decrease during the last ten years. The largest energy itenseatoris

trade and services followed by private households and ipubktitutions. In both the BAU and PC
scenario more energy efficient buildings will contribute to redgenergy useresulting in further
reductions in energy intensity.

The carbon emission intensity has almost been halved during the last ten yesesalSmeasures

have been suggested for the futyreuch asfurther renewable energy and electrification of the
transport sectorfor which the future development most likely will be very positive. A similar
development can also be seen for the carbon isignper personhowever in this case the reduction

is slightly smaller, although the suggested measures will probahdiyttea positive development in

both the BAU and the PC scenarfctor-wise, emissionreductions can be noticed for transport
while increases can be seen for industigd energy and work machineandtools. The air quality in
Copenhagen has improvenh terms of PM 2.5 while the levels of PM10 and NO2 have been
increasing. With future electrification of the transport sector the levels 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 gemrration has been decreasing duringecent years, whilst recycling has increased and waste
incineration reducedThis is considered a positive development and is expected to continue under
both the BAU and the PC scenario.

ECONOMIC

The level of wealth isigh in Copenhagen and it has been increasing during the last ten lyea89

in the municipality and 33% in the capital region. According to the future projection the increase will
continue, with a slightly higher increase in the2BB0 scenario. Serviceaccounts for alrast four

fifths of the GDP whilsindustry accountdor the majority of the remainder Employment numbers

are also increasing within theewvice sector whilstindustry-related employment is decreasing. The
economy of the municipalityis stong, with decreases in both the budget deficit and 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 decngasetween 2000 and 2010 and the
improvement is expected to continue in both the BAU and PC scenario. The tretite ftavel of
tertiary educationin the populationwas only available for women and shows a positive trend. The
level for women was alreadyelatively high at 35% in 2006 and increased by 6% to 41% in 2012.
Finally the average life expectancy halsoincreasedduring theby 1.6 yeardrom 2004 to 2013
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SUBDIMENSION

lidzl yGAGE GA

INDICATOR

Variation rateof ecosystem

UNIT/INFO

)
POCACITO

2F GKS

Quantity

Green or blue area

City: 20%

t h/ !

/' L¢h

YtLQa

BAU
2050

dzy R S NJ

PC
2050

Biodiversity protected areas . City Wider area: 36.6% No trend available * *
Wider area
GWh / EURO 2005: 0.168
Energy intensity variation rate e -179
gy intensity vanat 20052014 2014: 0.140 17% " "
Public institutions: 21.1% / 7.99
Private households: 28.7% /
0,
Energy Perce_n_tage of 66.8%
Variation rate of energy electricity and Trade and services: 41.3% / .
. heating No trend available
consumption bysectors 2013 21.9%
Industry: 6.6 / 3.3%
Building and construction: 2.2%
0%
Variation rate of carbon Ton C@ million 2005: 58.7 399
emissions intensity euro 20052014 2014: 35.9 oS
Ton CQ@/ Capita
. . 2005: 4.69
Carbon intensity per person -299
i ity per p 20052013 2013: 3.35 29%
Work machines and tools 500
74.0 Work machines and tools +489
Climate and AiQuality Industry and energy 7349 Industry and energy +57.8%
Variation rate of carbon zko-[)cglzg?z 1158.4 ?j/ i °
L ) Road transport28.8%
emissions bgector
¥ Road transport 489.9 348.4

Transport & other 45.6 25.3

Transport & other-44.5%

Exceedance rate of air quality
limit values

Annual mean value
20092012
>3JKYo

PM 2.5 1815
PM10 3631
NO2 5055

-17%
+3.5%

+10%
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SUBDIMENSION INDICATOR UNIT/INFO Quantity
Cycle 26%
. Variation share of sustainable Percentage Bus, trainmetro 21% .
Transport and mobility transportation 2012 Cars 33% No trend available A +
Walking 20%
Variation rate of urban waste ) 2007 1.77 ton/cap
. Ton percapita/year -0.21 ton/cap + +
generation 2010 1.56 ton/cap
Recycling rate
Waste yelng
Variation rate of urban waste 20062012:55%- 58% Recycling rate +3%
Percentage ) . + +
recovery Incineration rate
Inci i 4%
20062012: 41% 37% ncineration rate-4%
Water Water losses variation rate m3/person/year N/a N/a N/a N/a
Energyefficient buildings
L Percentage N/a N/a A A
variation rate
Buildings and Land Ust P
Urban density variation rate | N° Of buildings/ km2 )
S 2010 3139 No trend available N/a N/a
(buildings)
Capital Region
EUR . .
o UR/person 20032013: 42,000 56,000 Capital Region +33%
Level of wealth variation rate GDP/cap (EUR) o .
Municipality Municipality +28%
2003-2013: 49000- 63 000
> o Agriculture: 1.5%
S Variation rate of GDP by Percentage No trend iabl N/ N/
. 0,
©  sustainable economic sectors 2013 Industry: 21.7% 0 frend available a a
. growth Services: 76.8%
w Hotels and Restaurants +21.9¢
Education +13.5%
Research & Development +9.3
Employment by sectors Percentage N/a Consultancy +9.2% N/a N/a
variation rate 2009 t02013 Building and Construction

14.9%
Transport-13.1%

Telecommunications9.8%
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SUBDIMENSION INDICATOR UNIT/INFO Quantity BAU PC
2050 2050
Business survival variation rat Percentage N/a N/a N/a N/a
t SNOSy Gt 3 Ao
Budget deficit variation rate GDP 2005:- 0.6% -3.9% + +
2014:-4.5%
Public Finances 20052014
Indebtedness level variation | ¢ S NP Sy ut 3 2005 3.3%
rate coP 2014: 0.9% "2.4% * *
20052014 I
Research & Innovation g pintensity variation rate Percentage N/a N/a + +
dynamics
Variation rate of Percentage 2007:6.5/7.1 No trend available due to
unemployment level by gende 20072012 2012:7.8/7.1 annual variations * *
ploy v Male / Female Y )
_ 2000: 18.2%
Variation r verty level -3,79
ariation rate ofpoverty leve Percentage 2010: 14.5% 3,7% + +
Social Inclusion Variation rate of tertiary Percentage (2,\;)()'620/12) Female ¥ +
. ale: n/a
0,
education level by gender (20062012) Female: 35941% +6%
Variation rate of average life Average N° 2004: 74.7
) +1,6 years + +
expectancy 20042013 2013:76.3
o Recreational areas a
Public services and Variation rate of green space| percentage of total City16.5% .
- . e No trend available + +
Infrastructures availability area Capital region: 19.1%
City of Copenhagen
Governance Existence of monitoring systen Yes/No
. L . - Yes + +
effectiveness for emissions reductions Description
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ENERGY AND GHG

The energy use and GHG emissions of the scenarios are compared with Zid3&i6 and Figure

17 respectively. They show that the energy use is exgtd rise in both BAU and PC2050 primarily

due to the increasing population and the resoffincreased consumptioof households. Energy use

in transport also rises in BAU but is reduced in PC2050 due to an increased move to sustainable
transport modes ad electric vehicles.

12000
10000 .
[ m Transport
= 8000
% m Building and constructior
g 6000 m Industry
E m Trade and services
|
4000 B Private households
m Public institutions
2000
0 T T
2013 BAU PC2050

Figurel6: Energy use by sector for Copenhagen 2013, BAU and PC2050

Despite the increase in energy yseHG emissions are reduceg 78.4% and 94.4% for BAU and
PC2050 respectivelgpmpared t02010. Thids due to a shift to biomass to fuel the district heating
system (instead of coal and natural gasd 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 emissinesdrom 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 eitg 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 thare foote 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 tgreptised
renewable energy credits.
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Figurel7: GHG emissions associated with energy sources for Copenhagen 2010, BAU and PC2050

Finally,Figure18 presents a comparison of the per capita GHG emissions. It can be seen that both
scenarios are close to pesarbon status, and PC2050 does not attain zero emissions due to a small
use of natwal 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, hdepending on future production
techniques and raw materials.

4.00

3.50 3.35

GHG Emissions (tCO2e per capit

0.18

2013 BAU PC2050

Figurel8: GHG emissions per capita for Copenhagen for 2013, BAU and PC2050
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MRIOg FOOTPRINT IMPACTS

The results of the footprint analysis comparing the baesary2007 with the scenarios are shown
below. In Figurel9, the direct GHG emissions that occur in the city are compared with the indirect
emissions. It shows that deisg direct emissions falling, indirect and overall emissions increase under
both scenarios. This is related to the progdincrease in GDP ante expected associatddcreases

in consumption. Hence despite expected improvements in the efficiency afrttlerlying production
systems for the products and services, these are outweighed by increased consumption and overall
emissions increase.

25000

20000

15000
m Indirect

10000 m Direct

GHG emissions (tCO2¢

5000

2007 BAU 2050 PC2050

Figurel9: Direct and indirect GHG emissions for Copenhagen for 2007, BAU and PC2050

Figure20 compares the contribution of the product groups to the GHG emissions for each scenario
and shows that in bitn BAU and PC205@ther servic& @&nd dother goodsand materialé 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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Figure20: The contribution of product groups to the BG footprint for 2007, BAU and 2050r
Copenhagen

The other impacts of photochemical oxidation, acidification and eutrophication show a similasrise
shown inTablel8. However, by proportion the rise of photochemical oxidafid2% 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 iRigure21, which showsthat the contribution of
celectricity Y R K S Itdl the phizddheimécalbxidationimpact greatly increases iboth BAU and
PC2050. This is probably due to the increasehian use of biomass for heating and electricity
generation However, due to the structure of the underlying Exiobase database and platform the
actual increase 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
LINE RdzOG 3INRdzL) at NPRdzOG&a 2F F2 NS aunfdiduiately, hiddbasy 3 | y F
not adequately reflect the nature of emissions from the burning of biomass which could be
considerable depending on the technology utilised in 2050.

Table18: Environmental impacts for 2007 and thexenarios for Copenhagen

2007 BAU PC2050 BAU PC2050
Global warming (kg CO2 eq) 15450.5 19655.1 17952.6 127% 116%
Photochemical oxidation (kg ethylene e: 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%

Figure21 comparesthe contribution of the product groups to the other environmental impacts for

2007 and the scenarios. It shows ttitae main contributor to eutrophication is food, which is what

we eELISOG RdzS (2 GKS dzaS 2F FSNIAE{A&ASNE® C2NJ I OA
becomes more domina in both BAU and PC2050 compared to 2007.
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Figure21: Comparison obther impacts for Copenhagen for 2007, BAU and PC2050

IV.ILLIMECGSYSTEM SERVICES
LAND USE COVER CHESIG
Population and land use changes

. Si6SSYy wnnn YR Hnamu [ 2LISYKIFIISYyQad LRLMzZ FGAZY 2
increased by 12.8 kma¢eTable86 of Annex IJ. 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 kB8 &6 28.the

account of norurban land. According to the PC scenario, populatilhincrease 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, leeen 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
kmz2, Urban areas with population densification accounted for 107.5 km2 and a pimpuiacrease of
241,476. Meanwhile, urban areas with a decrease in populatiordfisification) accounted for 49.6

km2 and a population decrease €101,800. In summary, the development from 2000 to 2012 was
characterized by a total population increaseme urban spread, and consequently loss of-odran

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 #h2with 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 decease (disdensification) account for 50.3 km2 and a population decreas@@f752. 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 aersible urban spread and thus a
loss of norurban 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 decreasgeftiffication). Since

our assumption fothe 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 chge

Figure 22 and Figure 23shows spatial patterns of historic and projected urban change for
CopenhagenBetween 200 and 2012 population increase was most pronounced in the central part
of the city. Patterns of urban development are characterised by densification in theecitye and in

itA adz2NNRdzyRAy3d YR Ay &a2YS LI NI & 2dbs weteSalsdOA (i & Q&
characterised by no change or diensification (population decrease) while urban spread was
primarily taking place in the westerautskirts For the BAU scenaripatterns of urban development

until 2050 are characterised by large areasuoban spread, primarily in the western outskirts.
Densification is primarily taking in the city centre and its surroundings, whigedisification is taking
place in parts of the suburbs. For the PC scenpopulation increase is largest in the centpart 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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Figure22: Population and urban change for 20aD12,BAU and PC2050 f@openhagen
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Figure23: Population and urban change for 20a8D12, BAU and PC2050 f6openhager® O2 y 1 QR ¥
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IV.I1.VSOCIQ@ ECONOMIC ASSESSMENT

INVESTMENT COSTS

The investment costs for renewable energy and building renovatimos) 2018 to 2050 for each
scenario are shown ifiable19. The total costs of PC2050 at®39MEUR compared t83,667MEUR
for BAU. However, the table also shows that these costs would represent only 0.345%haftive
GDP (from 2018 to 2050) for the PC2050 scenario.

Table19: Investment costs for BAU and PC2050 Scendridsopenhagen

Energy MEUR(2016)
BAU 1300
PC2050 1514
BAU 2 38
PC2050 5525
BAU 3668
PC2050 7040
Costs as % afumulative GDP

(2018 to 2050)

BAU 0.18%
PC2050 0.35%

This translates into the following discounted costs as showrabie20 comparingvarious discounted
rates from 2018 to 2050.

Table20: Net costs for scenarios investmenits Copenhagerat different discount rate§MEUR)

DISCOUNT RATE 1% 3% 5%
BAU costs (NPV) 3098 2291 1770
PC2050 Costs (NPV) 5946 4 397 3397

BENEFIT ANALYSIS
REDUCTION IN MORTAIHS DUE TO REDDGHR POLLUTION

The current costs of air pollution @openhagerare estimated atL,059,797,06&EUR/year based on
the 2010 cost 02.7% of GDRor Copenhagemprovided by WHO (WHO Regional Office for Europe and
OECD, 2015)

The net of benefits of BAU and PC2050 at different discount rates are sholablie21. The table
shows the benefibr costof the change in mortality due to the change in air pollutiom addition to
BAU and PC2050, it also compatee benefis that would be obtained ithere was a linear
progression from 2018 to no air pollution in 2050.
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Table 21 Cumulative cost savings (201:2050) due to reduced mortality in theCopenhagen
AO0SYIFNAR2&aY YR F2NI y2 AN LRttdziAz2y o6& wnpn 6e Y

0.8% 1.0% 1.2%
BAU -2 299.19 -2 199.36 -2 104.49
PC 2613.77 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 caalso emit considerable pollution. Both scenarios for Copenhagen

utilise significant biomass for energy production but the extent of emission controls that will be
installed in 2050s not known Therefore the figures iflable21 represent a worst case scenario and
0SySFTAala akKz2dZ R Ay FIF OG0 6S YdzOK KAIKSNE I yR Y2NE
in Table22 the benefits of the scenarios are calculated assuming that no air pollution occurs as a

result of biomass combustion.

Table22: Cumulativecost savings (201:2050) due to reduced moriity assuming no air pollution
FNRY 0A2Yl ada O2Y0dzaGA2Y O0e YAffA2YyA Dbt £0

DISCOUNT RATE

0.8% 1.0% 1.2%
BAU (biomass excluded) 18 939.46 18 117.09 17 335.67
PQ050(biomass excluded) 23738.85 22 700.44 21 714.01

Therefore it can be seen that thptential net benefitsof 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 ofengable energy and building innovation
is summarised imable53. Potential jobs for renewable energy are modest withb ongoing jobs
from operation and maintenancehut contribute to nearly9,600 from manufacturing through to
installation. The number of jobs created from the renovation of buildings is significaB6a#

Table23: Benefits of PC2050 scenaicompared to BAU for Copenhagen

Additional PC2050 Jobs MCI O&M
9563

Renewable energy 115

Building renovation 53674
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REDUCTION IN ENERGYSTS

PC2050 can be expected to have lower costs than d@&io a reduced energy consumption ofoal
This is primarily due to transport in PC2050 being fossil fuel free but also increased effierggcy

of buildingsthrough deeper renovationCurrently (200) Copenhagerhas21.1% renewables in its
energy mix and this is expected to increas8@8% inBAU and®5.6% 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 bothscenarios representing 61.2% and 67.7% in BAU and PC2050 respectively.

In summary, there is potential fdr1% reduction of costs in PC206@mpared to BAldue to reduced
energy consumption and a further reduction relatiedthe 15%additional renewable sergy.

In summary, Copenhages likely to remairone of the most sustainable cities in Europe, and indeed

in the world both through BAU or PC209Due 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 Guenhagen already has a 2025 carbweutral 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.

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 thardsis of increased air
pollution which could be deimental to localair 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 dI.7 tCQe per capita under BAU and 0.18 t&(percapita 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.

Qurrently, there is a lack foclarity 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.

The KPI analysis showed that Copenhagen has a high percesftapgetected green areagabout

2099 although due to data limitations a trend was not discernible.

¢ KNRdzZAK GKS fFyR dzaS lFylfeaira Al ¢l a aKz2gy GKI G
land for urban purposescreased by 12.8 kndriven by apopulation increase 055,700 Following
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this trend, under BAU there is a projected increased of urban land aré4.#fkm2 or 23.6 %ue to a
population increase 0824,000 Hence under PC205@ith a potential population increase 874,700
there is therisk of significant encroachment of netleveloped land unless densification becomes a
specific part of future policy.

The KPI analysis showed that the social conditions of Copenhagen, including poverty level, equality,
life expectancy andducation haveexperienced positive trends in recent years. This is expected to
continue under both BAU and PC2050.

The cost benefit analysis showed that the PC2050 scenario would4¢@@? MEUR (NPV with
discount rate of 3%) compared 5291 MEUR for BAU. This represents only8@lof thecumulative

GDP (from 2018 to 2050) for BAU and 0.35% for PC2050. Meanwhiterthdativebenefits under

PC2050 through reduced premature deaths caused by air pollution woul®®@@NMEUR (NPV with
discountrate of 1%).

If air pollution is reduced to zero by 20%0e. through best available pollution control of biomass
combustion)at a linear ratethe expected net benefits compared to no action are expectertetch
45,000 MEURThe implementation of PC2@6could 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.

There is currently a limited emphasis within the Copenhageategy 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 innovationtiis area.

The EBVIRIO footprint analysis suggests that despite local GHG emissions and impacts decreasing by
96% under PC2050 to 0t8QGe per capita there is a risk that the total footprint impacts of the city

will increase by 16% to 17t€Qe percagta. 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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This document consolidates the work to dateREDCACITAGN 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 francontinuation of current trends with esideration of
current projects, wilst 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 ath robustness of supporting actions to the desired poatbon state, and a not a
quantification of an idealistic state (for further information see Hatrris et al, 2016).

In the BAU scenario the population of Istanbul continues to grow rapidly reachingnlld® (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 electricityse (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 ofhe 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.

Table24 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 ecosystermrotected areas and green spadgave increased and biodiversity is likely to
increase under PC2050 due to more green builditfysintegration of built and natural environment

and theprotection of biologically important areas. Energy intensity has efsed when measured in
terms of energy per GVA (gross value added) but datéation preventsdiscerning acleartrend.

The general growth in energy use is most likely due to an increase in GVA, and it is difficult to say
whether the decreasein energyintensitywill continue under either scenario.

In terms of air quality He current trend in Istanbul is positive regarding NOx but unchanged for
tamnQad® Ly GKS . 1! A0SYINRAR2 TFdzZNIKSNI AYLINRGSYSy:
of air polution threshold levelsvill 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 cdame established for sustainable transport under BAU.
However since @ major measures have been put forwamle assume thathe transportation modes
will probably have similar shas@s 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,itowill most likely notreachEuropean levels.
Overall water use and management has greatlprioned 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 efiidiegsbu
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 expeitettop 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 appeate decreasing and tertiary
education increasing.hls 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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BD O DICATOR O Qua end
050 050
o Variation rate of +
Biodiversity Percentage 39498¢ 52212 (20042014) +32.1%
ecosystem protected area.
toe/euro -13% - 0
Energy intensity variatior 0.023¢ 0.020 toe/euro GVA (2068012) 0
rate ;
toe Not available N/A
Energy Residential & services: +1_2 points N/A N/A
o Transportation: +4 points
Variation rate of energy Industry:-1 points Too little data to draw any
. Percentage . ; : X
consumption by sectors Agriculture: +3 points conclusions
Others:-18 points
(20032008)
o ton CQ/euro 0.315¢ 0.246 ton CO2 eq. / 1000 dollars -0.069 0 W
Variation rate of carbon GVA
emissionsntensity
ton CQ No data No data
Carbon intensity  pel - +
ton CQ eq. 3.25¢ 3.31 (20062010) +1.8%

Climate and Air person

Quality Variation rate of carbor N/a | Nia

- tonC

emissions by sector Q
| SQ: 0¢ 0 (20162012) 0 +
Exceedance rate of al Ne NO,: 35¢ 0 (20162012) Improvement in NO2, no
quality limit values PMy: 157¢ 173 (20162012) difference in PM10.
PM, s 0¢ 0 (20102012)
o 54% (2008) v o
Transportand | Variation share of No data on trend (incomparable
Percentage

mobility sustainablgransportation data points)

Pedestrian, cycling, public transit

Variation rate of urban

Waste . kg/person/year 4.67*10 ¢ 5.69*10°kg/year (20052012 No data per person.
waste generation g'p y < glyear ( ) per p
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Quantity

BAU

2050

PC
2050

Variation rate of urban . " "
Percentage 0.48%- 2.62% (200€011) +2.14 points (2002011)
waste recovery
.. . 0,
Water Water losses variation rate  m%person/year i%% ?éi:if - " "
Energyefficient buildings percent Number of LEE2D Zﬂ'ding (2002014 + +
o ercentage - -
Buildings and Land variation rate
Use Urban density variatior . NIA | NIA
ate Ne/km 637.93¢ 677.51 (2002011) +6.2%
Level of wealth variatior
rate EUR/person 7943¢ 13865 dollarsGVA/person +74.6%
Variation rate of GDP b Percentage Agriculture/Industry/Services (2062011): No sianificant chanaes
custainable | S€Ctors 9 0.296/27.5%/72.3%0.2%/27.4%172.5% 9 9
economic growth ing i
9 Employment by sector: Percentage Agriculture/industry/services (2002009): geur?,}::g ?r:cezggieeswvsg:ﬂg min NIA | NIA
. variation rate g 0.8%6/42.6%/56.7%0.3%/37.9%/61.8% industry decreases g
=
Q Business survival variatio ND ND
o rate Percentage No data No data
0
Budget defICIt Val‘iation Percentage of ND ND
Sa W~ x No data No data
rate OAUeéQa
Public Finances 0 0
Indebtedness level  percentage of Significant variations (max in
o) z 0, 0,
variation rate OAleQa 7.8% 9.5% (200€012) 2010: 31.7%)
Research & R&D intensity variation - -
Innovation ty Percentage 0.63% 0.69% (201€2011) Noclear trend but very low rate
dynamics rate currently
Variation rate of * *
. 0, 0,
Social Inclusion | unemployment level by Percentage F'r:;lzl'e:!‘]i'lgf ,@1&} 4/3/0%88‘3?3312;) No trends. Significant variations
gender
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SUBDIMENSION ‘ INDICATOR UNIT/INFO Quantity ;’?5% ZEE?O

Variation rate of poverty N - "
level Percentage 21%- 17.4% (2002012) Significant variations
Variation rate of tertiary Male: 3.92% 5.71% (2002012) " "
. Percentage Increase
education level by gender Female3.14%4.98% (200€012)
Variation rate of average ) "
. Average N° 77.877.2 (20122013) No trend may be identified
life expectancy
Variati t f *
- i ariation rate of green
Public services and S g Percentage 5.65% 9.09%(20042012) +3.44 points

Infrastructures | space availability
Existence of monitoring 0 0

Governance system for  emissions Yes{N(.) Yes, but not CO2 -

effectiveness } Description
reductions
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LAGLF yodzZ QA& ch&atterisdt dy admiglS grolvth 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 GDkeargdsing 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 f82% of total primary energy, whilst the largest domestic source is coal
with 53.9% of domestic production (Tamzok 2010).

Electricity use infurkeyis reported to have increased by over 78% in a decad23®000GWh of
electricity in 2013 (Daily News, 201 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 IstaithuB36,800 GWh of
electricity being used in 201®aily News2014) The national figureshown inTable25were 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.

Table25: Energy use by sector in Turkey

Industry 33.0% 32.0%
Services 24.0% 36.0%
Residential

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 s@uwors
industrial sector is seen as only improving by 2@8energyefficiency due to weak actions and
milestones. Meanwhile we assume the followiagergy 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
PC208 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). Indibcsimentthe GHG emissions for Istanbul

were calculated to be 43.83 MTgOfor the year 2010. Hoever, 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 MTCO

Reverse engineering was used to help calculate the emissioordaased 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, becausetrend on energy use was available from the GHG
LY@Syi2NER:E GNBYR O2SFFAOASYyidla 6SNBE RS@St2LISR
population and GDP projections. The base trend coefficient was 3.24 (meaning energy use in each
sector is expectedot 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 reductionsA(sex1 -
Assumptiongor further details).

The comparison of energy consumption for 2010 and the two scenarios is shdviguie24. This
highlights the large groth in energy use, following recent trends, particularly in the residential sector
and is the result of high population growth and improving GDP per capita.

300000

250000

200000

B Transportation

: .
% 150000 Industry
H Services
100000 - m Residential

50000

2010 BAU2050 PC2050

Figure24. Energy consumption for Istanbul by sector for 2010, BAU B@R2050

Similarly,Figure25 highlights a strong growth in GHG emissions for BAU, but also a growth of 52% in
total emissions under PC2050. However, PC2050 does sskietion in per capita emissions to 2.96
TCQe compared to 3.31 TGEIn 2010, and 5.01 T@Ounder BAU.
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Figure25: GHG emissions for Istanbul for 2010, BAU and PC2050

MRIOg FOOTPRINT IMPACTS

The results of the footprint analigscomparing the base year 2007 with thmjected scenarios are
shown below. IrFigure26 the direct GHG emission®r capitathat occur in the city are compared

with the indirect emissiondt shows that the total GHG footprint increases under both the BAU and

]
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PC2050 scenarios. This is fundamentally linked tosilgaificantincrease in GDPBy 2050and a
correspondingincreasein consumption. Hence despite expedt@nprovements in the efficiency of

the underlying production systems for the products and services, these are outweighed by increased

consumption and overall emissioniserefore increase. The figure also shows thadth direct and
indirect emissions incese. PC2050 is projected to be higher in emissions than BAltbdudigher
GDP being achieved.
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Figure26: Direct and indirect GHG emissions fistanbulfor 2007, BAU and PC2050
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Figure27 compares the contribution of different product groups to the total carbon footprint. It
AYONBIFasSa INB F2N az2i
hea ¥ dzS f & sugporté &e\ ribtion that the increases are caused by increased affluence leading to
increases in energy use and spending on goods and materials.

shows thati KS Yz2ad aA3ayArATaoryl
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Figure27: The contribution of product groups to the GHG footprint festanbulfor 2007 and 2050

The other impacts of photochemical oxidation, acidification and eutrophication show a similar rise as
shown inTable26. This is further elaborated Figure28 which shows the contribution of the product
groups. The large increase in eutrophication is associated with food consumption.

Table26: Environmental impacts for 2007 and the scenarios Fstanbul

2007 BAU PC2050

Global warming (kg CO2 eq) 5259 15038
Photochemical oxidation (kg ethylene e 2.0 4.2
Acidification (kg SO2 eq) 347 78.1
Eutrophication (kg PO4-eq) 6.1 137

17583
4.4
86.2
155

BAU PC2050

286% 334%
217% 224%
225% 249%
225% 255%

The contribution othe 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
O2yadzYLIiAz2y 2F a20&KSNJ I322Ra

78 o SUSTAINABILITY IMPBOF POST CARBONESI

FYR YFGSNREFT &




]
POCACITO

100% -
90% -
80% -
70% - m Other Services
60% -
50% -
40% - m Other Goods and material:
30% -
20% - m Transport fuel, equipment and
10% - services
0% 2 = = -
S S S| 5 s s | o s S m Electricity and heat fuels
el 8|8 |2 |8 |8 2|88
S| E|<c | 8|5 || 38| E| < m Housing
- | B 2| - | 2 2| - | B 2
S| |s|&8|8|5|8| 8=
E, o § o E o = Food
IS S S
o o o
< < <
o o o
2007 BAU PC2050

Figure28: Contribution of the product groups to other impact categories ftatanbulfor 2007, BAU
and PC2050

IV.IV.IV  ECOGSYSTEM SERVICES
LAND USE COVER CHBESIG
Population and land use changes

.SG6SSy wnnn YR HnmMH LallyodzZ Qa LR LA GA2Yy Ay
increased by 214.9 km2 or 24.3 % (see Ann&alh|e86). According to the BAU scenarlmy 2050the

population will increase b further5,268,300 or 44.3 % and urban land will increase by 331.5 km2 or

30.1 % on the account of namban land. According to the PC scenario, population will until 2050
increase by4,498,000 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 treame period, urban areas with no population change accounted for 133.0
kmz2. Urban areas with population densification accounted for 592.5 km2 and a population increase of
3,953,475inhabitants Meanwhile, urban areas with a decrease in population-ddissification)
accounted for 161.7 km? and a population decrease19888,254. 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 norban land ad at the same time by extensive densification
(population increase) in some urban areas and a less extensigdesfication (population decrease)
in other areas.

The BAU scenario results in an urban spread of 331.5 km2 with a population increas&04243

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 (ddensification) accout for 187.9 km? 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 ofunban land while the at the same

time largeparts of the urban land will be characterized by population increase (densification) and a
lesser part by population decrease (diensification). Since our assumption for the PC scenario is that
no urban spread will take place, the scenario indicates that 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

Figure29 and Figure30 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 initsi dZNNR2 dzy RAy 3 | yR Ay a2YS LI NIGaA 2F (GKS OAGE
centre at the eastern bank of the Bosporus was characterised by-dedsfication (population

decrease). Urban spread was primarily taking place in the northernicigtsk
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Figure29: Population and urban change for 20e@D12, BAU and PC2050 figtanbul
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