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Energy Systems Present Energy Usage

Urban energy systems: 365EJ

Present Urban Energy Usage

Electricity and heat: 167 40EJ

Direct energy usage: 195.90EJ

Projected baseline increase in 2050 for urban energy systems

Drawn based on data fromlEA Energy Technology Perspectives 20X8vards Sustainable Urban Energy Systems

Buildings: 146.30EJ

Industry: 172 40EJ

Transport: 44 GOE.J I

Agriculture: 1. 90EJ —

2h2.77EJ



Urban Energy Systems) 2 Degree Scenario 2050

Buildings: 160EJ
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Urban Energy Systems 1.5 Degree Scenario 2050

Buildings: 147EJ

Electricity and heat: 176EJ

Industry: 200EJ

Urban energy systems: 300E.J Direct energy usage: 212EJ

Urban Energy Usage (2050)

Transport: 41EJ I

Agriculture: 2EJ —

Additional savings of about 42 EJ are necessary in urban
energy systems considering the Beyond@ Scenario Scenario savings: 228EJ

Savings

Drawn based on extrapolation of data fromlEA Energy Technology Perspectives 2@atalysingnergy Technology Transformations
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CO, emissions (Gt per year)
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Energy related C@missions have
remained stable for thest three years
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Not sufficient transformation time remain

1990 2000 2010 2020 2030 2040 2050

sSources: * 600 Gt from th@ear 2017

A Stefan Rahmstorf/Global Carbon Projebttp://go.nature.com/2RCPCRYJ
A IEA Energy Technology Perspectives 2@atalysing Energy Technology Transformations
A C40 Cities (2017), Deadline 2020: How Cities Will Get the Job Done




Examples from SDEWES researchers for South East European cities ||

Exemplary Research in Support of Urban Systems

Puksec et al.

m Komusanac et al.

osi¢ et al,

= Dominkovi¢ et al.

= Mikulandric et al.
Andreu et al.

anetal.
Gasparovic et al.

Ramos et al.
= Zhang et al.
= Kazagic et al.

uzovic et al.

Urbancl et al.

Krajaci¢ et al.

M Petruschke etal.

[ Novosel et al.
Sareetal.
Prebeg et al.

[ Schneider et al.

[ Liew et al.
Tomi¢ et al.

M Boskovi¢ et al.
Milutinovi¢ et al.
Vucijak et al.

[ Bukan et al.

M Zappone et al.

[ Kollmann et al.

l Nowak et al.

I Dui¢ et al.

Matak et al.
Fecondo et al.
B Zivkovic et al.

[ Leoand Salvia

Salvia et al.
= Stefanovi¢

etal.
= Quynh and étoyanov

I Kostevsek et al.

Donevska et al.
= Mitrica et al,

Polom¢ic et al.

Barut et al.

Buzasi et al.

Urban renewable energy systems

Urban transport systems

Urban waste systems

Urban water systems

Urban governance systems

A Integration of local energy and resource flows

A 100% renewable energy systertsolar, wind, biomass, geothermal)
A District heating systems

A Smart energy storage

A Energy demand reduction

A Utilization oflow potential and waste heat

A Electric vehicles, demand contishrging, vehicte-grid schemes

A Urban circular economy
A Municipal solid waste management
A Waste to energy, environmental impacts of landfills

A Groundwater sources, urbanization impacts on watersheds
A Water balance, energy recovery from wastewater

A Environmental governanaadjoint SEAP

A Localenergy, climate, and waste strategies e
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There is a need to advance methods for benchmarking as a means of supporting the "Science of Cities"

Composite indicators provide an opportunity to compare multiple dimensions

Future
decisions

Q,
Q.

What is the energy usage? What is the water footprint?

- Q.
Qs

What are the CGemissions? ... How may the performancescbenpared?
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Selection Criteria

A Capital and/or largest
city of countries in Sout
East Europe (SEE)

Cities

A Athens

A Belgrade
A Buchareét
A Istanbuf
A Ljubljana
A Ohrid

A Podgorica
A Sarajevo X Z—
A Skopje Prod ?1?5::
A Sofia AR

A Tirana
A Zagreb

Sustainable development of energy, water and environment systems @mm
index for Southeast European cities

Siir Killes™
e

uuuuuuuuuuu

uuuuuuuuu

* District 1 with SEAP e &e..
** 12 districts on the Thrace side


Doçentlik Yayın Dosyası_KILKIŞ.pdf

Selection Criteria

A City with a port on the
Mediterranean Sea bas

Cities

A Antalya

A Barcelona

A Bari

A Bornova

A Dubrovnik

A Genoa

A Heraklion A Pula

A Istanbul A Rijeka i =
A Kalamaria A Seferihisar e B
AKar L Ey d\Taessalonik Conpss e b bercmarin o ey SyEnS . @
A Malaga A Valencia s

A Naples A Venice N

A Nice A Volos

A Patras A Zadar @ %
S


Doçentlik Yayın Dosyası_KILKIŞ.pdf

Selection Criteria

A Cities with the most

authors in theto
SDEWES Book
of Abstracts *

10" SDEWES
Cities Conference
A Arhus Dubrovnik
A Bogota
A ClujNapoca
A Cologne
ﬁ Eskilehir TepebalkE + 4 cities in the Americas and Asia
Espoo
A Frankfurt ANi G (
A Grenoble A Ostrava A Vienna e —— '
A Incheon A Paris A Warsaw Environment Syatem (SDEWES) index fo poicy
A Leuven A Pisa A Washington IT. R
A Lisbon A Sevilla A Zaragoza i ST
Avarbor A Stockolm
A Milan A Timi’l'd)ara gt e T J
A Nagoya * Representative cities based on data availability also included @ U?g‘?"f

»



Selection Criteria

A Cities in the SEE
region (second sample)

Cities

A Bijeljina

A Bratov

A Bratislava

A Budapest

A Burgas

A Bursa Nilufer

A Celje A Pécs

A 1zola A Rome @ —_— ,

A Klagenfurt A Turin

A Kranj A Varna e o s
A Nitra A Velenje

A Osijek A Zenica )




Selection Criteria

A Multiple criteria to
increase diversity

Cities

A Amsterdam
A Antwerp

A Bangalore
A Batna

A Beijing A Gothenburg
A Berlin A Helsinki

A Bilbao A Karlovac

A Braga A London

A Bregenz A Lviv

A Bydgoszcz A Lyon

A Copenhagen A Madrid

A Florence A Porto

A Rio de Janeiro

A salé

A S&o Paulo

A Tianjin

A Vila Nova de Gaia
A Vilnius

+ 4 cities in Latin America and Asia

Criteria Components

AMost number
ATotal number

Alnclusion

of

of participati

of cities in
cities from t
o

Bl



Selection Criteria

A Multiple criteria to
increase diversity

Cities

A Aalborg

A Birmingham
A Bologna

A Cape Town 7
A Christchurch + 4 cities in Africa and Pacific’
A Constaral

A Dublin A Murcia

A Funchal A Reykjavik
A Gdynia A Riga

A Glasgow A Sfax

A Hamburg A Sydney
A JohannesburgA Tallinn

Additional Criteria
A Monitoring Report or equivalent data submitted within the last 2 years



In total, 50 cities from previous samples published updated energy and G@&missions monitoring data

Covenant of Mayors for Climate and Ene@g), local plans, statistical yearbooks and databases

Covenantofmayors.eu My Covenant

S Covenant of Mayors
. for Climate & Energy

4} About Actions Participation Support Media

English (en) |Z|

Search...

Signatories

Lisboa

2020 2030 ADAPT

Monitoring overview

Submission date ‘Monitoring type
@ 2015 Action ’
® 2017 Full

SEAP Implementation Progress

Monitoring reports submitted in 2017

1) Status of i ion of actions

Municipal buidings, squipment/faclties
2 g5, squipment/ Ongeing

Tertary buldings, equipment/faciltes B Completed
Residential buildings Not stared

Pubiic lighting

Lacal elscuicity praduction
Local heaticold production

Others

0% 10% 0% W% 0% 50% 0% 0% 0% 0% 100%

Source http://www.covenantofmayors.eu/actions/sustainablergyactionplans_en.html

—
_—

Buildings

A Improved efficiency

A More efficient networks : ke
A Increased share of renewable sources o
A shift towards public transportation and electric mobility

Measures

Source Kona. A. et al. (2016pvenant of Mayor&HG Achievements and Projections

[ Supporting Questionaire
Energy and sustainability
managers of cities
AMost recent energy, Gemissions,

and sustainability report for inclusiof

in this yeards |SDEWES |
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Air quality levels

gotdheat»  Global Urban Ambient Air Pollution Database
140
Aver ag,=0% PM R
120 (Improving and not improving cities)
100 s .
80
60 | Subsample,_* o o, Average Improvement B ~ 8% p.a.
) o 00
40 L] L .'
° "0 ..r
20 {u_. S
0 T T T T T T
0 20 40 60 80 100 120

Most recent annual mean Bbncentration (ug/f)

140

Climate mitigation actions

Demonstrations pilot districts
Source:EU SCIS

2011 2012 2013

Shareof NetZero EnergyBuildings

Water, wastewaterand waste related aspects
aae Urban Waste Water Treatment Directive (UWWTD) Database

Individual And Appropriate Systems: 119949 p.e (5.1%)

Budapest (Csepel-kp.) -
Szennyvizliszito Telep

Budapest - Szennyvizelvezetesi Agglomeracia
Agglomeracio 1130815 p.e
Generated load: 2351944 p.e 48.1%)

Budapest (Del-Pest) -
Szennyvizliszdito Telep

Agglemerasio
3727BIpe
(15.9%)

Budaors - Szennyviztisztito Telep

L. __Collective system
/ 2231995 pe
(94.9%) Agglomeradio

Load entering from

N
: (]
- [
H
X

Budapesl(Es ak-Pest) -
Szennyvizlisziito Telep

asio
e
(28.3%)
—_— e
—_— ‘

Discharge without treatment 0 p.e (0.0%)



The SDEWES Index: Application Overview

The Sustainable Development of Energy, Water and Environment Systems (SDEWES) City Index

Energy Usage an Amate P) 5 Indicators in
\ ’ Each Dimension

Penetration of Energy andC ving Measures ) Urban Plar’ning and,!o!ial Welfarel?))

R&D, Innovation and Su\@.alhability Policy ©))

mi6l mi62 mib3 mi6d wi65

Renewable Energy Potentiaahﬂd UtiIiza’%Bn D) CO_fEmission dindustrial Profile (D))

Water Usage @ntaﬂ Quality )

@&
1)
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SDEWES Indexo Dimension 1

Scope/SubrIndicators:

Energy Usage and |
Indicators: AResidential buildings

Climate (D) /; ;Energyusagef buildinggMWh)2 ATertiary buildings
14Energyusag o AMunicipal buildings

APrivate transport
/1,Energyusagef transport (MWh}  Apublic transport
AMunicipal vehicle fleet

ABuildings

/, ;Energyusag@er capita (MWh/capita) ATransport
Alndustry (NoRETS)
APublic lighting

j,, Total degree days (Dagyb AHeating degree days
Weighted by average seasonal COP ACOO"”Q degree days

Main Data Sources:

AEnergy production a .

i,sFinal to primary energy ratio A N SEAP/SECAP and statistical yearbooks
ATransmission and distribution b SWERA database
A Storage/endisage ¢ Enerdata [ 15 %

— _— &



SDEWES Indexo Dimension 2

Penetration of Energy and Scope/SublIndicators:

. Indicators:
CO, Saving Measures) ASEAP/SECAP

I, ;Action Plan for Energy and GBmission$ AEquivalent strategy

ADistrict heating/cooling (DH/C)
ACombined heat and power
/,,Energy system characteridtics Alntegration of multiple sources
ALow temperature DH/C network
ARenewable power to hydrogen (P:

ARefurfishment of buildings
ANet-zero energy buildings/districts

/,3Energy savings in buildirfgs
ATotal urban rail per Km

/4 Density of public transport netwérk A Daily usership pém
ABicycle sharing stations

Hi2.1 mi2.2 mi2.83 mi2.4 =i2.5

Main Data Sources.
i, Efficient public lighting armatures ASolidstate lighting el /P and local souces

ASolar energy based armatufe-9cal public transport sources
and World Metro Statistics @ GPpoes

: — &



SDEWES Indexo Dimension 3

Renewable Energy Potential
and Utilization (Dg) Indicators: Scope/SubIndicators:

iz, Solar energy potential (WHfday)® A |rradiation on optimally inclined plane

i, Wind energy potential (m/s) AAverage wind speed at 50 m height

/33Geothermal energy potenti@a\/m2)°  ANean heaflow density

ASolar, wind, geothermal,

®i3.1 mi3.2 mi3.3 mi34 ~i3.5 /3, Renewable energy in electricity produ¢%gH :
' bioenergy, hydropower

Main Data Sources:

. . a d
/,sGreen energshare in transpofts)© JRC PVGIS Enerdata and/or local sources
‘ _ bIRENA/DTU ¢ IEA and/or local sources
ABiofuel blends ¢ IRENA/GeoDH [ 20h "

e

AElectricity (with > 45% RE share)
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Water Usage and
Environmental Quality (D)

Indicators: Scope/SubIndicators:

i, ;Water consumption per capité/yean @ AWater footprint of domestic
bluewater consumption

ADissolved oxygen
i, Water quality index (/100) ApH level

A Conductivity

ANitrogen

APhosphorous

/,sAnnual mean Pljconcentration (ug/M°¢  AUrban monitoring stations

mi4.l mi4.2 mid. i4.5 i,4 Ecological footprint per capita (gha) A Demand for land across six categories

Main Data Sources:
aWater Footprint Network and related sources
i, 5Biocapacity per capita (gha) b Global Water Quality Index (Srebotrgaf)
, .. *WHO Global Urban Ambient Air Pollution Database -
ANatural regenerative capacity Global Footprint Network; Baabetial (Mediterranean cities) @ @gg'?":.”-éﬁs




SDEWES Indexo Dimension 5

C02 EmiSSionS and . Scope/SubIndicators:
. . ndicators: AResidential buildings
Industrial Profile (D)) ATertiary buildings

/5,CO, emissions of buildings (t 9O

AMunicipal buildings

APrivate transport
/5,CO, emissions of transport (t @3  Apublic transport
AMunicipal vehicle fleet

AEnergy related C@missions

issAverage Cintensity (t CGMWh) & &\ oo o wastewater treatment

AEnergy intense industries

i5.1 mi5.2 mi5.3\mi5.4 »i5.5 ] i i i
mi5.1 Wi5.2 Wi5.3\mi5.4 i /5, Numberof CO, intense industriés included in EU ETS

A Mapping CQemissions
o A Mitigation/optimization

Main Data Sources:
aSEAP and statistical yearbooks

. o _ _ =  bSectoral reports, Peta 4.2
Airport Carbon Accreditation (ACA) - A | andside/ground handling/airsidec Airports Council International @ &z...

A Airports < 150,000 PAX B

— =
—_— _ —_— »




SDEWES Indexo Dimension 6

Urban Planning and
Social Welfare D)

mance .

)

mi6.1 mi6.2 mi6.3

Indicators:

/s, Waste and wastewater managefne

? esfor

/s ,Compact

/45 Tertiary education rate (%0)

A Attainment of ISCED 5 and 6

, /53 Gross domestic product per capita

/44 INequality adjusted wblkking

Scope/SubrIndicators:

ARecycling and compositing share
AWaste generated per capita (kg)
RNWTD compliance (BOD, COD, TSS)

ACoverage of wastewater treatment

urban form and green spacdsPopulation living in core area(s)

AUrban sprawl index (%)

AShare of green area in urban are
share of impermeable surface ar

ANumber and area of protected
reserves, RAMSAR, national park

ACitizen satisfaction with daily experience

Main Data Sources.
aLocal/regional data, including Eurostat, Waste Atlas and WWTD database

b OECD Metropolitan database, Climate Adaptation Platform, Protected Plat
¢ World Bank/Eurostat Gallop Surve§Eurostat/UNESCO
e
B



SDEWES Indexo Dimension 7

R&D, Innovation and . Scope/SubIndicators:
. .- . ndicators: AR&D and innovation priorities
Sustainability Policy ARelation to SEAP/SECAP/SUMP

/>,R&D and innovation policy orientatidn .
~ policy AGross expenditure on research and
\ development (GERD)/ GDP

Mmance
‘ AY02 and Y04 coded patents

i, ,National patents in clean technologies (BU/ding technologies, energy
' APublic/private universities/institution

generation, transport, smart grid,
/,5Local public/private universities ASCIMagdop 1000 institution's

for
9
S

&
L
<

AShare in total national patents

carbon capture and storage)
Weighted by inclusion in SCIMago

AConcentration in the city (%)

* Based on research, innovation and societal factors

w71 mi7.2 wir.3 7. /74 National hindexd AKnowledge production including sustainability
Main Data Sources:
aJRC R&l Observatory/UNESCO

. ) o : b PatentScope

/75Reduction target for G@mission$ A2020 CQreduction target, SciMago Institution Rankings

A2030, 2040 and 2050 d SciMago Country Rankings @ &x

sdel:wes

targets annualized to 20205 Ap/SECAP/Local plans e

— = Q\.
e —
e S e
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Quartile Performances of the 120 Cities

The synthesis of data from 120 cities around the mwettctatesa common benchmarking opportunity

The SDEWES Index Atlas ANormgllzed results*. are. mapped.spatla?lly
AOrganized by quartiles in each dimension

D1 (C)>D,(C)

Ds(C) < Ds(C)

What are the quartiles
of city performance?

Data forthemain indicators: 4,2@tputs
™

©

* During the normalization process, winsorization is applied to any outliers in the dataset as identified basedeombigketsord

w0
T



Energy Usage and Climat&éD, -«

Energy Usage and Average City Performance:
Climate (D)

Indicators:

i, ;Energyusagef buildinggMWh) A7,976,131 MWh

i, ,Energyusagef transport (MWh) A4,649,456 MWh

i, ;Energyusagger capita (MWh/capita) A14.89 MWh/capita

A2,548 HDD
/,, Total degree days (D& A1,776 CDD
Weighted by average seasonal COP A COPH=4.0, COF(’:=3.5
/,5Final to primary energy ratio (%) A70.9 %

a



0 5 10 15 20 25 30 35 40 45 5

City D, Y% e M City D, Y% e M City D, Y% aeM
Tianjin 13.698 -61.3 Athens 21.495 -39.3 Gothenburg 28.007 -21.0
London 14.459 -59.2 Hamburg 22.602 -36.2 Amsterdam 29.422 -17.0
Beijing 16.532 534 Christchurch 24.386 -31.2 Frankfurt 29.466 -16.9
Nagoya 16.759 -52.7 Rome 24958 -296 Birmingham 29.474  -16.8
Washington D.C. 18.687 -47.3 Incheon 24,992 -295 Warsaw 29.522  -16.7
Cape Town 19.586 -44.7 Grand Lyon 25.250 -28.7 Bangalore 29.627 -16.4
Johannesburg 20.641 418 Istanbul 25.372 -28.4 Antwerp 29.779  -16.0

Berlin 20.842 -41.2 Sao Paulo 25,543 -27.9 Rio de Janeiro 30.399 -14.2

0

Paris 21.157 -40.3 Bogota 27452 225 Budapest 30.624 -136
Cologne 21.375 -39.7 Madrid -21.3 Glasgow 30.897 -12.8




City
Sofia
Belgrade
Stockholm

Dublin
Barcelona
Bratislava

Sydney

Tallinn

Leuven

Aalborg

City
Milan
Grenoble
Vienna
Nice
Sarajevo
Lisbon
Antalya
Burgas
Vila Nova de Gaia
Bologna

City
Zaragoza
Pisa
Sevilla
Zagreb
Porto

Lviv
Florence
Bydgoszcz
Bijeljina
Genoa




City
Thessaloniki
Venice
Ljubljana
Malaga
Murcia
Varna
Naples
Braga

Copenhagen
Zenica

City
Valencia
Maribor

Reykjavik
Turin
Helsinki
Gdynia
Volos
Kranj
Funchal
Pula

City
Arhus 36.839
Bilbao 36.914
Heraklion 36.924
Patras 36.954
Bari 36.995
Batna 37.271
Ni G 37.294
EskiTemeé b a 7841
Ostrava 37.366
Dubrovnik 37.390




0 5 10 15 20 25 30 35 40 45 50

City D, Y% e M City D, Y% e M City D, Y% aeM
Bornova 37.633 6.2 Celje 38.337 8.2 Ohrid 39.492 11.4
Nitra 37.690 6.4 Velenje 38.418 8.4 Seferihisar 39.549 11.6
Skopje 37.806 6.7 Kar L Ey a k 88.514 ClujNapoca 39584 117
Bursa Nilufer 37.806 6.7 Espoo 38.568 Klagenfurt 39.852 12.5
Pécs 38.027 7.3 Osijek 38.748 . Bregenz 40.042 13.0
Podgorica 38.072 7.4 Riga 38.886 Rijeka 40.086 13.1
Timitbara 38.093 7.5 Vilnius 38.971 Karlovac 40.278 13.7

Bucharest* 38.125 7.6 Zadar 39.186 Bratdv 40.368 13.9

Izola 38.136 7.6 Constared Salé 40.571 14.5
Kalamaria 38.228 7.9 Sfax Tirana 41.220 16.3




Tirana Tirana
Indicators D, Value
i1.1 1708236 MWh
i1.2 678520  VIWh
| 1.3 7.44 MWh/capita }
i1.4 1,082 -
i1.5 90.5 %

mil.l mil2 mil.3 mil4 =il.5

Karlovac
Indicators D, Value
(11 436863  VWh |
i1.2 126081 MWh
i1.3 10.21 MWh/capita
i1.4 1,160 -
i1.5 803 %

A i, ,reduced by 9.7% from 139,558 MWh with more

than a 40% reduction in, from the baseline year
— ®il.l ®il.2 mil.3 wil.4 7il5




Penetration of Energy and
CO, Saving Measuresp))

Indicators:

/,3Energy savings in buildings

Hi2.1 mi2.2 mi2.83 mi2.4 =i2.5

/,, Density of public transport network

I, 5 Efficient public lighting armatures

/,,Energy system characteristics

Average City Performance:

i,,Action Plan for Energy and GBmissions A1.9/2.0

A1.3/3.0

A1.4/2.0

A2.6/5.0

A15/2.0

Sulndicators:

A Heat only district heating (1

A CHP-based district heating

A Developments for 4GDH (3
A 25%, 50% and 75% shat

Sukndicators:
A Urban rail; 0.12 km/kfn
A 7,828 daily ridership per kr



==

0 5 10 15 20 25 30 35 40 45 50

City D, %&M City D, %&M City D, %M I
Istanbul 11.667 -63.0 Tirana 19.667 -37.6 Seferihisar 23.000 -27.0
Johannesburg 13.667 -56.6 Bursa Nilufer 20.667 -34.4 Karlovac 23.000 -27.0
Cape Town 14.667 -53.4 Porto 20.667 -34.4 Constafal 23.000 -27.0
Séo Paulo 17.167 -455 Vila Nova de Gaia  20.667 -34.4 Belgrade 23.333 259
Rio de Janeiro 17.167 -455 Salé 20.667 -34.4 Izola 23.667 -24.9
Bangalore 18.500 -41.3 Tianjin 21.833 -30.7 EskiTemébap3bB67 249
Athens 18.667 -40.7 Zenica 22.000 -30.2 Kranj 24.000 -238
Batna 18.667 -40.7 Bijeljina 22.000 -30.2 Bydgoszcz 24.000 -23.8

Funchal 18.667 -40.7 Braga 22.000 -30.2 Podgorica 25333 -196
‘ Sfax 18.667 -40.7 Gdynia 22.000 -30.2 Celje 25333 -196




City
Bilbao
Florence
Zadar
Heraklion
Kalamaria
Bogota

Ni G
Bratdbv

Nitra
Murcia

D,
26.000
26.000
26.333
26.333
26.333
26.333
26.333
26.333
26.333
26.333

%eM
-17.5
-17.5
-16.4
-16.4
-16.4
-16.4
-16.4
-16.4
-16.4
-16.4

City D,
Ohrid 27.000
Pisa 27.333
Sarajevo 28.333
Kar L Ey a k a8.333
ClufNapoca 28.333
Ostrava 28.333
Volos 28.667
Christchurch 29.000
Sevilla 29.333
Timitbara 29.333

%eM
-14.3
-13.2
-10.1
-10.1
-10.1
-10.1

-9.0
-7.9
-6.9
-6.9

City
Lviv
Washington D.C.
Bregenz
Rijeka
Dubrovnik
Pula
Patras
Antalya
Bari
Bornova

29.333
29.333
29.667
29.667
29.667
29.667
29.667
30.333
30.667
31.333




City
Venice
Varna
Beijing
Malaga

Grenoble
Antwerp
Dublin
Vilnius

Skopje
Burgas

City
Velenje
Klagenfurt
Osijek
Pécs
Bologna
Aalborg
Rome
Valencia
Nice
Naples

City
Sofia
Bratislava
Riga
Thessaloniki
Reykjavik
Leuven
Nagoya
Madrid
Sydney
Glasgow

36.000
36.000
36.000
36.333
36.333
37.333
38.000
38.000
38.333
39.333




Espoo
Maribor
Milan
Warsaw
Ljubljana
Tallinn
Genoa
Birmingham
Incheon
Zaragoza

City
Gothenburg
Amsterdam

Helsinki
Zagreb
Cologne
Frankfurt
Grand Lyon
Hamburg
Bucharest*
Lisbon

City
Arhus
Barcelona
Paris
Vienna
Budapest
Turin
Berlin
London
Stockholm
Copenhagen

46.000
46.667
46.667
46.667
46.667
46.667
46.667
46.667
50.000
50.000




Best Practice Examples fromD -

Copenhagen
Indicators D, Value
i2.1 2.0
[i2.2 3.0 ]
i2.3 2.0
i2.4 5.0
i2.5 2.0

A District heating coverage is 98%

A The suburbs of the city are renovated for
low temperature district heating network mi2.1l mi2.2 mi2.3 mi2.4 wi25

Budapest
Indicators D, Value
i2.1 2.0
i2.2 2.0
i2.3 2.0
i2.4 5.0
i2.5 2.0

A Urban rail density 0.37 km/Rm

A Daily ridership: 25,1@@rkm
— mi2.1 mi22 Wi2.3 Wi24 1125




N

==

Renewable Energy Potential Average City Performance:

- . Indicators:
and Utilization (D>
/5 ,Solar energy potential (Wifiaay) A4535 Wh/n#/day

/3, Wind energy potential (m/s) A4.7 mis

i, ;Geothermal energy potentiaM/m2) A67 mw/n?

wi3.1 mi3.2 mi3.3 wi3/4 ~i3.5 /3, Renewable energy in electricity produ¢¥gn A37.15 %

/35 Green energghare in transpo(¥o) A3.53 %

-
T



==

0 5 10 15 20 25 30 35 40 45 5

City D, Y% e M City D, Y% e M City D, Y% aeM
Lviv 11.716 -453 Warsaw 16.319 -238 Turin 17.477 -18.4
Tallinn 13.521 -36.9 Bologna 16.449 -23.2 Washington D.C. 17579 -17.9
Birmingham 14588 -31.9 Beijing 16.522 -22.9 London 17.605 -17.8
Tianjin 14767 -31.1 Zenica 16.561 -22.7 Bratbv 17.673 -175
Bydgoszcz 15.364 -28.3 Johannesburg 16.734 -21.9 Venice 17.709 -17.3
Sarajevo 15.393 -28.1 Timitbara 16.814 -21.5 Kranj 17.717 -17.3
Bangalore 15.692 -26.7 Batna 16.921 -21.0 Skopje 17.995 -16.0
Bogota 15.786 -26.3 Glasgow 17.065 -20.3 Ljubljana 18.098 -155
Incheon 15909 -25.7 Velenje 17.150 -19.9 Rijeka 18.125 -15.4
Vilnius 16.005 -25.3 Maribor 17.177 -198 Izola 18.205 -15.0




City
Bilbao
Berlin

Podgorica
Ohrid

Milan

Varna
Ostrava
Budapest
Nagoya
Gdynia

City
Belgrade
Celje
Kalamaria
Dublin
Thessaloniki
Paris
Zadar
Sofia
ClufNapoca
Burgas

City
Bijeljina
Salé
Espoo
Hamburg
Pécs
Christchurch
Amsterdam
Riga
Sfax
Bursa Nilufer




City City D, %eaeM City
Nitra Genoa 22.180 35 Bucharest*
Ni G . Florence 22.380 4.1 Cape Town

Antwerp . Grenoble 22490 45 Rome
Cologne EskilLehir 2XR822e bal E Antalya
Pula . Patras 22863 65 Nice
Naples . Karlovac 22.895 6.7 Mélaga
Istanbul : Leuven 22925 6.9 Zagreb
Bratislava . Sydney 22931 7.0 Tirana

Funchal
Frankfurt

Zaragoza
Constaral

23.139
23.328

7.0
7.9

Heraklion
Dubrovnik




==

0 5 10 15 20 25 30 35 40 45 5

City D, Y%aeM City D, Y%aeM City D, Y%aeM
Murcia 25.214  17.7 Braga 26.905 256 Bregenz 28.684 33.9
Osijek 25.272 18.0 Aalborg 26.958 258 Gothenburg 29.294 368

Grand Lyon 25402 186 Copenhagen 27.069 264 Valencia 29.707 38.7
Helsinki 26.055 216 Athens 27.139 26.7 Seferihisar 29.809 39.2
Arhus 26.056 216 Porto 27.932 304 Barcelona 30.480 423
Madrid 26.115 219 Vienna 28.147 314 Lisbon 31.348 46.3
Bari 26.254 226 Sevilla 28.344 32.3 Stockholm 31.500 47.0
Klagenfurt 26.699 246 Vila Nova de Gaia 28.500 33.0 Reykjavik 32.076  49.7

Pisa 26.852 253 Bornova 28.543 332 Séo Paulo 32.799 53.1
Volos 26.901 256 Kar LEy ak 88627 336 Rio de Janeiro 34494 61.0




Reykjavik
Indicators D, Value
i3.1 2640 Wh/m?/day
i3.2 8.0 m/s
i3.3 310 mW/m?
| i3.4 100.00 % ]
i3.5 2.50 %

A Winsorizedralue forj ;is 128mW/m 2

34.494

2i3.1 mi3.2 mi3.3 =i3.4

2i3.1 mi3.2 wi3.3 i34 i35

Rio de Janeiro

Indicators D,
i3.1
i3.2
i3.3
i3.4
i3.5

Value
5910 Wh/m?/day
4.1 m/s
56 mwW/m?2
81.19 %
17.87 %

A i, ,improved from 73.86 % in 2015 (+9.9%




Water Usage and Average City Performance:

Indicators:

Environmental Quality (D)

i, ,Water consumption per capit@/(caplyeay A9.8 ni/capita/year

i, ,Water quality index (/100) A84.0/100

/,sAnnual mean Pl)jconcentration (ug/ A30.7 pg/nd

mi4.1 mi4.2 mid. i4.5 i, Ecological footprint per capita (gha/capita)A4.30 gha / capita

/5 Biocapacity per capita (gha/capita) A2.70 gha / capita

e



0 5 10 15 20 25 30 35 40 45 5

City D, Y% e M City D, Y% e M City D, Y% aeM
Batna 17.890 -40.4 Lviv 24599 -18.0 Patras 26.764 -108
Skopje 19.149 -36.2 Antwerp 25.131 -16.2 Milan 26.802 -10.7
Ostrava 19.597 -34.7 Istanbul 25.133 -16.2 Bornova 26.902 -10.3
Johannesburg 19.993 -334 Leuven 25.351 -155 Bogota 27.393 -8.7
Incheon 21.172 294 Nagoya 25.605 -14.7 Vienna 27.690 -7.7
Washington D.C. 21.493 284 Athens 25932 -136 Bursa Nilufer 27.755 -7.5
Sfax 21.635 -27.9 Bangalore 26.179 -12.7 Sarajevo 28.008 -6.6
Beijing 22.140 -26.2 Antalya 26.206 -12.7 Volos 28.052 -6.5
Tianjin 23.521 216 Turin 26.355 -12.2 Klagenfurt 28.128 -6.2
Zenica 24.095 -19.7 Cape Town 26.691 -11.0 Rome 28.147 -6.2

0




City D, Y% e M City D, Y% e M City
Sevilla 28.153 6.2 Bari 28.693 4.4 Nitra
Barcelona 28.208 6.0 Bregenz 28.778 4.1 Amsterdam
Venice 28.218 59 Bologna 28.786 4.1 Heraklion
Nice 28.382 54 Pisa 28.839 -39 Bilbao
Paris 28.452 5.2 Varna 28.875 -38 Madrid

Malaga 28.486 5.1 Grand Lyon 28.948 35 Thessaloniki
Murcia 28.605 4.7 Eski Lehir 288&f8eb@ai E Kalamaria
Florence 28.606 4.7 Genoa 29.083 3.1 Bydgoszcz

Grenoble 28.624 -4.6 Bratislava 29.104 3.0 Valencia
Naples 28.662 4.5 Reykjavik 29.213 26 Constarg




City D,
Frankfurt 30.030
Zaragoza 30.073

Sofia 30.115
Warsaw 30.137
Cologne 30.376

Berlin 30.426

Salé 30.476

Tirana 30.779

Kar L Ey ak 80.879
Maribor 30.889

%eM
0.1
0.2
0.4
0.4
1.2
1.4
1.6
2.6
2.9
3.0

City
Hamburg
Bucharest*
Copenhagen

Porto
Zagreb
Celje
Seferihisar
Burgas
Timikbara
Aalborg

City
ClufNapoca
Osijek
London
Vila Nova de Gaia
Funchal
Arhus
Ljubljana
Brakbv
Kranj
Bijeljina

D,
31.511
31.530
31.644
31.723
31.842
31.920
31.976
32.016
32.019
32.380




0 5 10 15 20 25 30 35 40 45 5

City D, Y% e M City D, Y% e M City D, Y% aeM
Belgrade 32.402 8.0 Ni G 33.406 11.3 Ohrid 35.905 19.7
Sydney 32.548 8.5 Birmingham 33.502 11.7 Vilnius 35.968 19.9
Velenje 32.606 8.7 Pécs 33509 11.7 Stockholm 36.104 20.3
Karlovac 32.624 8.7 Dublin 33,515 11.7 Tallinn 36.587 21.9
Lisbon 32.668 8.9 Budapest 33.752 125 Gothenburg 37.323 244
Izola 32.780 9.3 Rijeka 33.950 13.2 Riga 37.363 245
Glasgow 32.803 9.3 Podgorica 34.051 135 Rio de Janeiro 37.420 247
Gdynia 32.896 9.6 Pula 34.645 155 Sao Paulo 39.594 320
Braga 33.153 Zadar 34.724 157 Espoo 39.802 32.7
Christchurch 33.188 Dubrovnik 16.8 Helsinki 39.802 32.7

0




Helsinki
Indicators D, Value
i4.1 6.6 m3caplyear
i4.2 99.1 (/100)
i4.3 19.1 pg/ms
. i4.4 6.73 gha
Ij i4.5 13.34 gha

A Winsorizedralue for j ¢is 8.59

mi4.1 mi4d2mi4.3 mi4.4 1i4.5

Dubrovnik
Indicators D, Value
i4.1 97 m3caplyear
i4.2 90.4 (/100)
i4.3 12.66  yg/m® ]
i4.5 2.97 gha

mi4.1 mi4.2 mid3 wid.4 7i45 I ‘l'



CO, Emissions and
Industrial Profile (D))

Indicators:

/5,CO, emissions of buildings (t 9O

/5,CO, emissions of transport (t §O

/s 3Average CQintensity (t CQMWh)

mi5.1 mi5.2 mi5.3\mi5.4 =i5.5 /5, Numberof CO, intense industries

/55 Airport ACA level and measures
Airport Carbon Accreditation (ACA)

Average City Performance:

A2,275,621tCO

A1,093,392tCDO

A0.29t CQ/ MWh

A3.5/8.0

A1.4/6.0

6



City
Tianjin
Beijing

Cape Town
Nagoya
Berlin
Athens
Johannesburg
London
Warsaw
Incheon

Ds
1.667
1.903
6.476
7.176
11.153
11.269
13.221
15.858
15.873
18.431

%aeM
-94.6
-93.8
-79.0
-76.8
-63.9
-63.5
-57.2
-48.7
-48.6
-40.3

City
Rio de Janeiro
Istanbul
Cologne
Hamburg
Washington D.C.
Sao Paulo
Bogota
Sydney
Thessaloniki
Birmingham

Ds
18.455
18.673
19.043
19.764
20.417
20.700
21.008
23.532
24.576
24.589

%eM
-40.3
-39.6
-38.4
-36.0
-33.9
-33.0
-32.0
-23.8
-20.5
-20.4

City
Madrid
Belgrade
Ostrava
Sofia
Genoa
Turin
Tallinn
Antalya
Frankfurt
Bangalore

5
24.700
24.741
25.611
25.619
25.823
26.198
26.208
26.422
26.947
27.054

%aeM
-20.1
-19.9
-17.1
-17.1
-16.4
-15.2
-15.2
-14.5
-12.8
-12.4

-




