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Urban Energy Systems ð Present Energy Usage 
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Projected baseline increase in 2050 for urban energy systems: 

Drawn based on data from: IEA Energy Technology Perspectives 2016 - Towards Sustainable Urban Energy Systems 
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Urban Energy Systems ð 2 Degree Scenario 2050 
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Drawn based on data from: IEA Energy Technology Perspectives 2016 - Towards Sustainable Urban Energy Systems 
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Urban Energy Systems ð 1.5 Degree Scenario 2050 
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Additional savings of  about 42 EJ are necessary in urban 

energy systems considering the Beyond 2°C Scenario 

Drawn based on extrapolation of data from: IEA Energy Technology Perspectives 2017 - Catalysing Energy Technology Transformations 
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The Role of  Cities in "Bending the Curve by 2020" 

1990         2000          2010         2020         2030          2040         2050 
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Not sufficient transformation time remaining 

Not within the 

600 Gt* carbon 

budget 

2016 peak 
2020 peak 

Sources: 

Å Stefan Rahmstorf/Global Carbon Project <http://go.nature.com/2RCPCRU> 

Å IEA Energy Technology Perspectives 2017 - Catalysing Energy Technology Transformations 

Å C40 Cities (2017), Deadline 2020: How Cities Will Get the Job Done 

... and a closer look 
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Energy related CO2 emissions have 

remained stable for the last three years 

Cities have a crucial role in bending the curve by 2020 with a rapid decarbonization thereafter 

* 600 Gt from the year 2017  
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Exemplary Research in Support of  Urban Systems 

ÅIntegration of local energy and resource flows 

Å100% renewable energy systems (solar, wind, biomass, geothermal) 

ÅDistrict heating systems 

ÅSmart energy storage 

ÅEnergy demand reduction 

ÅUtilization of low potential and waste heat 

ÅElectric vehicles, demand control charging, vehicle-to-grid schemes 

ÅUrban circular economy 

ÅMunicipal solid waste management 

ÅWaste to energy, environmental impacts of landfills 

ÅEnvironmental governance and joint SEAP 

ÅLocal energy, climate, and waste strategies 

ÅGroundwater sources, urbanization impacts on watersheds 

ÅWater balance, energy recovery from wastewater 
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Benchmarking for the "Science of  Cities"  

There is a need to advance methods for benchmarking as a means of  supporting the "Science of  Cities" 

Sankey energy Sankey water 

What is the water footprint? 

What are the CO2 emissions? 

What is the energy usage? 

Composite indicators provide an opportunity to compare multiple dimensions  

... How may the performances be compared? 

Q x 

Q 1 

Q 2 

Q 3 

City 2 

City 1 
City x 

Future  

decisions 
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The SDEWES Index: Dimensions Overview 

Water Usage and  

Environmental Quality (D4) 
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Application:  

Total of  120 Cities 

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

7 Dimensions 

35 Main Indicators 
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The SDEWES Index: Application Overview  

1st SEE 

SDEWES 

Conference 

Ohrid 

Selection Criteria 

ÅCapital and/or largest 

city of  countries in South 

East Europe (SEE) 

Cities 

ÅAthens  

ÅBelgrade 

ÅBucharest* 

Å Istanbul** 

ÅLjubljana 

ÅOhrid  

ÅPodgorica 

ÅSarajevo 

ÅSkopje  

ÅSofia 

ÅTirana 

ÅZagreb  

* District 1 with SEAP 

** 12 districts on the Thrace side 
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The SDEWES Index: Application Overview  

9th SDEWES 

Conference 

Mediterranean 

Selection Criteria 

ÅCity with a port on the 

Mediterranean Sea basin 

Cities 

ÅAntalya 

ÅBarcelona  

ÅBari 

ÅBornova 

ÅDubrovnik  

ÅGenoa 

ÅHeraklion 

Å Istanbul 

ÅKalamariá 

ÅKarĹĔyaka 

ÅMálaga 

ÅNaples 

ÅNice 

ÅPatras 

Cities 

ÅPula  

ÅRijeka  

ÅSeferihisar 

ÅThessaloniki 

ÅValencia 

ÅVenice 

ÅVolos 

ÅZadar 10 
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The SDEWES Index: Application Overview  

10th SDEWES 

Conference 

Dubrovnik 

Selection Criteria 

ÅCities with the most 

authors in the 9th 

SDEWES Book  

of  Abstracts * 

Cities 

ÅÅrhus  

ÅBogotá  

ÅCluj-Napoca 

ÅCologne  

ÅEskiĹehir TepebaĹĔ  

ÅEspoo  

ÅFrankfurt  

ÅGrenoble 

Å Incheon 

ÅLeuven 

ÅLisbon  

ÅMaribor 

ÅMilan  

ÅNagoya  

ÅNiĢ 

ÅOstrava  

ÅParis  

ÅPisa  

ÅSevilla 

ÅStockholm  

ÅTimiἨoara 

ÅVienna  

ÅWarsaw  

ÅWashington D.C. 

ÅZaragoza 

* Representative cities based on data availability also included 

+ 4 cities in the Americas and Asia 
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The SDEWES Index: Application Overview  

Selection Criteria 

ÅCities in the SEE 

region (second sample) 

Cities 

ÅBijeljina 

ÅBraἨov 

ÅBratislava 

ÅBudapest 

ÅBurgas 

ÅBursa Nilüfer 

ÅCelje 

Å Izola 

ÅKlagenfurt 

ÅKranj 

ÅNitra 

ÅOsijek  

Cities 

ÅPécs 

ÅRome 

ÅTurin 

ÅVarna 

ÅVelenje 

ÅZenica 
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The SDEWES Index: Application Overview  

Criteria Components 

ÅMost number of participating authors (ɷ) 

ÅTotal number of cities in the country with SEAP (ɷ) 

ÅInclusion of cities from the country in previous samples (ɹ) 

Cities 

ÅAmsterdam  

ÅAntwerp  

ÅBangalore  

ÅBatna 

ÅBeijing  

ÅBerlin  

ÅBilbao 

ÅBraga 

ÅBregenz 

ÅBydgoszcz 

ÅCopenhagen  

ÅFlorence 

Cities 

ÅGothenburg  

ÅHelsinki  

ÅKarlovac  

ÅLondon  

ÅLviv 

ÅLyon  

ÅMadrid 

ÅPorto 

ÅRio de Janeiro  

ÅSalé 

ÅSão Paulo  

ÅTianjin  

ÅVila Nova de Gaia  

ÅVilnius 

Selection Criteria 

ÅMultiple criteria to 

increase diversity  

+ 4 cities in Latin America and Asia 
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The SDEWES Index: Application Overview  

Cities 

ÅAalborg  

ÅBirmingham 

ÅBologna 

ÅCape Town 

ÅChristchurch 

ÅConstanἪa 

ÅDublin 

ÅFunchal 

ÅGdynia 

ÅGlasgow 

ÅHamburg 

ÅJohannesburg 

Cities 

ÅMurcia 

ÅReykjavík 

ÅRiga 

ÅSfax 

ÅSydney 

ÅTallinn 

Additional Criteria  

ÅMonitoring Report or equivalent data submitted within the last 2 years 

+ 4 cities in Africa and Pacific 

Selection Criteria 

ÅMultiple criteria to 

increase diversity  
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The SDEWES Index: Application Overview  

Source: http://www.covenantofmayors.eu/actions/sustainable-energy-action-plans_en.html 

Covenant of  Mayors for Climate and Energy (CoM), local plans, statistical yearbooks and databases 

Supporting Questionaire  

Energy and sustainability  

managers of  cities 

ÅMost recent energy, CO2 emissions, 

and sustainability report for inclusion 

in this yearõs SDEWES Index 

Monitoring reports submitted in 2017 

Source: Kona. A. et al. (2016) Covenant of Mayors: GHG Achievements and Projections 

Emission Reductions from Baseline Years 

Buildings Transport 

In total, 50 cities from previous samples published updated energy and CO2 emissions monitoring data 

36 % 7 % 

ÅImproved efficiency 

ÅMore efficient networks 

ÅIncreased share of renewable sources 

ÅShift towards public transportation and electric mobility  M
e

a
s
u
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s 
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The SDEWES Index: Application Overview  

Share of  Net-Zero Energy Buildings 

Source: EU Buildings Database 

Global Urban Ambient Air Pollution Database 
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Average æ PM10 = 0%  
(Improving and not improving cities) 

Average Improvement PM10 = ~ 8% p.a. 

Climate mitigation actions 

Sub-sample 

Urban Waste Water Treatment Directive (UWWTD) Database 

Demonstrations in pilot districts 

Source: EU SCIS 

... 

Plus other related developments 

Air quality levels 
Water, wastewater and waste related aspects 
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The SDEWES Index: Application Overview  

5 Indicators in  

Each Dimension 

Energy Usage and Climate (D1) 

Penetration of  Energy and CO2 Saving Measures (D2) 

Renewable Energy Potential and Utilization (D3) 

Water Usage and Environmental Quality (D4) 

CO2 Emissions and Industrial Profile  (D5) 

Urban Planning and Social Welfare (D6) 

R&D, Innovation and Sustainability Policy (D7) 

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

17 



i1.1 i1.2 i1.3 i1.4 i1.5

SDEWES Index ð Dimension 1 

Indicators: 

Scope/Sub-Indicators: 

Main Data Sources:  
a SEAP/SECAP and statistical yearbooks 
b SWERA database 
c Enerdata  

Energy Usage and 

Climate (D1) 
i1.1 Energy usage of  buildings (MWh) a 

ÅResidential buildings 

ÅTertiary buildings 

ÅMunicipal buildings 

i1.2 Energy usage of  transport (MWh) a 

ÅPrivate transport 

ÅPublic transport 

ÅMunicipal vehicle fleet 

i1.3 Energy usage per capita (MWh/capita) a 

ÅBuildings 

ÅTransport 

ÅIndustry (Non-ETS) 

ÅPublic lighting 

i1.4 Total degree days (Days °C) b 

 Weighted by average seasonal COP  

i1.5 Final to primary energy ratio c 
ÅEnergy production 

ÅTransmission and distribution 

ÅStorage/end-usage 

ÅHeating degree days 

ÅCooling degree days 
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i2.1 i2.2 i2.3 i2.4 i2.5

SDEWES Index ð Dimension 2 

Indicators: 
Scope/Sub-Indicators: 

Main Data Sources:  
a SEAP/SECAP and local souces 
b Local public transport sources  

   and World Metro Statistics 

Penetration of  Energy and 

CO2 Saving Measures (D2) 
i2.1 Action Plan for Energy and CO2 Emissions a 

ÅSEAP/SECAP  

ÅEquivalent strategy 

i2.2 Energy system characteristicsa 

ÅDistrict heating/cooling (DH/C) 

ÅCombined heat and power 

ÅIntegration of  multiple sources 

ÅLow temperature DH/C network 

ÅRenewable power to hydrogen (P2G) 

i2.3 Energy savings in buildings a 
ÅRefurfishment of  buildings 

ÅNet-zero energy buildings/districts 

i2.4 Density of  public transport network b 

i2.5 Efficient public lighting armatures a ÅSolid-state lighting 

ÅSolar energy based armatures 

ÅTotal urban rail per km2 

ÅDaily usership per km  

ÅBicycle sharing stations 

19 



i3.1 i3.2 i3.3 i3.4 i3.5

SDEWES Index ð Dimension 3 

Indicators: 
Scope/Sub-Indicators: 

Main Data Sources:  
a JRC PVGIS              d Enerdata and/or local sources 
b IRENA/DTU          e IEA and/or local sources 
c IRENA/GeoDH  

Renewable Energy Potential 

and Utilization (D3) 
i3.1 Solar energy potential (Wh/m2/day) a ÅIrradiation on optimally inclined plane 

i3.2 Wind energy potential (m/s) b ÅAverage wind speed at 50 m height 

i3.3 Geothermal energy potential (mW/m 2 )c 

i3.4 Renewable energy in electricity production (%) d 

i3.5 Green energy share in transport (%) e 

ÅBiofuel blends 

ÅElectricity (with > 45% RE share) 

ÅSolar, wind, geothermal, 

bioenergy, hydropower 

ÅMean heat-flow density 
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i4.1 i4.2 i4.3 i4.4 i4.5

SDEWES Index ð Dimension 4 

Indicators: 

Main Data Sources:  
a Water Footprint Network and related sources 
b Global Water Quality Index (Srebotnjak et al.) 
c WHO Global Urban Ambient Air Pollution Database 
d Global Footprint Network; Baabou et al. (Mediterranean cities) 

Water Usage and 

Environmental Quality (D4) 
i4.1 Water consumption per capita (m3/year) a 

i4.2 Water quality index (/100) b 

ÅDissolved oxygen 

ÅpH level 

ÅConductivity 

ÅNitrogen 

ÅPhosphorous 

i4.3 Annual mean PM10 concentration (µg/m3) c ÅUrban monitoring stations 

i4.4 Ecological footprint per capita (gha) d 

i4.5 Biocapacity per capita (gha) d 

ÅNatural regenerative capacity 

ÅDemand for land across six categories 

Scope/Sub-Indicators: 

ÅWater footprint of  domestic 

blue water consumption 
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i5.1 i5.2 i5.3 i5.4 i5.5

SDEWES Index ð Dimension 5 

Indicators: 

Main Data Sources:  
a SEAP and statistical yearbooks 
b Sectoral reports, Peta 4.2 
c Airports Council International 

CO2 Emissions and 

Industrial Profile  (D5) 
i5.1 CO2 emissions of  buildings (t CO2) 

a 

i5.2 CO2 emissions of  transport (t CO2) 
a 

i5.3 Average CO2 intensity (t CO2/MWh) a 
ÅEnergy related CO2 emissions 

ÅWaste and wastewater treatment  

i5.4 Number of  CO2 intense industries b 

i5.5 Airport ACA level and measures c 

ÅMapping CO2 emissions 

ÅMitigation/optimization 

ÅRenewable energy measures 

ÅLandside/ground handling/airside 

ÅAirports < 150,000 PAX 

ÅEnergy intense industries 

included in EU ETS 

 Airport Carbon Accreditation (ACA) 

Scope/Sub-Indicators: 

ÅResidential buildings 

ÅTertiary buildings 

ÅMunicipal buildings 

ÅPrivate transport 

ÅPublic transport 

ÅMunicipal vehicle fleet 
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i6.1 i6.2 i6.3 i6.4 i6.5

SDEWES Index ð Dimension 6 

Indicators: 

Scope/Sub-Indicators: 

Main Data Sources:  
a Local/regional data, including Eurostat, Waste Atlas and WWTD database 
b OECD Metropolitan database, Climate Adaptation Platform, Protected Planet 
c World Bank/Eurostat d Gallop Survey e Eurostat/UNESCO 

Urban Planning and 

Social Welfare (D6) 
i6.1 Waste and wastewater management a 

ÅRecycling and compositing share 

ÅWaste generated per capita (kg) 

ÅWWTD compliance (BOD, COD, TSS) 

ÅCoverage of  wastewater treatment 

i6.2 Compact urban form and green spaces b ÅPopulation living in core area(s) 

ÅUrban sprawl index (%) 

ÅShare of  green area in urban area / 

share of  impermeable surface area 

ÅNumber and area of  protected 

reserves, RAMSAR, national parks i6.3 Gross domestic product per capita c 

i6.4 Inequality adjusted well-being  d 

i6.5 Tertiary education rate (%) e 

Å Attainment of  ISCED 5 and 6  

ÅCitizen satisfaction with daily experience 
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i7.1 i7.2 i7.3 i7.4 i7.5

SDEWES Index ð Dimension 7 

Indicators: 

Scope/Sub-Indicators: 

Main Data Sources:  
a JRC R&I Observatory/UNESCO 
b PatentScope 
c SciMago Institution Rankings 
d SciMago Country Rankings 
e SEAP/SECAP/Local plans 

R&D, Innovation and 

Sustainability Policy (D7) 
i7.1 R&D and innovation policy orientation a 

ÅR&D and innovation priorities 

ÅRelation to SEAP/SECAP/SUMP 

ÅGross expenditure on research and 

development (GERD)/ GDP 

i7.2 National patents in clean technologies b 

ÅY02 and Y04 coded patents 
(Building technologies, energy 

generation, transport, smart grid, 

carbon capture and storage) 

ÅShare in total national patents 

i7.3 Local public/private universities c 
ÅPublic/private universities/institutions 

ÅSCIMago top 1000 institutions * 

ÅConcentration in the city (%) 

i7.4 National h-index d 

i7.5 Reduction target for CO2 emissions c Å2020 CO2 reduction target 

Å2030, 2040 and 2050 

targets annualized to 2020 

ÅKnowledge production including sustainability  

* Based on research, innovation and societal factors 

 Weighted by inclusion in SCIMago 
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Quartile Performances of  the 120 Cities 

The synthesis of  data from 120 cities around the world metricates a common benchmarking opportunity 

The SDEWES Index Atlas 
ÅOrganized by quartiles in each dimension 

D1 (C1) > D1 (Cj ) 

What are the quartiles  

of  city performance? 

D5 (C1) < D5 (Cj ) 

ÅNormalized results* are mapped spatially 

* During the normalization process, winsorization is applied to any outliers in the dataset as identified based on higher order moments  
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i1.1 i1.2 i1.3 i1.4 i1.5

Energy Usage and Climate ð D1 

Indicators: 
Energy Usage and 

Climate (D1) 
i1.1 Energy usage of  buildings (MWh) 

i1.2 Energy usage of  transport (MWh) 

i1.3 Energy usage per capita (MWh/capita) 

i1.4 Total degree days (Days °C) 

 Weighted by average seasonal COP  

i1.5 Final to primary energy ratio (%)   

Average City Performance: 

Å7,976,131 MWh 

Å4,649,456 MWh 

Å14.89 MWh/capita 

Å70.9 % 

Å2,548 HDD 

Å1,776 CDD 

ÅCOPH=4.0, COPC=3.5 
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Quartile Performances in D1 

0 5 10 15 20 25 30 35 40 45 50

City D1 %æM City D1 %æM City D1 %æM 

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 -53.4 Christchurch 24.386 -31.2 Frankfurt  29.466 -16.9 

Nagoya  16.759 -52.7 Rome 24.958 -29.6 Birmingham 29.474 -16.8 

Washington D.C. 18.687 -47.3 Incheon 24.992 -29.5 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 -41.8 Istanbul 25.372 -28.4 Antwerp  29.779 -16.0 

Berlin  20.842 -41.2 São Paulo  25.543 -27.9 Rio de Janeiro  30.399 -14.2 

Paris  21.157 -40.3 Bogotá  27.452 -22.5 Budapest 30.624 -13.6 

Cologne  21.375 -39.7 Madrid  27.902 -21.3 Glasgow 30.897 -12.8 



Quartile Performances in D1 

0 5 10 15 20 25 30 35 40 45 50

City D1 %æM City D1 %æM City D1 %æM 

Sofia 30.995 -12.5 Milan  32.637 -7.9 Zaragoza  34.428 -2.9 

Belgrade 31.023 -12.5 Grenoble 32.657 -7.8 Pisa  34.460 -2.8 

Stockholm  31.151 -12.1 Vienna  32.677 -7.8 Sevilla 34.520 -2.6 

Dublin 31.803 -10.3 Nice 32.874 -7.2 Zagreb  34.569 -2.5 

Barcelona  31.842 -10.1 Sarajevo 33.194 -6.3 Porto 34.572 -2.4 

Bratislava 32.392 -8.6 Lisbon  33.307 -6.0 Lviv 34.609 -2.3 

Sydney 32.478 -8.4 Antalya 33.505 -5.5 Florence 34.788 -1.8 

Tallinn 32.552 -8.1 Burgas 33.879 -4.4 Bydgoszcz 34.994 -1.3 

Leuven 32.582 -8.1 Vila Nova de Gaia  34.145 -3.6 Bijeljina 35.052 -1.1 

Aalborg 32.613 -8.0 Bologna 34.404 -2.9 Genoa 35.362 -0.2 



Quartile Performances in D1 

0 5 10 15 20 25 30 35 40 45 50

City D1 %æM City D1 %æM City D1 %æM 

Thessaloniki 35.515 0.2 Valencia 36.350 2.6 Århus  36.839 4.0 

Venice 35.520 0.2 Maribor 36.367 2.6 Bilbao 36.914 4.2 

Ljubljana 35.587 0.4 Reykjavík 36.370 2.6 Heraklion 36.924 4.2 

Málaga  35.617 0.5 Turin 36.401 2.7 Patras 36.954 4.3 

Murcia 35.766 0.9 Helsinki  36.462 2.9 Bari 36.995 4.4 

Varna 35.790 1.0 Gdynia 36.473 2.9 Batna 37.271 5.2 

Naples 35.798 1.0 Volos 36.520 3.1 NiĢ 37.294 5.2 

Braga 35.997 1.6 Kranj 36.539 3.1 EskiĹehir TepebaĹĔ  37.341 5.4 

Copenhagen  36.272 2.4 Funchal 36.557 3.2 Ostrava  37.366 5.4 

Zenica 36.288 2.4 Pula  36.775 3.8 Dubrovnik  37.390 5.5 



Quartile Performances in D1 

0 5 10 15 20 25 30 35 40 45 50

City D1 %æM City D1 %æM City D1 %æM 

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 KarĹĔyaka 38.514 8.7 Cluj-Napoca 39.584 11.7 

Bursa Nilüfer 37.806 6.7 Espoo  38.568 8.8 Klagenfurt 39.852 12.5 

Pécs 38.027 7.3 Osijek 38.748 9.3 Bregenz 40.042 13.0 

Podgorica 38.072 7.4 Riga 38.886 9.7 Rijeka  40.086 13.1 

TimiἨoara 38.093 7.5 Vilnius 38.971 10.0 Karlovac  40.278 13.7 

Bucharest* 38.125 7.6 Zadar 39.186 10.6 BraἨov 40.368 13.9 

Izola 38.136 7.6 ConstanἪa 39.244 10.7 Salé 40.571 14.5 

Kalamariá 38.228 7.9 Sfax 39.483 11.4 Tirana 41.220 16.3 



Best Practice Examples from D1 

Tirana 

Karlovac 

Indicators D1 Value 

i1.1 436,863 

i1.2 126,081 

i1.3 10.21 

i1.4 1,160 

i1.5 80.3 

Indicators D1 Value 

i1.1 1,708,236 

i1.2 678,520 

i1.3 7.44 

i1.4 1,082 

i1.5 90.5 

i1.1 i1.2 i1.3 i1.4 i1.5

i1.1 i1.2 i1.3 i1.4 i1.5

Karlovac 

Tirana 

D1 

41.220 

D1 

40.278 

Å i1.2 reduced by 9.7% from 139,558 MWh with more 

than a 40% reduction in i1.1 from the baseline year 

Value 

MWh 

MWh 

MWh/capita 

- 

% 

. 
MWh 

MWh 

MWh/capita 

- 

% 

31 



i2.1 i2.2 i2.3 i2.4 i2.5

Penetration of  Energy and CO2 Saving Measures ð D2 

Indicators: 
Penetration of  Energy and 

CO2 Saving Measures (D2) 
i2.1 Action Plan for Energy and CO2 Emissions 

i2.2 Energy system characteristics 

i2.3 Energy savings in buildings 

i2.4 Density of  public transport network 

i2.5 Efficient public lighting armatures 

Average City Performance:  

Å1.9 / 2.0 

Å1.3 / 3.0 

Å1.4 / 2.0 

Å1.5 / 2.0 

Å2.6 / 5.0 Sub-indicators: 

ÅUrban rail: 0.12 km/km2 

Å7,828 daily ridership per km 

Sub-indicators: 

ÅHeat only district heating (1) 

ÅCHP-based district heating (2) 

ÅDevelopments for 4GDH (3) 

Å25%, 50% and 75% shares  
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0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D2 

City D2 %æM City D2 %æM City D2 %æM 

Istanbul 11.667 -63.0 Tirana 19.667 -37.6 Seferihisar 23.000 -27.0 

Johannesburg 13.667 -56.6 Bursa Nilüfer 20.667 -34.4 Karlovac  23.000 -27.0 

Cape Town 14.667 -53.4 Porto 20.667 -34.4 ConstanἪa 23.000 -27.0 

São Paulo  17.167 -45.5 Vila Nova de Gaia  20.667 -34.4 Belgrade 23.333 -25.9 

Rio de Janeiro  17.167 -45.5 Salé 20.667 -34.4 Izola 23.667 -24.9 

Bangalore  18.500 -41.3 Tianjin  21.833 -30.7 EskiĹehir TepebaĹĔ  23.667 -24.9 

Athens  18.667 -40.7 Zenica 22.000 -30.2 Kranj 24.000 -23.8 

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 25.333 -19.6 

Sfax 18.667 -40.7 Gdynia 22.000 -30.2 Celje 25.333 -19.6 



0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D2 

City D2 %æM City D2 %æM City D2 %æM 

Bilbao 26.000 -17.5 Ohrid 27.000 -14.3 Lviv 29.333 -6.9 

Florence 26.000 -17.5 Pisa  27.333 -13.2 Washington D.C. 29.333 -6.9 

Zadar 26.333 -16.4 Sarajevo 28.333 -10.1 Bregenz 29.667 -5.8 

Heraklion 26.333 -16.4 KarĹĔyaka 28.333 -10.1 Rijeka  29.667 -5.8 

Kalamariá 26.333 -16.4 Cluj-Napoca 28.333 -10.1 Dubrovnik  29.667 -5.8 

Bogotá  26.333 -16.4 Ostrava  28.333 -10.1 Pula  29.667 -5.8 

NiĢ 26.333 -16.4 Volos 28.667 -9.0 Patras 29.667 -5.8 

BraἨov 26.333 -16.4 Christchurch 29.000 -7.9 Antalya 30.333 -3.7 

Nitra 26.333 -16.4 Sevilla 29.333 -6.9 Bari 30.667 -2.6 

Murcia 26.333 -16.4 TimiἨoara 29.333 -6.9 Bornova 31.333 -0.5 



0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D2 

City D2 %æM City D2 %æM City D2 %æM 

Venice 31.667 0.5 Velenje 33.000 4.8 Sofia 36.000 14.3 

Varna 32.000 1.6 Klagenfurt 33.000 4.8 Bratislava 36.000 14.3 

Beijing  32.500 3.2 Osijek 34.000 7.9 Riga 36.000 14.3 

Málaga  32.667 3.7 Pécs 34.000 7.9 Thessaloniki 36.333 15.3 

Grenoble 32.667 3.7 Bologna 34.000 7.9 Reykjavík 36.333 15.3 

Antwerp  32.667 3.7 Aalborg 34.000 7.9 Leuven 37.333 18.5 

Dublin 32.667 3.7 Rome 34.667 10.1 Nagoya  38.000 20.6 

Vilnius 32.667 3.7 Valencia 34.667 10.1 Madrid  38.000 20.6 

Skopje 33.000 4.8 Nice 34.667 10.1 Sydney 38.333 21.7 

Burgas 33.000 4.8 Naples 35.000 11.1 Glasgow 39.333 24.9 



0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D2 

City D2 %æM City D2 %æM City D2 %æM 

Espoo  39.667 25.9 Gothenburg  42.667 35.4 Århus  46.000 46.0 

Maribor 39.667 25.9 Amsterdam  43.333 37.6 Barcelona  46.667 48.1 

Milan  40.000 27.0 Helsinki  43.333 37.6 Paris  46.667 48.1 

Warsaw  40.000 27.0 Zagreb  44.667 41.8 Vienna  46.667 48.1 

Ljubljana 40.667 29.1 Cologne  44.667 41.8 Budapest 46.667 48.1 

Tallinn 40.667 29.1 Frankfurt  44.667 41.8 Turin 46.667 48.1 

Genoa 41.667 32.3 Grand Lyon  44.667 41.8 Berlin  46.667 48.1 

Birmingham 41.667 32.3 Hamburg 44.667 41.8 London  46.667 48.1 

Incheon 42.667 35.4 Bucharest* 45.667 45.0 Stockholm  50.000 58.7 

Zaragoza  42.667 35.4 Lisbon  45.667 45.0 Copenhagen  50.000 58.7 



Best Practice Examples from D2 

Copenhagen 

Indicators D2 Value 

i2.1 2.0 

i2.2 2.0 

i2.3 2.0 

i2.4 5.0 

i2.5 2.0 

Indicators D2 Value 

i2.1 2.0 

i2.2 3.0 

i2.3 2.0 

i2.4 5.0 

i2.5 2.0 

Budapest 

i2.1 i2.2 i2.3 i2.4 i2.5

i2.1 i2.2 i2.3 i2.4 i2.5

Copenhagen 

Budapest 

D2 

50.000 

D2 

46.667 

ÅDistrict heating coverage is 98%  

ÅThe suburbs of  the city are renovated for 

low temperature district heating network 

ÅUrban rail density 0.37 km/km2 

ÅDaily ridership: 25,100 per km 
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i3.1 i3.2 i3.3 i3.4 i3.5

Renewable Energy Potential and Utilization ð D3 

Indicators: 
Renewable Energy Potential 

and Utilization (D3) 
i3.1 Solar energy potential (Wh/m2/day) 

i3.2 Wind energy potential (m/s) 

i3.3 Geothermal energy potential (mW/m 2 ) 

i3.4 Renewable energy in electricity production (%) 

i3.5 Green energy share in transport (%) 

Average City Performance: 

Å4535 Wh/m2/day 

Å4.7 m/s  

Å67 mW/m2  

Å3.53 % 

Å37.15 % 
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0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D3 

City D3 %æM City D3 %æM City D3 %æM 

Lviv 11.716 -45.3 Warsaw  16.319 -23.8 Turin 17.477 -18.4 

Tallinn 13.521 -36.9 Bologna 16.449 -23.2 Washington D.C. 17.579 -17.9 

Birmingham 14.588 -31.9 Beijing  16.522 -22.9 London  17.605 -17.8 

Tianjin  14.767 -31.1 Zenica 16.561 -22.7 BraἨov 17.673 -17.5 

Bydgoszcz 15.364 -28.3 Johannesburg 16.734 -21.9 Venice 17.709 -17.3 

Sarajevo 15.393 -28.1 TimiἨoara 16.814 -21.5 Kranj 17.717 -17.3 

Bangalore  15.692 -26.7 Batna 16.921 -21.0 Skopje 17.995 -16.0 

Bogotá  15.786 -26.3 Glasgow 17.065 -20.3 Ljubljana 18.098 -15.5 

Incheon 15.909 -25.7 Velenje 17.150 -19.9 Rijeka  18.125 -15.4 

Vilnius 16.005 -25.3 Maribor 17.177 -19.8 Izola 18.205 -15.0 



0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D3 

City D3 %æM City D3 %æM City D3 %æM 

Bilbao 18.356 -14.3 Belgrade 18.938 -11.6 Bijeljina 20.071 -6.3 

Berlin  18.406 -14.1 Celje 19.228 -10.2 Salé 20.140 -6.0 

Podgorica 18.538 -13.5 Kalamariá 19.254 -10.1 Espoo  20.650 -3.6 

Ohrid 18.544 -13.4 Dublin 19.350 -9.7 Hamburg 20.819 -2.8 

Milan  18.546 -13.4 Thessaloniki 19.448 -9.2 Pécs 20.842 -2.7 

Varna 18.552 -13.4 Paris  19.728 -7.9 Christchurch 20.947 -2.2 

Ostrava  18.755 -12.4 Zadar 19.841 -7.4 Amsterdam  20.952 -2.2 

Budapest 18.776 -12.4 Sofia 19.847 -7.4 Riga 21.287 -0.6 

Nagoya  18.840 -12.1 Cluj-Napoca 20.021 -6.5 Sfax 21.351 -0.3 

Gdynia 18.914 -11.7 Burgas 20.061 -6.4 Bursa Nilüfer 21.412 -0.05 



0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D3 

City D3 %æM City D3 %æM City D3 %æM 

Nitra 21.432 0.05 Genoa 22.180 3.5 Bucharest* 23.530 9.8 

NiĢ 21.490 0.3 Florence 22.380 4.1 Cape Town 23.539 9.9 

Antwerp  21.506 0.4 Grenoble 22.490 4.5 Rome 23.796 11.1 

Cologne  21.600 0.8 EskiĹehir TepebaĹĔ  22.822 5.0 Antalya 24.151 12.7 

Pula  21.631 1.0 Patras 22.863 6.5 Nice 24.218 13.1 

Naples 21.635 1.0 Karlovac  22.895 6.7 Málaga  24.450 14.1 

Istanbul 21.687 1.2 Leuven 22.925 6.9 Zagreb  24.620 14.9 

Bratislava 21.795 1.7 Sydney 22.931 7.0 Tirana 24.959 16.5 

Funchal 21.884 2.2 Zaragoza  23.139 7.0 Heraklion 25.018 16.8 

Frankfurt  22.026 2.8 ConstanἪa 23.328 7.9 Dubrovnik  25.084 17.1 



0 5 10 15 20 25 30 35 40 45 50

Quartile Performances in D3 

City D3 %æM City D3 %æM City D3 %æM 

Murcia 25.214 17.7 Braga 26.905 25.6 Bregenz 28.684 33.9 

Osijek 25.272 18.0 Aalborg 26.958 25.8 Gothenburg  29.294 36.8 

Grand Lyon  25.402 18.6 Copenhagen  27.069 26.4 Valencia 29.707 38.7 

Helsinki  26.055 21.6 Athens  27.139 26.7 Seferihisar 29.809 39.2 

Århus  26.056 21.6 Porto 27.932 30.4 Barcelona  30.480 42.3 

Madrid  26.115 21.9 Vienna  28.147 31.4 Lisbon  31.348 46.3 

Bari 26.254 22.6 Sevilla 28.344 32.3 Stockholm  31.500 47.0 

Klagenfurt 26.699 24.6 Vila Nova de Gaia  28.500 33.0 Reykjavík 32.076 49.7 

Pisa  26.852 25.3 Bornova 28.543 33.2 São Paulo  32.799 53.1 

Volos 26.901 25.6 KarĹĔyaka 28.627 33.6 Rio de Janeiro  34.494 61.0 



Best Practice Examples from D3 

Rio de Janeiro 

Reykjavík 

Indicators D3 Value 

i3.1 2640 

i3.2 8.0 

i3.3 310 

i3.4 100.00 

i3.5 2.50 

Indicators D3 Value 

i3.1 5910 

i3.2 4.1 

i3.3 56 

i3.4 81.19 

i3.5 17.87 

i3.1 i3.2 i3.3 i3.4 i3.5

i3.1 i3.2 i3.3 i3.4 i3.5

Rio de Janeiro 

Reykjavík 

D3 

34.494 

D3 

32.076 

ÅWinsorized value for i3.3 is 128 mW/m 2 

Å i3.4 improved from 73.86 % in 2015 (+9.9%) 

Value 

Wh/m2/day 

m/s 

mW/m2 

% 

% 

. 
Wh/m2/day 

m/s 

mW/m2 

% 

% 
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i4.1 i4.2 i4.3 i4.4 i4.5

Water Usage and Environmental Quality ð D4 

Indicators: 
Water Usage and 

Environmental Quality (D4) 
i4.1 Water consumption per capita (m3/ cap/year) 

i4.2 Water quality index (/100) 

i4.3 Annual mean PM10 concentration (µg/m3) 

i4.4 Ecological footprint per capita (gha/capita) 

i4.5 Biocapacity per capita (gha/capita) 

Average City Performance: 

Å9.8 m3/capita/year 

Å84.0 / 100 

Å30.7 µg/m3  

Å2.70 gha / capita  

Å4.30 gha / capita  
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Quartile Performances in D4 

0 5 10 15 20 25 30 35 40 45 50

City D4 %æM City D4 %æM City D4 %æM 

Batna 17.890 -40.4 Lviv 24.599 -18.0 Patras 26.764 -10.8 

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 -33.4 Leuven 25.351 -15.5 Bogotá  27.393 -8.7 

Incheon 21.172 -29.4 Nagoya  25.605 -14.7 Vienna  27.690 -7.7 

Washington D.C. 21.493 -28.4 Athens  25.932 -13.6 Bursa Nilüfer 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 -21.6 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 



Quartile Performances in D4 

0 5 10 15 20 25 30 35 40 45 50

City D4 %æM City D4 %æM City D4 %æM 

Sevilla 28.153 -6.2 Bari 28.693 -4.4 Nitra 29.220 -2.6 

Barcelona  28.208 -6.0 Bregenz 28.778 -4.1 Amsterdam  29.396 -2.0 

Venice 28.218 -5.9 Bologna 28.786 -4.1 Heraklion 29.587 -1.4 

Nice 28.382 -5.4 Pisa  28.839 -3.9 Bilbao 29.659 -1.1 

Paris  28.452 -5.2 Varna 28.875 -3.8 Madrid  29.786 -0.7 

Málaga  28.486 -5.1 Grand Lyon  28.948 -3.5 Thessaloniki 29.820 -0.6 

Murcia 28.605 -4.7 EskiĹehir TepebaĹĔ  28.978 -3.4 Kalamariá 29.820 -0.6 

Florence 28.606 -4.7 Genoa 29.083 -3.1 Bydgoszcz 29.869 -0.4 

Grenoble 28.624 -4.6 Bratislava 29.104 -3.0 Valencia 29.947 -0.2 

Naples 28.662 -4.5 Reykjavík 29.213 -2.6 ConstanἪa 29.976 -0.1 



Quartile Performances in D4 

0 5 10 15 20 25 30 35 40 45 50

City D4 %æM City D4 %æM City D4 %æM 

Frankfurt  30.030 0.1 Hamburg 30.903 3.0 Cluj-Napoca 31.511 5.0 

Zaragoza  30.073 0.2 Bucharest* 30.959 3.2 Osijek 31.530 5.1 

Sofia 30.115 0.4 Copenhagen  31.018 3.4 London  31.644 5.5 

Warsaw  30.137 0.4 Porto 31.122 3.7 Vila Nova de Gaia  31.723 5.7 

Cologne  30.376 1.2 Zagreb  31.191 4.0 Funchal 31.842 6.1 

Berlin  30.426 1.4 Celje 31.232 4.1 Århus  31.920 6.4 

Salé 30.476 1.6 Seferihisar 31.242 4.1 Ljubljana 31.976 6.6 

Tirana 30.779 2.6 Burgas 31.353 4.5 BraἨov 32.016 6.7 

KarĹĔyaka 30.879 2.9 TimiἨoara 31.421 4.7 Kranj 32.019 6.7 

Maribor 30.889 3.0 Aalborg 31.432 4.8 Bijeljina 32.380 7.9 



Quartile Performances in D4 

0 5 10 15 20 25 30 35 40 45 50

City D4 %æM City D4 %æM City D4 %æM 

Belgrade 32.402 8.0 NiĢ 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 33.509 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 12.5 Gothenburg  37.323 24.4 

Izola 32.780 9.3 Rijeka  33.950 13.2 Riga 37.363 24.5 

Glasgow 32.803 9.3 Podgorica 34.051 13.5 Rio de Janeiro  37.420 24.7 

Gdynia 32.896 9.6 Pula  34.645 15.5 São Paulo  39.594 32.0 

Braga 33.153 10.5 Zadar 34.724 15.7 Espoo  39.802 32.7 

Christchurch 33.188 10.6 Dubrovnik  35.053 16.8 Helsinki  39.802 32.7 



Best Practice Examples in D4 

Indicators D4 Value 

i4.1 9.7 

i4.2 90.4 

i4.3 12.66 

i4.4 3.77 

i4.5 2.97 

Indicators D4 Value 

i4.1 6.6 

i4.2 99.1 

i4.3 19.1 

i4.4 6.73 

i4.5 13.34 

Dubrovnik 

i4.1 i4.2 i4.3 i4.4 i4.5

i4.1 i4.2 i4.3 i4.4 i4.5

Helsinki  

Dubrovnik 

Helsinki  

D4 

39.802 

D4 

35.053 

ÅWinsorized value for i4.5 is 8.59 

Value 

m3/cap/year 

(/100) 

µg/m3 

gha 

gha 

. 
m3/cap/year 

(/100) 

µg/m3 

gha 

gha 
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i5.1 i5.2 i5.3 i5.4 i5.5

CO2 Emissions and Industrial Profile ð D5 

Indicators: 
CO2 Emissions and 

Industrial Profile  (D5) 
i5.1 CO2 emissions of  buildings (t CO2)

 

i5.2 CO2 emissions of  transport (t CO2)
 

i5.3 Average CO2 intensity (t CO2/MWh)  

i5.4 Number of  CO2 intense industries 

i5.5 Airport ACA level and measures 

 Airport Carbon Accreditation (ACA) 

Average City Performance:  

Å2,275,621 t CO2 

Å1,093,392 t CO2 

Å0.29 t CO2 / MWh  

Å1.4 / 6.0 

Å3.5 / 8.0 
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Quartile Performances in D5 

0 5 10 15 20 25 30 35 40 45 50

City D5 %æM City D5 %æM City D5 %æM 

Tianjin  1.667 -94.6 Rio de Janeiro  18.455 -40.3 Madrid  24.700 -20.1 

Beijing  1.903 -93.8 Istanbul 18.673 -39.6 Belgrade 24.741 -19.9 

Cape Town 6.476 -79.0 Cologne  19.043 -38.4 Ostrava  25.611 -17.1 

Nagoya  7.176 -76.8 Hamburg 19.764 -36.0 Sofia 25.619 -17.1 

Berlin  11.153 -63.9 Washington D.C. 20.417 -33.9 Genoa 25.823 -16.4 

Athens  11.269 -63.5 São Paulo  20.700 -33.0 Turin 26.198 -15.2 

Johannesburg 13.221 -57.2 Bogotá  21.008 -32.0 Tallinn 26.208 -15.2 

London  15.858 -48.7 Sydney 23.532 -23.8 Antalya 26.422 -14.5 

Warsaw  15.873 -48.6 Thessaloniki 24.576 -20.5 Frankfurt  26.947 -12.8 

Incheon 18.431 -40.3 Birmingham 24.589 -20.4 Bangalore  27.054 -12.4 


