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The context
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more than 50% of world population lives in cities

A. Humans need energy Humans live in Cities  Cities are the places of energy deman = If we solve the energy related
issuse in cities we solve at least half of the problem.

City dwellers use 3x more 
energy than Rural dwellers. 
Why?

Per capita Energy demand is higher in cities because: 
high standard of living, more income, access to technical energy
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• The New Urban Agenda presents a 
paradigm shift based on the science of 
cities

• It underlines the linkages between good 
urbanization and job creation, livelihood 
opportunities, and improved quality of 
life, which should be included in every 
urban renewal policy and strategy.

http://habitat3.org/the-new-urban-agenda/
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TEXT ONE COLUMN
Lid est laborum dolo rumes fugats untras. 

Lid est laborum dolo rumes fugats untras. Etharums ser quidem rerum facilis dolores nemis
omnis fugats vitaes nemo minima rerums unsers sadips amets. Sed ut perspiciatis unde omnis
iste natus error sit voluptatem accusantium doloremque laudantium, totam rem aperiam, eaque
ipsa quae ab illo inventore veritatis et quasi architecto beatae vitae dicta sunt explicabo. Nemo
enim ipsam voluptatem quia voluptas sit aspernatur aut odit aut fugit, sed quia consequuntur
magni dolores eos qui ratione voluptatem sequi nesciunt.

Lid est laborum dolo Etharums ser quidem rerum facilis dolores nemis omnis fugats vitaes nemo
minima rerums unsers sadips amets. Sed ut perspiciatis unde omnis iste natus error sit 
voluptatem accusantium doloremque laudantium.

B. Cities are inefficent in the use of energy. They can provide the same level of services with 50% of energy
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Urban planning can contribute to reduce 
energy demand/consumption by 50% in 
cities:
• what kind of economic activities take place; where and in what 

kind of buildings do people live; Climatic, geographic features...

• Which kind of infrastructure are in place and how they can be 
more efficient?

• How do people actually interact and behave? How does their 
behaviours result in energy consumption?

• How can we change the way resources flow, are converted and 
utilized in a city?



A. 
Definition of
Sustainable Energy 
(Planning) in Cities



SUSTAINABLE ENERGY (PLANNING) IN CITIES

- SUSTAINABLE DEVELOPMENT

- SUSTAINABLE CITIES

- SUSTAINABLE ENERGY

- SUSTANABLE ENERGY IN CITIES

- SUSTAINABLE ENERGY (PLANNING) IN CITIES

21



Sustainable development definition

• The most widely known definition of sustainable 
development comes from the Brundtland
Commission, which defined sustainable development 
as "development that meets the needs of the 
present without compromising the ability of future 
generations to meet their own needs.“

22

Source: Rees, William E. and Roseland, Mark. 1991. Sustainable Communities: Planning for 
the 21st Century. Plan Canada. 31: 3. 15.

SUSTAINABLE DEVELOPMENT



Is „Sustainable City“ an Oxymoron?

• Living in the city distances people both spatially and 
psychologically from the land that supports them

• Economic Production is Consumption 

• Cities can maintain themselves and grow by importing high-grade 
energy and material from their host environments and by 
exporting entropy (degraded energy and material) back into those 
environments

• How much productive land/water (ecosystem) area is required for 
the corresponding production?

23
Source: Rees, William E.(1997)'Is 'sustainable city' an Oxymoron?',Local Environment,2:3,303 — 310

SUSTAINABLE CITIES
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Energy Saving / Conservation

Energy 
Efficiency

Renewable
energy 

SUSTAINABLE ENERGY



SUSTAINABLE ENERGY in CITIES

Renewable energy

Energy Efficiency

Energy Conservation

Integration 



B. 
Sustainable energy
strategies applied to Cities
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Climate Strategies



28

URBAN WARMING in tropical and medium latitude cities

• diminished thermal comfort;

• increased cooling demand;

• increased energy demand for cooling systems;

Kwh = $  

Climate Strategies
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Modified from: Voogt J. 2006

Climate Strategies
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Climate Strategies

Albedo
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Strategies in buildings and districts morphology

Density

• Increasing Density 
• Appropriate building coverage
• Appropriate building mass porosity
• Appropriate surface to volume

Wind Porosity
Site CoverageSurface-to-Volume

Picture reference: http://www.plan4sustainabletravel.org



• Neighborhood size

• Preserving green 

coverage, natural features 

and open spaces

• Site selection for 

renewable energy 

resources generation & 

storage

• Ample solar exposure / 

orientation

Solar Exposure

Picture reference: http://www.plan4sustainabletravel.org

Strategies in buildings and districts morphology
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Diversity & Proximity

• Building function mix

• Land use mix

• Diversity of housing 

Picture reference: http://www.plan4sustainabletravel.org

Strategies in buildings and districts morphology



Strategies in buildings and districts morphology



Strategies in buildings and districts

35

Integration of smart 

energy solutions at 

district and building

scales

Source: EURAC



Strategies in buildings and districts

Energy certifications

Accessibi
lity

Building footprint size

Location Distance to city center



Strategies in buildings and districts

37
37

Consumption categories map



Strategies in buildings and districts

PASSIVE SOLUTIONS ACTIVE SOLUTIONS

1. Light weight 

ventilated facade

2. PCM insulation 

material

3. Aerating windows
1. ORC units

2. Ab/Adsorption 

chillers

Reduction of the energy demand (heating, 

cooling, electricity)

More efficient heating, cooling and electricity 

energy production

Biomass,  

Geothermal & Sun

Active and Passive solution packages 

for buildings



Strategies in buildings and districts

Large scale monitoring system and data aquisition

 Better building energy management

 Direct feedback to tenants

 Tenant awareness and participation
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Strategies in urban mobility / transportation

Accessibility Of Key Facilities

•Access to Existing Infrastructure and 
Services
•Access to Transport and Transit 
Systems

Picture reference: http://www.plan4sustainabletravel.org



Strategies in urban mobility / transportation

• Strategic Development 

Location

• Development inside urban 

boundaries

Development Site Location

Picture reference: http://www.plan4sustainabletravel.org



Strategies in urban mobility / transportation

Design Motorway width
Pedestrian & cycling facilities
Pedestrian and bicycle path 
design

Accessibility Parking plans and siting
Road density, Cul-de-sacs
Bus Rapid Transit routes
Pedestrian and cycling path

Development & 
Location

Strategic transport network
Transportation Oriented 
development



Strategies in urban mobility / transportation

Transport Oriented Development (TOD)

http://www.treehugger.com/urban-design/transit-oriented-development-key-better-cities.html



Strategies in urban mobility / transportation

Integration of EV and urban logistics

Source: EURAC
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Strategies in energy supply infrastructure 

• Anticipating land for renewable energy 
generation, distribution, and storage e.g. 
solar PV farms, DHC etc.

• Green Construction 
• Efficient supply of public and private space
• Efficient utilization of space
Energy Supply
• Joint infrastructure planning & delivery
• Electricity supply & distribution
• District heating & cooling
• Waste heat utilization
• Cogeneration systems
• Waste-to-energy systems
• Waste energy

Development



Strategies in energy supply infrastructure 

Energy efficiency / waste incineration / 

gassification
 Waste is for a large part not a renewable source

 But it is fuel which is already on sight and has to be disposed, 

therefore a thermal / electrical use in combination with a 

district heating and cooling or power production can be an 

efficient solution

46

Waste incineration plant in Bolzano Italy



Strategies in energy supply infrastructure 

47

District heating (and 

cooling) systems

Allows to transport 

centralized produced heat by 

cogeneration, renewables 

and or waste heat into city 

centres with a high urban 

density  

47

SEL – Ecotherm 

Outlook on the district heating and cooling system under 

construction in Bolzano



Strategies in energy supply infrastructure 

Photovoltaics integrated in buildings

48

SEL Solar Rimini, 

Rimini Fiera, 4,3 MWp



Strategies in energy supply infrastructure 

Solar Potential Calculation

49



Strategies in energy supply infrastructure 

Solar thermal systems

50Source: Eurac, PlanEnergi - Denmark



Strategies in energy supply infrastructure 

Biomass

• Wooden biomass can be used in 

different  stoves and kinds. In rural 

areas there is often a tradition to do so 

and store place is available



Strategies in energy supply infrastructure 

Deep geothermal  is usually used for power production ev. as well 

using the waste heat, shallow geothermal is used only for heating and 

cooling purposes 

52

Bundesverband Geothermie, conserve energy future

Geothermal energy



D. 
How to implement?



IMPLEMENTATION PROCESS

City Energy Plan process

Source: Sustainable Energy Handbook – UNEP 2012



IMPLEMENTATION PROCESS

i. Key stakeholders

• Local Government Authorities and Staff (city development planning, public 

works and general services, city engineers office, etc.)

• National and Regional Development Agencies

• Utilities (Fuel, Electricity, Water & Sanitation, Telecommunications)

• Real Estate Developers

• Business Community (industry, trade and commerce, service)

• Public Transport Operators

• NGOs/CBOs and Citizens Groups

• Citizens



IMPLEMENTATION PROCESS

ii. Challenges

Administrative Challenges

• e.g., fragmented responsibilities; split incentives, and conflicting interests of 

stakeholders; lack of mainstreamed energy and climate change in urban 

planning processes

Legal Challenges

• e.g., lack of updated and supportive laws and regulations for EE and RE 

initiatives; restrictive regulations

Policy Challenges

• e.g., missing local authorities support; changes in administration often translates 

to change in policies; lack of information & awareness on actual costs & benefits 

of energy related interventions

Social/behavioral Challenges

• e.g., lack of awareness of local communities, resistance towards changes in 

lifestyles and attitudes (inertia)

Technical & Financial Challenges

• e.g., not skilled/knowledgeable city planners & engineers for sustainable energy 

development; lack of financing for energy related initiatives



Policy tools for energy efficiency

 Efficiency standards for products (national aspect)

 Energy certification for buildings (voluntary and / or obligatory)

 Tax reduction for energy efficiency investments (national aspect)

 Financial support for energy efficiency investments

White certificate system (national aspect)

 Carbon tax

 Target setting / plan elaboration / monitoring

57

IMPLEMENTATION PROCESS



Policy tools for renewable heating and cooling

 Building standards / obligations (e.g. solar thermal 
obligation for all new residential buildings)

 Tax reduction for RES heating & cooling investments 
(national)

 Financial support for RES heating and cooling 
investments

 Carbon tax

 PPP’s for the realization of infrastructures

58

IMPLEMENTATION PROCESS



Policy tools for renewable electricity

 Feed in tariffs (national aspect)

 Connection priority / obligation for the grid operator (national 
aspect)

% target obligations for energy utilities (national aspect)

Green certificate system (national aspect)

 Accelerated procedures regarding permits and clarity in the 
bureaucracy process (e.g. one stop shop concept)

 Building codes for allowance / obligations for PV

59

IMPLEMENTATION PROCESS



E. 
New trends in 
implementation: the SMART 
CITY
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Eurac: 2016
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• SMART CITIES 1.0: TECHNOLOGY DRIVEN

63

• Smart Cities 1.0 is characterized by technology providers encouraging 
the adoption of their solutions to cities that were really not equipped 
to properly understand the implications of the technology solutions or 
how they may impact citizen quality of life.
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Why here?
Why this?

Citizens part of a larger efficient machine…
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Only about 5% of the original six square kilometer
building area has been developed.

Masdar City to become the world’s first green and 
net-zero energy in the world by 2016

Developers expected 50,000 permanent residents 
and 40,000 commuters

In 2016, there are only 300 permanent residents of 
Masdar City and 1700 commuters
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• SMART CITIES 2.0: TECHNOLOGY ENABLED, CITY-LED

66

• This phase has been led by cities, as opposed to technology providers. 
In this generation, the municipality–led by forward-thinking mayors 
and city administrators–takes the lead in helping determine what the 
future of their city is and what the role is for the deployment of smart 
technologies and other innovations.
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• SMART CITIES 3.0: CITIZEN CO-CREATION (COMMUNITIES?)

69

• smart cities are beginning to embrace citizen co-creation models for 
helping to drive the next generation of smarter cities

• A living lab is a research concept. A living lab is a user-centered, open-
innovation ecosystem, often operating in a territorial context, 
integrating concurrent research and innovation processes within a 
public-private-people partnership.

• The concept is based on a systematic user co-creation approach 
integrating research and innovation processes. These are integrated 
through the co-creation, exploration, experimentation and evaluation 
of innovative ideas, scenarios, concepts and related technological 
artefacts in real life use cases.
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E. 
How to finance?
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TEXT ONE COLUMN
Lid est laborum dolo rumes fugats untras. 

Lid est laborum dolo rumes fugats untras. Etharums ser quidem rerum facilis dolores nemis
omnis fugats vitaes nemo minima rerums unsers sadips amets. Sed ut perspiciatis unde omnis
iste natus error sit voluptatem accusantium doloremque laudantium, totam rem aperiam, eaque
ipsa quae ab illo inventore veritatis et quasi architecto beatae vitae dicta sunt explicabo. Nemo
enim ipsam voluptatem quia voluptas sit aspernatur aut odit aut fugit, sed quia consequuntur
magni dolores eos qui ratione voluptatem sequi nesciunt.

Lid est laborum dolo Etharums ser quidem rerum facilis dolores nemis omnis fugats vitaes nemo
minima rerums unsers sadips amets. Sed ut perspiciatis unde omnis iste natus error sit 
voluptatem accusantium doloremque laudantium.

B. Cities are inefficent in the use of energy. They can provide the same level of services with 50% of energy

• 66.4 Qadrilions of BTUs rejected

• Assuming a BTU average cost of 20$

1.328.000.000.000 $ wasted every year



7
4Source: International Energy Agency (2014)

ONE GOAL

SEVERAL                            

CO-BENEFITS

A co-benefit is any 

socio-economic and 

environmental positive 

effect related to the 

execution of a project, 

exceeding the primary 

goal, regardless if 

intentional or not.

ONE PROJECT



Source: http://www.powerpointninja.com/

MAIN GOALS

CO-BENEFITS

CO2 (tons) 

Energy (kWh)

……

……

……
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Smart and Sustainable Energy Development of Cities



Smart natural 

environment

Local air quality improved

Environmental resources management 

improved

Smart

services

Health and well-being of residents 

increased

Smart

community

Fuel poverty tackled

Users awareness on energy-related 

issues increased

Neighbourhood identity enhanced



Smart

governance

Innovation in processes 

and decision-making

Territorial attractiveness increased

Institutional relationship and networks 

created

Smart

economy

Local labour market stimulated

Positive change in local tax revenue

Softer loan conditions 

Local energy supply chain established

Energy services developed

Innovation in technology development 

and adoption

Professional skills development



Smart mobility 

& connectivity

Reduced pollutant emissions

Reduced numbers of veichels

Optimized and integrated transport 

system

Smart build 

environment

Property value increased

Costs reduction of buildings life cycle

Resilience of energy infrastructures 

increased
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