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What is EC-Link? 
 

Europe-China Eco cities link project (EC-LINK,) is a European Union 
founded project, a key element of the EU-China Partnership on 
Sustainable Urbanisation, which was signed by the European 
Commission and the Chinese government in May 2012.  

It aims to assist Chinese cities in implementing energy and resource-
efficient measures by sharing European citiesô experiences in sustainable 
urbanisation. Meanwhile, EC-Link has created a platform of experience 
for easy accessible exchange between Chinese and European cities on 
low carbon/eco city development issues.  

Enhancing communication and providing training to Chinese related 
organizations and itsô staff on policy making, giving technical advices on 
specific sustainable urban development projects will contribute a lot to 
China sustainable urbanization.  

EC-Link has produced Eco city toolboxes, a Knowledge platform and is 
organising city-to-city cooperation in the frame of City Network Unitsô 
activities (CNUs). CNUs activities are focussed on pilot actions 
implementation based on the joint work of Chinese and EU experts for a 
common objective, chosen in the frame of sustainable urbanisation issues.   

Our aim is to increase learning curve from European citiesô good 
examples & techniques, strategy and methods. These activities enhanced 
the communication between Chinese cities and European cities, which 
formed a solid base for the further cooperation.   http://eclink.org/en/ 
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Chinaôs Commitment to Mitigate Climate Change 

In 2015, China was one of the first Asian countries ï besides Japan and South Korea ï to 

come out strongly with a commitment to combat climate change, and to adapt to eventual 

future impacts.  

 

Context. With its population of about 1,300 million people, China is one of the worldôs major 

emitters of greenhouse gases (GHG), and at the same time it is also one of the most 

vulnerable countries to the negative impacts of climate change. 

 

Commitment. In preparation for the 2015 United Nations Climate Change Meeting (COP21) 

in Paris, the government of China has announced that its GHG emissions will peak in 2030. 

Equally, it is committed to reduce by 2030 by 60-65% the intensity of its carbon usage in 

relationship to its gross domestic product (GDP), compared to 2005 levels. It will take on the 

responsibility to increase substantially its forest cover, and will ensure that by 2030 some 20% 

of its energy requirements will be covered by renewable energy.  

 

Actions. The countryôs measures will include mitigation of its contributions to GHG emissions, 

and it will introduce adaptations measures to cope with negative impacts of climate change in 

food production, protection of its population, and in climate-proof infrastructure. China aims at 

biding climate change agreements under the COP21. The international community sees the 

proposed measures as ambitious but achievable. Since several years, China has started with 

low-carbon development. Today it is working towards a full-fledged program of green 

development of its economy.   

 
 
 

Eco-Cities and Climate Change    

Chinaôs activities to create eco-cities must be seen as part of its contributions to low-carbon 

development with aim to mitigate climate change. Among the various support mechanisms 

which exist, to support low-carbon development, the Ministry of Housing, and Urban-Rural 

Development (MoHURD), is being supported by the European Union (EU) through the 

Europe-China Eco-Cities Link Project (EC Link).  

 

Background.The main objective of the EC Link project is to serve as a support mechanism 

to the Ministry of Housing and Urban-Rural Development to implement its sustainable low-

carbon urbanisation agenda. The project will support the Ministry in 4 strategic areas:  

 

1) Demonstrate best approaches to implement low carbon solutions by introducing 

appropriate urban planning tools. Best practice low carbon planning will be identified in 

both Europe and China and made available nation-wide to municipal governments. 

Advanced planning tools will be deployed at the local level with the support of the project, 

with a view to refining proposed low-carbon planning models and to scaling them up across 

Chinese provinces.      

2) Serve as testing ground for innovations in specific low-carbon policies (e.g. energy 

performance labelling for buildings, intelligent transport systems, smart cities, GIS 
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planning tools, eco city labelling schemes) and technologies (in the 9 sectors selected by 

the project: compact urban development, clean energy, green buildings, green 

transportation, water management, solid waste treatment, urban renewal and 

revitalization, municipal financing, green industries).                                                 

 

3) Improve Chinese Municipalities' potential to finance low carbon solutions and notably their 

ability to attract private sector financing in the form of public private partnerships. The EC 

Link will support MoHURD to define innovative financial schemes, support feasibility 

studies and the formulation of finance and investment proposals, better coordinate and 

leverage investments undertaken by EU Member States, or to link projects to European 

financing institutions (e.g. European Investment Bank) and to European companies. 

 

4) Establish knowledge networks and test the functionality of the support mechanism by 

leveraging, scaling up, and integrating transformative actions supported by the policy and 

technology tools developed under the project. The Knowledge Platform will demonstrate 

how strategic objectives have been translated at local level and how results have been 

integrated at national level for the definition of long-term best practices. Results will be 

shared via training and capacity building at local level, and via the knowledge platform set-

up by the project at national and international level. 

 

The EC Link Position Papers. MoHURD and the EC Link Technical Assistance Team (TAT) 

have identified 9 specific sectors for the deployment of technology based tool boxes. In all of 

these, Europe has a lot of knowledge and best practice to contribute to support the deployment 

of these solutions in China. These 9 sectors include: 

 

¶ compact urban development,  

¶ clean energy,  

¶ green buildings,  

¶ green transportation,  

¶ water management,  

¶ solid waste treatment,  

¶ urban renewal and revitalization,  

¶ municipal financing,  

¶ green industries.  

 

MoHURDôs Department of Science and Technology, EC Linkôs direct counterpart, has issued 

targeted objectives for the deployment of policy, research and development and engineering 

agendas.  

 

Users and Target Groups of Position Papers. The EC Link Position Papers will be utilized by 

personnel of the cities which are covered by MoHURDôs eco-city programme. This covers 

technical and managerial staff of these cities. Additionally, at central government level, 

MoHURD and other ministries may also make use of these position papers for the purpose of 

staff training and briefing.  

 

Since these position papers are also going to be published in the EC Link website 

(www.eclink.org), also the general public is invited to make use of these position papers.      

http://www.eclink.org/
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Content of Position Papers  
 
Sector overview: The EC-Link position papers provide an overview of each thematic sector 
(compact urban development, clean energy, green buildings, green transportation, water 
management, solid waste treatment, urban renewal and revitalization, municipal financing, 
green industries). It begins with a state-of-the-art review of the sector, and presents sector 
challenges as development objectives.  
 
Sector policy analysis: As part of the sector overview, the EC-Link position papers provide 
sector policy analysis, and a comparison of EU and Chinese sector policies.  
 
Comparison of European and Chinese experiences: The comparison of real-life EU and 
Chinese project experiences are used to illustrate innovations and progress in the respective 
sector. Both for EU and Chinese cases, there is an overview of good practices, technologies 
and products, performance indicators, technical standards, verification methods, and lessons 
learnt from best eco-city practices.  
 
Tools:  This position paper contains three primary tools. Throughout the text of this position 
paper there are flags provided to point out these primary tools (Ą Tool CE 1, Ą Tool CE 2, Ą 
Tool CE 3). At the end of the position paper there is an Annex with short summary descriptions 
of these primary tools.    
 
 The primary tools for Clean Energy (CE) are: 
 

¶ ĄTool CE 1: Technology options for decentralized new energy supply.  

¶ ĄTool CE 2: Decentralised micro-grids. 

¶ ĄTool CE 3: Sustainable energy action plans (SEAPs). 

 
It is understood that these primary tools, do contain numerous secondary tools which cannot 
be elaborated in the context of this position paper.   
 

                                             
 
Position Paper - a living document: This position paper will be updated based on city-level 
real-life project experiences in the EC-Link pilot cities.   
 
Possible misconceptions: These position papers shall not be mistaken for ócook booksô, or 
óhow to doô-manuals like we know them from other subject fields (car repair, computer 
servicing, etc.). Urban development is too complex for such an approach.  
Upon request of MoHURD these position papers are addressing good practices and seek to 
provide tools for complex issues of green urban development.   
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DISCLAIMER 

The illustration of EC Link Position Papers was only possible through the use of a wide range 
of published materials, most of these available online. The position papersô authors have 
utilized illustrations which originate from internet sources, and these are reproduced here with 
proper citation and reference.  The use of these materials is solely for the purpose of 
knowledge sharing, without any commercial use or intentions.  
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Glossary of terms 

Carbon emissions Emissions of CO2 = greenhouse gas (GHG). 

Clean energy Energy generated from clean sources (hydro, wind, sea, earth 
heat, solar, bIo gas, methane gas, photo-voltaic, etc.). 

District heating (and 
cooling) 

Neighbourhood based heating (and/or cooling) stations which 
are more energy efficient than decentralized systems.  

Energy-efficiency Energy-efficiency describes the difference in performance of 
conventional carbon-based systems and new energy 
technologies (hydro, wind, sea, earth heat, solar, etc.). 
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1. THEMATIC BACKGROUND 

Carbon emissions. The major portion (81% in 2011) of the carbon emissions in Europe is 
related to energy use in residential buildings, transport, industry and other sectors and to 
energy transformation, while in China that proportion was 80% in 2011.1   In China, the 
generation of electricity and heat emitted approximately 40% of all carbon while in Europe it 
was 33%. In China, industries have been responsible for 23% of all emissions.   
   

The COP21 

 

Image: AFP  

Source: Gray, A. 2016. 5 Charts that explain the Paris Climate Agreement. World Economic Forum 4 November. 
https://www.weforum.org/agenda/2016/11/5-charts-that-explain-the-paris-climate-agreement/ 

 

                                                
1  According to World Resources Institute the GHG emissions 2011 (latest available overall numbers all in 
MtCO2equivalent) for EU 28 were 3688  for energy (including energy sector and energy use) of 4541 (total) and for 
China 8392 of 10552 (energy related ); http://cait.wri.org/ 

https://www.weforum.org/agenda/2016/11/5-charts-that-explain-the-paris-climate-agreement/
http://cait.wri.org/
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In Europe, transport and residential energy use emissions are much more important. The 
trends in China show that carbon impact of individual transport and higher living comfort are 
increasing, as do the respective energy use emission shares. 
Cities and carbon emissions. Energy use and related carbon emissions are concentrated in 
cities.  In China, cities concentrate energy uses and carbon emissions even more than 
population. 2  That makes urban energy a principle concern in low-carbon strategies, in 
particular for Chinaôs cities, and gives energy an outstanding position in the sustainable low-
carbon agenda of MoHURD. 

Chinese cities are carbon-intensive. One driving factor for higher energy use and carbon 
emissions in cities is the activity level, i.e. the higher degree of agglomeration of productive 
and consumptive activities in cities compared to rural areas.  Another factor is the location of 
power generation and energy intensive industrial production within cities, which is particularly 
frequent in China. This raises the relative carbon emission (measured per capita) intensity of 
Chinese cities compared to similar sized cities in other countries,3 where large power stations 
and basic industries are only exceptionally situated within major cities. But also building and 
transport energy use, and related carbon emissions in large Chinese cities are already on a 
similar level per capita compared to cities to Europe in similar climatic zones. 

 Content and Delineation of this Position Paper    

Urban carbon emissions. In the carbon statistics,4 the energy emissions are accounted 
where the CO2 and other green-house gas (GHG) emissions actually take place when energy 
is transformed. Thus, apart from the energy supplying industries, also the energy 
transformation GHG emissions of the energy use sectors are classified under the energy 
category, specifying (i) manufacturing and construction, (ii) transportation, and (iii) other fuel 
combustion including residential, commercial, public and other small sectors, 5  mainly in 
buildings. 
 
Towards low-carbon urban development. With respect to low-carbon urban development, 
manufacturing, construction, transportation, and buildings merit attention not only as source of 
GHG emissions from fossil fuel combustion but also as a user of secondary energy such as 
electricity, heat and cold, which are produced on-site or by the energy supply sector more or 
less carbon intensively. 6 
 
Scope of clean energy. Clean energy covers a wide scope including the energy use as well 
as the energy supply sectors according to the pervasiveness of energy and the energy-related 
GHG emissions. This is necessary to capture the comprehensive nature of urban low-carbon 

                                                
2  ñ The 35 largest cities in China, which contain 18% of the population, contribute 40% of China's energy uses and 
CO2 emissionsò,  S. Dhakal, Urban energy use and carbon emissions from cities in China and policy implications, 
in: Energy Policy, Volume 37, Issue 11, November 2009, Pages 4208ï4219,  
3 Industry and Power Dominate CO2 Emissions per Capita in Chinese Cities,  according to Wang X. et al, Low-
Carbon Cities in China: Characteristics, Roadmap, and Indicators, in: Baeumler, A., Ijjasz-Vasquez, E. , 
Mehndiratte, S. (Eds.). 2012. Sustainable Low-Carbon City Development in China, Directions in Development ï 
Countries and Regions. World Bank Washington DC 2012.  
4  The IPCC Common Reporting Framework used by the UNFCCC subsumes under Energy (Category 1) all energy 
transformation emissions from 5 subsectors (Category 1A), i.e. Energy Industries, Manufacturing & Construction, 
Transportation, Other Sectors (CO2 emissions) and Energy-other (CH4, N2O) as well as Fugitive Emissions 
(Category 1 B, from gas venting & flaring, pipelines, etc.) see IPCC. 1996. IPCC Guidelines for National Greenhouse 
Gas Inventories. Understanding the Common Reporting Framework. Available at http://www.ipcc - 
nggip.iges.or.jp/public/gl/guidelin/ch1ri.pdf 
5 In the energy statistics, the overall term for these sectors is Gross Final Energy Consumption. The energy 
transformation in the energy (supply) industry is reported in the transformation part of the energy statistics.  
6  Therefore, these three sectors are given particular attention in (other) EC Link position papers: Green 
Transportation, Green Buildings, and Green Industries. In addition specific position papers are also available for 
water management and sold waste management which is an important user of energy and also holds specific 
options for clean energy technologies for reducing GHG emission such as land-fill gas. 

http://www.ipcc/
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concepts, which follow the energy flows and include the energy use sectors. In addition, 
cleaner energy technologies are increasingly applied on site. Considering the energy 
interrelationships, cities have developed comprehensive low-carbon development concepts, 
covering all sectors which entail GHG emissions. In such a comprehensive approach, cities 
pull together all efforts related to reduce GHG emissions in a concerted and rational way. 
 
Overlap with other position papers. To avoid duplication, this position paper defers for 
details to the green transportation, buildings, industrial, water and waste management position 
papers, which delve deeper into the specific aspects and the respective low-carbon measures.  
 
Complexity of low-carbon development. Low-carbon options may be some of the low-
carbon urban energy solutions, e.g. district systems for thermal comfort and other thermal 
services, are complex and consists of several successive and interrelated elements (see 
Figure below). A district thermal system also involves numerous users within reach of the grid. 
To conceive such systems in which economies of coalition operate, an integrated community 
energy concept is required. Such integrated community concepts for thermal energy 
encompass many buildings and other users as well as various sources, and provides the 
information for making rational use of the multitude of clean energy options.  Clean options 
include efficient buildings, decentralized generation and storage, district grid and heat sources, 
for each of which there are technical alternatives with different economic, financial and 
environmental implications.  To be able to identify preferable options for the low-carbon 
agenda, many cities have taken an integrated perspective and developed a very detailed view 
and model of the thermal energy system, when districts or urban areas are rehabilitated or new 
urban developments are planned. 
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Figure 1: Delivery chain for thermal comfort service for the case of district heating 

 

 

Source: Chevron 
Note: blue arrow indicates the steps where clean energy technologies are applied; red illustrates the steps of 
building technologies. Energy efficiency principles apply along the whole chain.  

 
The recent rise of decentralized generation and mini grids for electricity is another example of 
the growing complexity and competing solutions in urban energy (decentralized and 
centralized) which are better understood and chosen on the basis of community concepts.  
 
Focus of Position Paper. This position paper obviously also needs to address individual clean 
energy technology and sources. It regards, however, the energy technology or source always 
as part of a delivery chain for a service, be it thermal comfort, food preparation, transport, 
processing of a product or other services for which energy is required.   
 
Summing up, this position paper addresses three levels of low-carbon clean energy concepts 
for cities: 
 

¶ comprehensive multi-sector urban energy / low-carbon concepts; 

¶ integrated community energy concepts; and 

¶ clean energy technologies and sources. 
 

Below explanations of these concepts starts from the detailed level of individual technologies 
and moves from upwards to city level technologies and approaches.  
 

  

Central 
transfor-
mation

ÅPoly-generation  (combined heat and power (CHP) stations, or combined heat 
cold and power [CCHP]),  heat pumps, solar thermal, geothermal, waste heat 
thermal storage

ehergy 
delivery

ÅDistrict thermal grid (steam, hot water, low temperature) 

ÅGas grid and electricity grid

Conversionn

/exchange

ÅThermal conversion (boiler, micro CHP) or  exchanger (delivered heat, heat 
pump, solar thermal) and storage 

Thermal 
Distribution

ÅHot water ( radiators, floor , ceiling)  or  air  temperature

Building
ÅOrientation and  Envelope (including passive solar) 

Service 
ÅThermal comfort (to be provided where and when needed) 
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Clean energy technologies, sources and options in the service delivery chain 
Definition. There is an official globally accepted definition of clean energy. In the framework 
of the urban sustainable low-carbon agenda, ñcleanò is understood as ñlow-carbonò.  Carbon 
emissions are also a good indicator for other air emissions, and therefore low-carbon also 
corresponds to low air emissions in general.   
 
Clean energy. Against this background, clean energy is the low-carbon subset of the energy 
technologies and sources. Of the many individual technologies and combinations which are 
employed to deliver energy services we consider those as clean energy, which are 
characterised by low-carbon emissions over the whole delivery chain. This delivery chain can 
be very long and involve all the steps from primary production and transport, central 
transformation, transmission and distribution to the end user, or short and involve only a 
decentralised provision of the respective energy service using ambient sources, or interim 
solutions. 

Terminology of low-carbon. Low-carbon is a relative term. Therefore, we consider as clean 
energy in addition to zero carbon technologies also those which reduce significantly the overall 
GHG emissions compared to the alternative of ¨Business as Usual¨ (BAU). If for instance the 
alternative of a combined heat and power (CHP) station, fired by biomass, is electricity from a 
coal fired power station and decentralised fossil-based heat generation, this CHP is considered 
low-carbon, i.e. clean energy.  
 
Clean energy technologies. In practical terms, we consider as clean energy all those 
technologies which reduce fossil fuel, combustion and GHG emissions7, making use of  

¶ renewable energy sources, including hydro, solar, wind, geothermal and bioenergy with 
exception of bioenergy which induces as much carbon emissions in the delivery chain 
as the main alternative fuel; but also 

¶ passive solar energy; 

¶ ambient energy, in particular with heat pumps; 

¶ land-fill and sewage gases; 

¶ solid waste (provided the combustion complies to low emission standards); and 

¶ waste heat.  ĄTool CE 1 
 
We also include poly-generation technologies (combined heat and power [CHP] and  combined 
heat cold and power [CCHP]),  even when fired by a fossil fuel with specific carbon emissions 
coefficients on the lower side such as natural gas,  provided that it replaces power and thermal 
energy from high emitting plants, and provided the overall carbon reduction is clearly positive. 
Poly-generation plants will become complementary cornerstones for energy systems with high 
renewable energy shares. Thus, district thermal (heating and/or cooling) systems are part of 
the clean energy technologies; provided they are they are fed from clean energy technologies. 
 
Energy efficiency. Energy efficiency is another category which fulfils the criteria, reducing 
carbon emission, that can be considered clean energy technology. Energy efficiency reduces 
energy input in relation to the respective output. Energy efficiency is rather a principle than a 
set of specific technologies and can be applied in all stages, technologies and processes of 
the energy use and supply chain which can be demonstrated also along the links.  
Reducing carbon emissions actually begins with fitting provision of an energy service exactly 
to requirement, provide thermal comfort where and when needed, and avoid squandering of 
heat. In transportation avoid travel when possible, possibly substitute it by communication.   
 

                                                
7 Sometimes Carbon Capture and Storage (CCS) is included under clean energy, although the carbon captured is 
stored and leakage is a risk. In any case, the CCS development however is stalled and it is basically a technology 
related to large power stations or energy production. This is not the focus of this position paper. For similar reasons, 
nuclear energy is not included in clean energy.   
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In some energy use sectors, it is possible to apply different modes for the service which 
involves very different energy intensities.  In transportation, shifting of modes from individual 
to mass transport or even to biking are very well established ways of reducing fossil energy 
consumption and related emissions. In thermal services of buildings, the choice of building 
types and density (urban morphology) can also be considered as a modal shift.  
 
The next area with many options for reducing final energy consumption is the sector specific 
technology which is incorporated in buildings (orientation, compactness and envelope), 
appliances, vehicles, industrial equipment and processes.  In other words, energy efficiency is 
an important feature of building technology, transportation technology, industrial process 
technology and other technologies which are not genuine energy technologies.8  
 
Transformations in energy needs. In-situ energy transformation technology needs to be 
conceptionally distinguished also. For example for thermal comfort, the options include a heat 
exchanger, a boiler, a heat pump, a solar water heater, micro-CHP or other technology.  In 
case of transportation the options include different engines which for electric vehicles involve 
charging stations and batteries. In case of industrial process heat larger boilers and 
cogeneration plants are the main choices. In the sense of low-carbon, all this energy 
transformation technology should become more efficient, or use non fossil energy.  
 
Energy supply. Next element upstream is the energy supply network, in case of thermal, gas 
and electricity actually in form of grids consisting of pipes and lines. In terms of low-carbon, 
the imperative is to reduce energy losses. The thermal or electrical energy lost in the grids 
would need to be produced, additionally causing respective additional CO2 and air emissions. 
In case of natural gas losses mean a release into the atmosphere of methane with high global 
warming potential (GWP). 
 
Energy generation. The next upstream step, the generation of thermal energy and electricity, 
is the effective step in the chain in terms of a low-carbon strategy.  Poly-generation is an 
efficient technology, and low-carbon if compared to separate fossil fuelled generation of heat 
and power. Here the choice of fuel is another key measure to reduce carbon emission, with 
natural gas emitting approximately less than half CO2 per unit energy generated than coal. In 
case of biomass the life cycle of the respective fuel must be considered for classifying it low-
carbon.  
 
Recently, local grids have become less unidirectional. In case of thermal grids, low-carbon 
sources have been added at different points and caused multidirectional flows. This is true for 
both, thermal and electricity grids and has allowed to incorporate clean energy technologies at 
the grid level. In case of thermal grids, solar water heaters, heat pumps, shallow geothermal 
sources may contribute, and in particular waste heat from industry or surplus from commercial 
users and buildings. In case of electricity, distributed generation situated at the consumer plant 
feeds into the grid. In some cases local micro-grids are established below the level of the 
customary low voltage distribution level.  
 
Poly-generation plants are situated within or near city boundaries to reduce capital intensive 
pipeline investment and energy  losses,  whereas power plants without extraction of thermal 
energy are only occasionally located within cities. ĄTool CE 1 
 
Renewable energy. However, in addition to the traditional hydro power, other renewable 
energy technologies on utility scale including wind and solar have become available also for 
energy generation to be fed into the medium voltage and even high voltage levels, and 

                                                
8 End-use energy efficiency which is achieved by building, transport, or industrial technology is rather addressed in 
the position papers of those sectors, although the delineation is not always strict and overlap is acceptable. 
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replacing fossil-generated electricity, at increasingly competitive conditions.  Worldwide, one 
is observing a rapid decline of the cost of renewable energy costs.9 
 

Solar Cost Hits World's New Low, Half the Price of Coal  

ñChile awarded a contract to sell solar power for $29.10 per megawatt hour (MWh), the 
lowest ever across the planet. This surpasses the record set in May of a $29.90 per MWh 
bid in Dubai for an 800 megawatt (MW) solar project. óThis is the lowest price ever seen, for 
any renewable technology,ô an analyst told Bloomberg. The low price is possible due to the 
rapid fall in cost of solar technology and the 12 MW solar plant's location in the ideal 
conditions of Chile's Atacama Desert.ò 

 
ACERA 

Source: Climate Nexus, 22 August 2016. http://www.ecowatch.com/solar-price-chile-1982242311.html; see also: 
Parkinson, G. 2016. Solar price hits record low of 2.42c/kWh, and may fall further. Theneweconomy. 20 
September. http://reneweconomy.com.au/2016/solar-price-hits-record-low-of-2-42ckwh-and-may-fall-further-
32358 

 
 
Going a step further, also energy storage technologies may be considered as part of clean 
energy technologies, above all since storage permits to bring more renewable energy into the 
system instead of dispatchable fossil fuel generated power or thermal energy. 10   
ĄTool CE 1 
 
  

                                                
9 See also: Abudheen  K. S. 2016. For the cost of an iPhone, you can now buy a wind turbine that can power an 
entire house for lifetime. http://educateinspirechange.org/nature/environment/cost-iphone-can-now-buy-wind-
turbine-can-power-entire-house-lifetime/ 
10  McGrath, M. 2016. Renewable energy surges to record levels around the world. 1 June 
2016.http://www.bbc.com/news/science-environment-36420750 

http://www.ecowatch.com/solar-price-chile-1982242311.html
http://reneweconomy.com.au/2016/solar-price-hits-record-low-of-2-42ckwh-and-may-fall-further-32358
http://reneweconomy.com.au/2016/solar-price-hits-record-low-of-2-42ckwh-and-may-fall-further-32358
http://reneweconomy.com.au/2016/solar-price-hits-record-low-of-2-42ckwh-and-may-fall-further-32358
http://educateinspirechange.org/nature/environment/cost-iphone-can-now-buy-wind-turbine-can-power-entire-house-lifetime/
http://educateinspirechange.org/nature/environment/cost-iphone-can-now-buy-wind-turbine-can-power-entire-house-lifetime/
http://www.bbc.com/news/science-environment-36420750
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Wind Energy ï An Example of Renewable Energy 

 
McGrath, M. 2016. Renewable energy surges to record levels around the world. 1 June 
2016.http://www.bbc.com/news/science-environment-36420750 
 
Availability and costs. In all these sectors, energy use and supply, the availability and cost 
of clean energy technologies has dramatically evolved and fallen respectively in recent years 
and continues. The most dramatic change has taken place in power generation, where solar 
power from photovoltaic technology is becoming competitive and offers the option of consumer 
site generation, i.e. inside urbanised areas.   
 
Sometimes carbon capture and storage (CCS) is also included under clean energy, although 
the carbon captured is not definitely removed, and leakage is a risk. In any case, it is basically 
a technology related to large power stations or energy production, not for cities. However, this 
is not the focus of this position paper. For similar reasons, nuclear energy is not addressed in 
this clean energy position paper.    
 

 

  

http://www.bbc.com/news/science-environment-36420750
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Integrated community (thermal) energy concepts 
Community-level energy. Integrated community energy concepts are information, planning 
and decision support tools for local energy systems. These are prepared for areas of a city 
(district, urban quarter) or towns at the occasion of rehabilitation of an existing quarter or for a 
new urbanization. 
 
Usually these concepts were established for the provision of thermal energy services within a 
defined boundary in order to capture the advantages of a joint concept, including the 
economies of coalition and the reduction of the number of stationary emissions sources, i.e. 
combustion of fossil fuels in the buildings.  
 

Modern district heating systems save money and CO2 

Today, 40% of the energy consumed in Europe is for heating. All this energy can become 
sustainable through modern district heating systems collecting waste heat from power plants 
and industry, and working at low temperatures which minimises the heat loss and integrates 
more sources of renewable energy. é [T]he heat currently being wasted in Europe could 
heat all of our buildings if it was collected in smart district heating grids. é 40% of our energy 
use currently consists of heating. All of this energy can become sustainable through modern 
district heating systems, which collect excess heat from combined heat and power (CHP) 
plants and industry and work at low temperatures, which decreases the heat waste and 
enables more renewable energy sources to be used. 

ñOur research shows that there is great potential for expanding the district heating grid in 
Europe by 30-50%, and the political will to make it happen is growing in our surrounding 
countries,ò says Brian Vad Mathiesen, Professor of Energy Planning at Aalborg University.  

In recent years, district heating has gained significant political focus in e.g. the EU, which 
gives the technology a prominent place in its new heating and cooling strategy. District 
heating has also become an important part of the [é]work to obtain climate and 
sustainability goals. 

Source: Modern district heating systems save money and CO2. State of Green. 11 October 2016. 
https://stateofgreen.com/en/profiles/aau/news/modern-district-heating-systems-save-money-and-
co2?utm_source=AddThis+subscriber+list&utm_campaign=ba38965e9d-
State+of+Green+Newsletter_newsletter&utm_medium=email&utm_term=0_3997cf0db9-ba38965e9d-
273120853 

 
 
Seasonal energy needs. Customarily in cities in winter cold regions, households or 
businesses used individual solid or liquid fuel fired boilers or even stoves for heating. An 
environmentally preferable but capital-intensive line-bound system such as district heating 
could only become economically and financially feasible with a high load factor, thus high 
demand density, which in turn requires to include in the system as many users as possible. 
This has led in market economies to some kind of prioritization, in cases where the joint supply 
by district thermal scheme looked economically favorable. Frequently cities have ordered a 
limitation of choice of competing systems, also citing clean air motives. Such urban 
development decisions needed a systemic comparison as a decision support tool, for which 
integrated urban thermal energy concepts were developed. 
 
Using GIS. These integrated concepts are modeled in great detail and the information is 
geographically referenced in geographical information systems (GIS). They use individual 
buildings (or even typified users) as basic unit, integrating demand along streets, blocks, or 
quarters according to information needs. Demand scenarios are elaborated, in particular for 
varying levels of energy efficiency in the building system and taking into account the user 
behavior, and appropriate alternative delivery chains are designed accordingly. The various 
options then are evaluated using ecological, economic, financial and also social criteria, for 

https://stateofgreen.com/en/profiles/aau/news/modern-district-heating-systems-save-money-and-co2?utm_source=AddThis+subscriber+list&utm_campaign=ba38965e9d-State+of+Green+Newsletter_newsletter&utm_medium=email&utm_term=0_3997cf0db9-ba38965e9d-273120853
https://stateofgreen.com/en/profiles/aau/news/modern-district-heating-systems-save-money-and-co2?utm_source=AddThis+subscriber+list&utm_campaign=ba38965e9d-State+of+Green+Newsletter_newsletter&utm_medium=email&utm_term=0_3997cf0db9-ba38965e9d-273120853
https://stateofgreen.com/en/profiles/aau/news/modern-district-heating-systems-save-money-and-co2?utm_source=AddThis+subscriber+list&utm_campaign=ba38965e9d-State+of+Green+Newsletter_newsletter&utm_medium=email&utm_term=0_3997cf0db9-ba38965e9d-273120853
https://stateofgreen.com/en/profiles/aau/news/modern-district-heating-systems-save-money-and-co2?utm_source=AddThis+subscriber+list&utm_campaign=ba38965e9d-State+of+Green+Newsletter_newsletter&utm_medium=email&utm_term=0_3997cf0db9-ba38965e9d-273120853
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information and decision making, depending on the competence and participation of the 
stakeholders.  
 
Schematically, such community thermal energy concepts include a multitude of delivery chains 
presented in the Figure below. These are interconnected by grids upstream and being fed by 
one or several sources (see good practices from Europe). 
 
Integrated community concepts. Integrated community concepts are designed for long-term 
implementation. Their time horizon of planning, therefore, corresponds to a development cycle 
of 10 to 15 years.   
 
With growing climate change concerns on the one hand and increasing technology choices on 
the other hand the integrated community concepts have become even more relevant, every 
time when a new urbanization is developed or an existing urban quarter is rehabilitated.  
 
More recently, with the rise of distributed power generation and enabled by information and 
communication technology (smart grids), such integrated concepts become relevant also for 
the design of local electricity systems. The decentralized generation offers clean energy 
contributions to the power supply, alternatives to central generation and possibly also grid 
configuration and cost.  Again, the advantages may be captured best when an integrated 
concept is developed and alternatives are analyzed systematically. 
 
Distributed renewable energy power generation, high building energy efficiency and ambient 
heat sources can be combined to new options of clean energy, at the building level but also at 
the local level, in particular new urbanizations. To realize such options, hybrid thermal and 
power energy concepts are being employed. 
 
Integrated energy concepts for communities may also include local transportation schemes 
and connections, as well as water and waste management and other local concerns.  
Objectives often include more than energy and environmental aspects and extend to socio-
economic aspects and quality of life in these communities. Such concepts resemble more and 
more comprehensive urban low-carbon concepts. 
 

Comprehensive multi sector urban low-carbon concepts 
Comprehensive concepts. Comprehensive urban low-carbon concepts encompass all urban 
activities which involve energy flows and entail (or reduce) carbon emissions. 
 
In addition to the thermal energy and the local electricity system of the residential, commercial 
and public energy use sectors, which are subjects of the integrated community concepts, the 
comprehensive concepts also address other energy uses namely transportation and industry 
and the whole energy industry sector, including supply from outside city boundaries. It also 
includes the water, waste water and solid waste sectors. For a city the water and sanitation 
sector is an important activity in several respect including carbon since it discharges GHG 
emissions and in particular methane gas, and municipal solid waste can become sources of 
energy. 
 
Strategy for comprehensive low-carbon urban energy. Below graph visualizes the most 
important sectors of a comprehensive low-carbon urban energy strategy. It is useful to 
distinguish:  

¶ Residential, public and commercial sectors with two subsectors (building and other 
energy services), including distributed generation; 

¶ Industrial energy sector, including auto-generation; 

¶ Transportation energy subsector; 

¶ Water, waste water and waste management sectors; and 
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¶ Energy supply sector, including electricity, heat and CHP plants (public plants as well 

as auto-producers), and refineries.  ĄTool CE 1 

 
It is important to consider the energy interrelations between the sectors.  Such strategies also 
include more generic urbanization aspects such as the density or compactness of urban 
development and urban renewal and revitalization, which have a strong impact on carbon 
emissions via the transport and building sectors. Many European cities have started to 
implement such comprehensive strategies (see below good practices from Europe). 
 
Figure 2: Conceptual Overview: Sectors of urban energy 

 
Source: Paul Suding, EC Link consultant 
 

 
Characteristics. These sectors may also be regarded as strata, or vertical layers of the urban 
energy system. In terms of planning this view connects to spatial conceptualisation in the 
planning and decision tools.  
 
Sectoral interrelations. Many interrelations between these sectors or strata exist, in particular 
between the energy utilities as suppliers of power and heat in particular and their relationship 
to the building energy strata (i.e. residential, commercial, and public users, and industry). 
Energy intensive industry traditionally includes auto-producers and has strong interchanges 
with grid operators and power sector, increasingly also with heat utilities. Gas or power 
generated from municipal waste may add energy supply for the use sectors.  
 
Interchanges between these strata currently grow also because of the rise of decentralised 
generation with renewable energy, and potential interconnections multiply. The current 
disruptive  change  in the electricity sector with high renewable energy shares seeks 
opportunities  for  storage or other flexibility solutions in use sectors, such as heat storage, 
storage in batteries of plug-in electric cars, and transformation to gas (power to gas) which can 
be stored or used in premium applications. Comprehensive concepts comprise the area of the 
whole administrative city and may include the wider metropolitan area.  
 
Comprehensive concepts usually have a longer time perspective (up to 30 years) than the 
integrated community concepts, but use intermediate milestones. They are less detailed than 
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the community concepts for parts of the city, but may incorporate these concrete concepts as 
implementation steps or measures. ĄTool CE 1 

 
Clean energy approaches and packages 

1. Thermal energy services in residential, commercial or public buildings: heating 
and cooling; hot water   
 

Characteristics: 

¶ Provision of thermal energy services adds up to significant energy demand, and causes 
significant carbon emissions. Energy requirements depend on indoor thermal comfort purposes 
in cold climate zones (heating),  as well as in hot summer climate zones (cooling);  

¶ Mayor fossil energy combustion and carbon emissions, locally felt at the end user level; or 
indirectly in the form of power, heating or co-generation plants;  

¶ Service demand is scattered over the city, with varying density according to building and activity 
concentration; 

¶ Energy demand depends on behaviour of users; 

¶ Need for active energy input (delivered energy commodities) can be reduced significantly by 
passive building technologies, including orientation, compactness, insulation and natural  
ventilation, which reduce energy requirements.   

 
Clean energy technologies: 
Clean energy technologies and sources, alternatively or in combination. Once energy demand is 
reduced by smart building technologies, the demand may be met by following low-carbon 
technologies:   

¶ decentralised internal systems:  
o heat pumps, geothermal, solar thermal water heaters;   
o high efficiency boilers for solid biomass, biogas,  bio liquids, co-firing with fossil fuels,  
o decentralised cogeneration (micro CHP);   
o use of accessory electricity, generated again by clean technologies including 

photovoltaics; 
o highly efficient  devices and small air conditioning units specifically for small cooling 

seasonal demand, generated by clean technologies;  

¶ grid connected external systems, involving or supplied by  
o heat exchangers,  possibly heat storage on the building level; 
o chillers, gas-fired absorption or electric compressed-vapour, both supplied from local 

neighbourhood combined heat and power (CHP) or combined heat, cold and power 
(CCHP) (bioenergy or fossil co-firing);  

o waste heat;  
o central district energy network  supplied from district CHP plants; or  

¶ small efficient gas or electricity systems required for cooking and hot water in laundry and 
other cleaning purposes.  
 

2. Other energy services in the residential, commercial and public sector buildings: 
light, communication and information, operation of pumps for water and air circulation 
and also include food preservation, dishwashing and laundry, food conservation and 
preparation, hygiene, laundry and other cleaning, dishwashing. 

 

Characteristics: 

¶ various cleaning purposes; 
o electricity demand reduced by building technologies (daylight), by energy 

efficiency of appliances, natural lighting, or by user behavior; 
o conventionally remaining electricity supply;  

¶ the low voltage grid, clean energy rather through the way electricity is produced;  
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Clean energy:   

¶ Clean energy produced within or outside city;  

¶ Distributed energy generation at neighbourhood level (local or mini grid; virtual 
power plants);  

¶ Renewables or poly-generation on-site; storage by electricity consumers 
(prosumer),  in particular energy from solar photovoltaic rooftops, and wind 
energy. 

 

3.  Industrial energy: stationary and concentrated high energy use and transformation in 
designated urban areas.  

 

Characteristics:  

¶ Heavy industries: very  energy and carbon emission intensive, using steam  and other forms of 
process heat; 

¶ Transformation in situ;   

¶ Use of fuels or electricity in the process of energy generation;  

¶ Punctiform concentration and point source of emissions  

¶ Location dependent on urban land use planning and zoning;    

¶ Opportunities for heat and process heat to interact with district heating and cooling supply, but 
also interactive lines in medium and high voltage. 

 
Clean energy:  

¶ industry cogeneration; 

¶ may generate more energy than used or at other times so integration into heat, steam, gas  or 
power grid; 

¶ technologies: energy and resources efficiency in the process, heat recovery, poly-generation. 

 

4. The transportation energy: small non-stationary energy services, provided on big scale 
for mobility, and the fuel for power loading stations. 

 
Characteristics: 

¶ Quantity of these services add up to significant energy demand; 

¶ Energy use and emissions are all over the city (and beyond), but tank fuelling or battery loading 
is stationary. 

¶ Air emission policy may require a spatial concentration of transport modes, but carbon emission 
issues do not require this;  

¶ Mobility provided with different energy intensity, from zero in case non-motorized transit (walking 
and bicycling), low intensity in mass transit to high intensity (individual car-based transport). This 
emphasized the need for green transport and compact urban development highly relevant 
reduction of energy related carbon emissions in cities;  

¶ Energy use and emissions can be reduced by energy-efficiency of specific equipment or motors; 
and also by behaviour, which in turn can be influenced by transport policy.  

 
Clean energy: 

¶ Technologies include electro-mobility, in particular if power is provided from renewables; 

¶ Intraïurban rail transit  which is mostly electric; bus transit (electric, or bio-gas powered); electric 
cars;  

¶ For plug-in electro-mobility loading stations are necessary, which need provisions from the city 
and power grid.  

¶ Required opportunities to store electricity in batteries and help balance demand and variable 
renewable energy supply. 

 
Other clean energy technologies:  

¶ Blended fuel (ethanol/gasoline); 
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¶ Biogas, bio-gasoline, and biodiesel, provided that the delivery chain and life cycle is low-carbon 
(and not competing against food and fodder production); intermediate technology is natural gas;  

¶ Low-carbon fuels from coal (coal to liquid or gas); and 

¶ Fuel cell or hydrogen technology.   

5. Urban infrastructure services: water management, waste water and municipal waste, 
street lighting 

 
Characteristics:  

¶ services as energy users: water pumping, distribution networks; 

¶ services as energy producers: waste water treatment gas, used for internal purposes or for 
external users (residential users, transport).  

 
Clean energy:  

¶ bioenergy from waste water in treatment plants; biogas used as such or transformed to electricity 
in situ; 

¶ municipal solid waste: heat and power from incinerators; 

¶ landfill gas capture; and 

¶ small solar applications in lighting of streets, parking areas, parking meters. 

 

6:  Energy utilities and central energy transformation   
 
Characteristics:  

¶ Highly concentrated punctiform energy transformation; 

¶ Point sources of emissions, important for local emissions, but not important for carbon emissions; 

¶ Cogeneration of heat products or cooling.  
 

Clean energy technologies: 

¶ Centralised and connected to distribution grids through middle or high voltage lines;   

¶ Cogeneration (poly-generation): combined heat and power (CHP) or combined heat, cold and 
power (CCHP);   

¶ In case of bioenergy fired utilities, or biomass co-firing to fossil fuel, natural gas is preferable. 
Note: bioenergy is  storable, transportable; 

¶ Concentrated solar power technologies, in particular parabolic through thermal technology  
providing heat and power; 

¶ Hydropower or geothermal as non-variable renewable energy options for power depending on 
resources availability in or near the urban area; 

¶ Onshore wind energy;  

¶ Offshore wind energy; 

¶ Tidal, wave and ocean energy for coastal cities:  variable renewable energy options depending 
on resources availability in the respective city); 

¶ Solar photovoltaic in central solar parks;  

¶ Natural gas, blended with biogas;  

¶ Future applications of power-to-heat, power-to-gas, to make use of surplus renewable energy 
power during low load; use of central power storage facilities. Synchronisation of demand and 
renewable energy supply may lead to power-to-heat or power-to-gas options. 
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 Role of municipality and other stakeholders, policy options and 

financing 

Stakeholders and urban clean energy project organisation  
The concrete configuration of the urban energy systems are the result of a myriad of past 
decisions by many actors in each case. In order to redirect and implement the development 
towards a future sustainable low-carbon system several groups of stakeholders must interact.  
 
The stakeholders groups are characterised by different levels of ability of decision making and 
different responsibilities. The distinction between private and public organizations is of highest 
importance, particularly with regard to social and economic responsibility:11 

¶ The political leadership, legislators and administration of the respective authority: 
depending on the location include regional, metropolitan, municipal or lower district 
authorities; or departments of public administration, i.e. environmental, energy, urban 
planning, housing, infrastructure, public spaces, etc.  

¶ Funding and information agencies: public funding organizations and energy agencies, 
maintained entirely or partly by national, state/provincial or local governments.  These 
organisations usually work with the local authorities. 

¶ Energy supply, including energy service organisations (ESCO) and energy management 
companies: these may be municipal, private and mixed ownership companies; usually, 
the municipal owned utilities are more directly controlled by the public authorities.  

¶ Water and waste management, transport organisations: public or private companies. 

¶ End users and auto-producers, and associations:  industry, commerce, residential; 
owners, tenants, employees, and facility managers. 

¶ Developers and building owners: housing companies, social housing associations, other 
private or public developers.  

 

¶ Design and consultancy: urban planning (and architectural) firms, transport engineering 
companies, technical consultancy firms, or universities, usually contracted to contribute 
their subject matter expertise.   

 

ĄTool CE 1 

  

                                                
11       cf. IEA_ ECBCS Annex 51  - Subtask A: Descriptions of state- of-the-art energy efficiency projects on the 
level of neighborhoods ; Koch, A., Kersting J., EIFER Karlsruhe 2011, pp 66 
http://www.annex51.org/media/content/files/casestudies/subtaskA/SubA_report_120405.pdf  IEA ECBCS Annex 
51 ï Subtask ; also  Immendoerfer , A. Winkelmann M. , Stelzer V. , The Institute for Technology Assessment and 
Systems Analysis (ITAS),  Solutions for Smart Cities and Communities - Recommendations for Policy Makers from 
the 58 Pilots of the CONCERTO Initiative; Concerto Premium;  Karlsruhe Institute of Technology ; European Union. 
2014. http://concerto.eu/concerto/images/library/concerto_publications/2014- 
01_concerto_premium_recommendations_for_policy_makers_final.pdf 
 

http://www.annex51.org/media/content/files/casestudies/subtaskA/SubA_report_120405.pdf
http://concerto.eu/concerto/images/library/concerto_publications/2014-%2001_concerto_premium_recommendations_for_policy_makers_final.pdf
http://concerto.eu/concerto/images/library/concerto_publications/2014-%2001_concerto_premium_recommendations_for_policy_makers_final.pdf
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Institutions, organizational structure, process organization and participation 
mechanisms 
A deliberate effort to develop and implement a clean energy concept requires a specific project 
organisation, led by the authority and involving the stakeholders concerned.  
 
For the institution concept there are numerous options. Energy operators can be created with 
their own legal status and rules, own budget governance, and a formalised participation of 
stakeholders and hired management. Alternatively there can be temporary project 
organisations (non-institutionalised), with a professional project management and voluntary 
participation of stakeholders (non-formalised).  

 
Organisational structures may include governing board, steering council, consultation groups, 
project management, technical support structures, and contracted consultants.  

In the process, classic steps and specific mechanisms include: 

¶ Preparation and decision making phase:  objective setting, strategy formulation, 
establishment of targets,  definition of  delivery trajectory and  tasks and operational 
mechanisms, business plan formulation, guidelines for safeguards, mechanisms for 
stakeholder and customer consultations; 

¶ Implementation phase: concrete projects need their own organisations, possibly a 
public-private partnership body; tendering and award of concession to an existing or new 
organisation; 

¶ monitoring and supervision: review of performance, and continuous improvements and 
adjustments where necessary;12 and 

¶ Information sharing:  Internal training, external training and dissemination.  
 

Financing of project preparation and implementation by projects  
In the context of EU cities, comprehensive energy concepts are usually financed by city 
budgets, with possible contributions from regional and national programs. However, there is 
scope for participation from utilities and the energy industry in general. Within the sector there 
exist many public-private participation modalities.  In the case of integrated land development 
projects, new districts or neighbourhoods, creation of energy utilities can be achieved through 
mixed financing, for instance through private investors with vested interest in a specific area 
development. The provision of public infrastructure can be supplied by the utility companies. 
Private developers may prefinance municipal facilities, as well as commercial and housing 
investments.  

 

Public Private Partnerships for Renewable Energy Investments 

Historically, PPP programs and frameworks have been focused on projects of national 
importance, which are politically riveting as well as, oftentimes, costly ï involving central 
government agencies to assume liabilities or giving guarantees. 
 
By comparison, PPPs at the municipal level tend to be less splashy, smaller projects that 
quietly improve citizensô daily lives: better street lighting, improved parking, clean markets, 
and bus shelters that keep commuters out of the rain. While these projects may not capture 
national attention, they are worthwhile infrastructure.  

                                                
12 For environmental monitoring, real time (GIS supported) data disclosure is going to be utilized in future for public 
data sharing (i.e. citizensô information) like in air quality data. This is expected to also to be extended to other 
environmental sectors like the water sector (for instance water bodies, rivers, lakes etc.) and waste water 
management.  
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¶ Street lighting energy-saving agreements that give the private partner a share of 

savings on a municipalityôs energy bill for street lighting in return for improved and well 

maintained street lighting. 

¶ Car parks and on-street parking schemes, where a provider is given a share of 

revenues in return for building and maintaining the car park on municipal lands and 

operating fare collection. 

¶ Solar panels on local or state government buildings that allow the developer to 

generate and sell power to a government off-taker or into the grid with some benefit to 

the government agency. These projects need careful crafting as there are often a 

number of public agencies involved, including state or even national-level utilities. 

¶ Bus stations where the developer follows municipal specifications for layout as well as 

developing space for other commercial revenue-generating activities. 

Source: Chao, J. (Delmon, V. R.) 2016. A tale ofé cities. https://blogs.worldbank.org/ppps/tale-cities 

 

 Competence and Policy Options   

Energy policy is widely considered a national responsibility and competence, but cities do have 
many options to influence energy development in their sphere of authority, within the national 
framework and the competences of provinces or regions.  Depending on the status and role of 
cities in different countries, cities wield varying influence over their energy systems.  

 

Policy mechanisms.  
The policy mechanisms available to cities may be categorized as follows: 

Target setting 

¶ Regulatory schemes, including spatial and urban planning, contractual agreements, 
building regulation, standards and labeling, organization of local markets; including 
penalties; 

¶ Incentive schemes, in particular financial incentives such as tax reductions, tax credit, soft 
loans, capital investment support, or operating grants and subsidies, feed-in tariffs; but 
also other incentives; cities may be intermediates for investment financing, including 
guarantees; 

¶ Rules that affect use and operation of clean energy equipment , including municipal 
assets, such as low-carbon buildings, decentralized facilities for clean energy generation, 
or a low-carbon vehicle fleet; 

¶ Voluntary actions by agencies and government serving as a role model, promoter and / or 
facilitator of innovations; and 

¶ Capacity development including awareness building, knowledge and information sharing, 
capacity building, training, awards, and demonstration projects.  

There are numerous innovative policies to be found.13  
 
Policy objectives  
Quality of life objective. In view of the pervasiveness of energy services, use and 
transformation in all productive and consumptive activities, even leisure, energy development 
objectives  relate closely to general urban development goals, in particular in the longer term.  
On the vision level, objectives like quality of life, attractiveness, and economic competitiveness, 

                                                
13 For an overview of municipal RE policies and examples see  REN21, Institute for Sustainable Energy Policies 
(ISEP), ICLEI; Global Status Report on Local Renewable Energy Policies,  A Collaborative Report, Working draft 
2011; http://www.ren21.net/Portals/0/documents/Resources/REN21_Local_Renewables_Policies_2011.pdf 

https://ppp.worldbank.org/public-private-partnership/energy-efficient-street-lighting-ppps
https://ppp.worldbank.org/public-private-partnership/municipal-parking
https://ppp.worldbank.org/public-private-partnership/government-solar-roof-top-projects
https://ppp.worldbank.org/public-private-partnership/bus-shelters-stations-and-terminals
https://blogs.worldbank.org/ppps/tale-cities
http://www.ren21.net/Portals/0/documents/Resources/REN21_Local_Renewables_Policies_2011.pdf
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quality of the environment, healthiness, and even social cohesion are set to frame the cityôs 
future energy system into the overall vision for the respective city. More generally formulated, 
sustainable energy development is seen as a part of economic, environmental, social and even 
political sustainability of the city.  

Low-carbon development as objective. Although carbon emissions are not felt on the local 
level, cities all over the world have embraced low-carbon as a long term objective, with strong 
implications for the energy system.  Cities do so being committed and wanting to lead in taking 
on responsibilities in climate change mitigation, in view of the concentration of energy 
transactions and emissions caused by urban activities. In addition, low-carbon associates well 
with other urban development objectives. Carbon emissions correlate to locally felt air 
emissions such as SO2, NOx and particles. Although there are specific means to reduce each 
of these, the general principle is, that reduction of GHG emissions (i) can only be achieved 
through systemic change; and (ii) brings reduction of other emissions as well, even noise 
emissions. Additionally, carbon capture and the reduction of carbon in the atmosphere can be 
done through CO2 photosynthesis of the flora. Thus, the global objective of maintaining carbon 
concentration below certain limits associates well with maintaining green areas for quality of 
life and also for biodiversity in cities. Also ógreennessô bodes well with modernity, new 
technologies, high tech, and lifestyle. Finally, low-carbon constitutes a quite operational 
objective, since it can be measured by a scientific indicator (GHG emissions), it can be scaled 
over time, even attributed to sectors of sources or causes (i.e. energy services)  which can be 
provided with value chains, i.e. energy technologies and sources of extremely different carbon 
intensity.  

Energy efficiency as cross-cutting dimension. Instead or in addition to the low-carbon objective, 
cities choose energy efficiency, low energy intensity, low or zero fossil energy use, and certain 
renewable energy objectives. These objectives are generally in line with the low-carbon idea 
and correspond similarly to other objectives, in particular local atmospheric emissions.14 These 
objectives, however, do not need a justification from the angle of global climate change 
mitigation, but may be justified by the developmental interests of cities. 

Classic objectives in the energy sector remain permanently important and include the two 
groups:  

¶ availability, sufficiency and security of energy supply; and 

¶ Cost efficiency, price of energy, competitiveness, energy budgets and affordability which 
are economic and financial concerns depending on the standpoint (overall energy system; 
city administration concerns; interests of industrial, commercial or residential users).  

 

Need to balance objectives. Cities must not lose sight of these objectives and solve potential 
conflicts with other ambitious objectives within their strategy and in cooperation with concerned 
stakeholders. Thus, these aspects may be considered more like boundary conditions to be 
observed rather than objectives. 

Cost of energy. With respect to the economic and financial implications, it is important to note, 
that the price of the energy commodity (electricity, gas or oil products) is not any more as 
important, when energy services are provided at very low energy input. The cost of the 
respective energy service is increasingly determined by capital cost, when highly efficient, 
renewable or other distributed generation technologies are applied. 

Decentralized systems. These new more decentralized clean energy systems require a more 
qualified local workforce and intelligence in construction, engineering and operations 
Therefore, qualified local job creation and business development become objectives in energy 
concepts. In addition, smarter management systems require higher education levels, 

                                                
14  Peng, X. Low-Carbon Electricity for Cities, in: Baeumler, A., Ijjasz.Vasquez, E., Mehndiratte, S. (Eds.). 2012. 
Sustainable Low-Carbon City Development in China, Directions in Development ï Countries and Regions. World 
Bank. Washington. pp. 131-146. 
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innovation and research, and therefore, could influence curricular changes in local capacity 
building and research institutions. 

Developing and implementing a clean energy concept strengthens local energy institutions, 
and improves the quality of municipal services, both short and medium term objectives. 

 

 Spatial and temporal resolution of urban energy concepts   

Changing urban energy concepts. Obviously, changing the energy system and exploiting the 
clean energy potentials in a city needs time, in particular in an existing built environment, due 
to the technologies locked-in the capital stock of infrastructure, buildings, and industrial and 
power plants. Even when implemented in a smaller new greenfield development, the full 
implementation takes as long as new quarter is completed and the clean energy system 
operates. The transformation of the energy system of a whole city to clean energy is a matter 
of decades. ĄTool CE 1 

 

Planning for clean energy. Correspondingly, planning horizons for a clean energy concept are 
set: Very long term, i.e. three to four decades for the completion of transformation of a complex 
city, medium term, i.e. approximately one decade for a greenfield or rehabilitation area within 
a district. Since a clean energy concept for a whole city also consists of many clean energy 
concepts within, a comprehensive city concept requires also medium and shorter term 
intermediate planning terms.  The intermediate terms and milestones are also important to 
define, they need to be monitored to measure the overall progress. ĄTool CE 1 

Establishing city-level energy objectives. Cities formulate vision-type objectives for the very 
long term, with measurable indicators. The vision is the end point of the strategy and provides 
an orientation for the urban development as a whole and includes clean energy prominently, if 
low-carbon is determined as a key element of a cityôs vision. ĄTool CE 1 

Tangible targets. The objectives for the shorter term are much more concrete and tangible. In 
part, they are milestones on the path to the longer term vision, but they also are subdivisions 
described quantitatively with indicators and add up logically to the milestone at a determined 
point in time. To a large extent, they include concrete objectives for focal areas of the city and 
specific projects. ĄTool CE 1 

The objective system is embedded in a strategy, which again is more concrete for the shorter 
term. 

 

 Information and decision support  

Analysis, forecasts and modeling    
Situational analysis. A clean energy concept obviously needs a baseline study, an inventory 
of the situation, level of use, mix of energy sources, and the respective carbon emissions. The 
energy statistic of the city, if existing, would be a starting point. This top down view should be 
shored up by a bottom-up approach starting from service demand and patterns of use by 
sectors - buildings (residential, commercial, public), transport, and industry.  An analysis 
should be performed which relates it to the driving  factors such as population, income, 
economic structure, energy prices, urban form, built environment, climate conditions, and the 
availability of supply. Additionally important is a description, analysis, and diagnosis of the 
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energy sector itself and other utilities. Developing a profile and understanding the composite 
parts are the initial steps of sustainable urban energy planning.15 

Vision formulation. The long term clean energy vision needs forecasting, in order to check 
feasibility, at least a general scenario forecast. This can be based on the abovementioned 
analysis of the existing system, the driving factors and trends in particular long term urban 
development. Between these two poles (baseline study and long term vision) and in terms of 
specificity, there are many options for the information and decision support from planning, 
again depending on the scope and time horizon of the energy concept.  

Energy concept. A concrete greenfield or rehabilitation project obviously needs a concrete 
energy concept, exploring clean energy alternatives early on in the planning process (pre-
feasibility level), and when project becomes concrete (feasibility study level).   

A longer term energy concept for a complex area like a city needs alternative scenarios, taking 
into account potential different developments in the external factors. Once a robust vision is 
formulated, the forecasted situation, say for 2050, can be backcasted through intermediate 
steps to the actual situation. Thus a set of key indicators can be defined over time from the 
baseline to the vision. For the short and medium term concrete planning is appropriate.  

Short-term plan. For short and medium term concrete planning, modeling is applied, modeling 
the objects within the area.16    

Planning and respective modeling should be geo-referenced at least for those parts of the 
system, where local density of demand and local availability of energy sources play a role in 
the clean energy design, and when the conducting of the potential energy sources involves 
significant cost.  These two factors, density and distance are cost factors, and important in 
particular for financial and economic analysis, and optimization.  

Localisation of information is also important for other criteria, in particular local emissions, and 
transport issues also need localized (i.e. geo-referenced) considerations. Thus, already plain 
information and in particular simulation of urban development and choices in clean energy and 
transport and other are greatly enhanced by geo-referenced data.   

Demand analysis. Therefore, it has become common to model the urban heating energy 
systems including the demand for the heating services, the current heating and energy supply 
systems. Modeling is used to project future demand based on the urban development plans. It 
takes into account changes in building technology, supply options, cost, emissions and other 
parameters. These maps have various levels of resolution: by apartment unit, building, block, 
or neighborhood, depending on the questions to be answered.  

Efficiency for decentralized systems. Recent technology and cost developments in 
decentralized electricity generation, in particular from renewable energy, modified electricity  
demand patterns. Efficient applications, heat pumps, cooling systems, and the use of 
information and communication technology have led to radical changes in the configuration of 
low voltage electricity systems. This does affect also the higher voltage systems, in particular, 
where clean energy generation technologies feed into the medium voltage grid. These 
developments may make it worthwhile, to also create geo-referenced planning of the urban 
electricity system. This should be far more detailed than the usual electricity grid planning, 
which assumed a demand profile on the level of the distribution substation. In the future, with 
renewable energy feed-in, storage and other flexibility technologies, changes of the demand 
patterns at the end-user level will stimulate the creation of mini grids and smart grid technology. 
The local electricity system will become more important. Thus, a geo-referenced energy plan, 
on a resolution level of utility clients (or addresses) may become useful for the management 

                                                
15 Asian Development Bank. 2015. Green City Development Tool Kit, Manila. 

http://www.adb.org/sites/default/files/institutional-document/173693/green-city-dev-toolkit.pdf 
16 A research based overview of integrated urban energy planning overview  with some examples is provided in 
Keirstead, J.  Shah, N. (Editors). 2013. Urban Energy Systems: An Integrated Approach Paperback. Earthscan. 
London. see also http://www.imperial.ac.uk/people/j.keirstead 

http://www.adb.org/sites/default/files/institutional-document/173693/green-city-dev-toolkit.pdf
http://www.imperial.ac.uk/people/j.keirstead
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of a low voltage electricity system in the city.  In view of the many interlinkages of the electricity 
with the heating and cooling system, geo-referenced hybrid or comprehensive energy plans 
are becoming relevant.  ĄTool CE 1, ĄTool CE 2 

Mapping supply of heating energy. In the heating energy maps, industry and power plants 
figure rather as sources of heat supply. 

Transport-related needs. Transport planning is considered in heating and cooling energy, and 
in electricity planning since roads are the main arteries for the heat, cold, gas and electricity 
conducts.  When local emissions (CO2, NOx and particulates) are a main concern, geo-
referenced emissions cadastres from traffic as well as from stationary sources (all kinds of 
combustion boilers or engines) are key information, and provide instruments for decision 
making, jointly with emission data at various points in the city. 

 

Modeling Tools and Software 
Planning at different levels. For urban energy planning, information and decision support 
many computational data processing tools and specific software have been developed. These 
may be applied for a building, for a defined area (high demand density), for an administrative 
district, or the whole city.  
 
For large projects, custom-made models are designed and run by the research institutes or 
engineering consultants involved. In developing these models, standard software is applied. 
 
The varying features of the tools include data and information of various disciplines: 
engineering, energy flow, and energy potential, economic, environmental and other data. The 
functional features of the tools may be information, interactive, simulation, or optimization.  
Optimization may operate according to one-dimensional objectives, e.g. minimal cost, under 
boundary conditions (e.g. a ceiling of carbon emissions), or allow multi-objective optimization.  

Optimisation. Optimisation models deliver a description of the energy system integrating its 
technical, economic and environmental aspects. Usually both demand and supply side 
descriptions are included in the models. The resulting equilibrium system is then optimised 
towards a target function using mathematical approaches such as linear programming. Often 
the total costs of the system are used in objective function. Considering the technical 
description, optimisation models are usually designed as bottom-up approaches using detailed 
descriptions of technical components of the system.  

In order to draw a realistic picture of the energy system, optimisation models include a number 
of additional or boundary conditions such as the availability of technologies. The definition of 
the boundary is of vital importance for the relevance of the modelling results, as is their 
documentation to the transparency of the overall modelling process.  

Simulation. Simulation models usually apply a bottom-up approach to describe the energy 
system by adding single processes to process chains or networks. While optimisation models 
tend to focus on the cost function, simulation models are often applied to quantify the technical 
or techno-economic potential for energy savings or emission reductions. In the detailed 
description of simulation models expert knowledge replaces the mechanistic approach 
pursued by optimisation models. Technical measures can be discussed on a detailed level. In 
both cases, simulation as well as optimisation models, the quality and transparent 
documentation of the expert knowledge as the equivalent of the bounds can prove to be a main 
factor determining the modelôs quality. 
 
Depending on the questions and tasks, geo-referenced or summarizing tools may be applied.  
In large projects, different models and tools are combined, depending on the tasks and the 
scale of assessment. Detailed building simulation tools are used with other models 
representing the wider context in the assessment. 
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Summarizing or top down information does not need specific modelling, but may be done using 
standard software such as excel. Some excel based tools have been developed, which offer a 
user interface which allows simple simulations of main factors in a city in order to calculate 
overall impacts of variations on key indicators, e.g. for GHG emissions.  
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2. DEVELOPMENT OBJECTIVES  

From vision to action. As discussed  above, on the long term urban vision level, long term 
objectives like quality of life, attractiveness, economic competitiveness, quality of the 
environment, healthiness, even social cohesion are relevant to set a cityôs energy framework. 
17 
 
Acting locally ï for global impact. Although carbon emissions are not felt on the local level, 
cities all over the world have embraced low-carbon as a long term objective, for its own 
importance but also for its correspondence to many other objectives and for its practical 
operationally.  Instead or in addition to the low-carbon objective, cities choose energy 
efficiency, low energy intensity, low or zero fossil energy use, and high renewable energy 
objectives. For the medium term, i.e. a decade or more, the low-carbon and energy intensity, 
renewable energy share objectives can be scaled as milestones. 
 
Medium-term goals are more ambitious. More concrete, mid-term objectives may relate to 
the completion of  specific clean energy area projects, renewable energy demonstration 
objects, implementation of clean energy in key or high profile urban projects, distributed 
generation and mini-grids, integration of clean energy in smart city concepts, network of  
electric car charging stations and similar smart technologies.  Whether these are new 
greenfield or rehabilitation projects depends on the priorities of the respective city. In the 
medium-term, energy goals also affect job creation and business development.  
 

Germany publishes 30-year climate change strategy 

The final version of the German Environment Ministryôs Climate Action Plan has 
been published. 18 

However, ñenvironmental organisations have responded to a government proposal to 
decarbonise the economy with outrage.19 They say the Climate Action Plan 2050 will fall 
well short of meeting climate targets, and accuse the environment ministry of caving in to 
pressure from the economics ministry and Angela Merkelôs Chancellery to water down 
ambitious plans and drop important details, like a deadline for the coal exit. But concrete 
targets included in previous drafts have been removed, prompting the Green Party to 
describe the document as an ñadmission of government failureò. The Climate Action Plan 
was announced at the Paris Climate Summit as a framework for how Germany was to 
reach its goal of cutting greenhouse gas emissions by 80 to 95 percent by 2050. 

Germany is already struggling to meet its 2020 climate targets, and is under additional 
pressure after Chancellor Angela Merkel repeatedly said she would make climate policy a 
priority of Germanyôs G20 presidency next year. 

The environment ministryôs final version of the plan is still to be coordinated with other 
ministries. But critics say it had already been watered down under pressure from Sigmar 
Gabrielôs Ministry for Economic Affairs and Energy, which insisted on the omission of a 
date for the coal exit. 

                                                
17 International Energy Agency (IEA). 2016. Energy Technology perspectives 2016 ï Towards Sustainable Urban 
Energy Systems ï Executive Summary. Paris. 
http://www.iea.org/publications/freepublications/publication/EnergyTechnologyPerspectives2016_ExecutiveSumm
ary_EnglishVersion.pdf 
18 BMUB. 2016. German Climate Change Action Plan 2050. Berlin.  
19 Wettengel, J., and Amelang, S. 2016. German ministry avoids concrete targets in weakened Climate Action Plan. 
China Dialogue 16 September. https://chinadialogue.net/article/show/single/en/9250-German-ministry-avoids-
concrete-targets-in-weakened-Climate-Action-
Plan?utm_source=Chinadialogue+Update&utm_campaign=2700860e40-
A_B_TEST_dam_rhino&utm_medium=email&utm_term=0_5db8c84b96-2700860e40-46656729 

http://www.iea.org/publications/freepublications/publication/EnergyTechnologyPerspectives2016_ExecutiveSummary_EnglishVersion.pdf
http://www.iea.org/publications/freepublications/publication/EnergyTechnologyPerspectives2016_ExecutiveSummary_EnglishVersion.pdf
https://chinadialogue.net/authors/2581-Julian-Wettengel
https://chinadialogue.net/authors/2584-S-ren-Amelang
https://chinadialogue.net/article/show/single/en/9250-German-ministry-avoids-concrete-targets-in-weakened-Climate-Action-Plan?utm_source=Chinadialogue+Update&utm_campaign=2700860e40-A_B_TEST_dam_rhino&utm_medium=email&utm_term=0_5db8c84b96-2700860e40-46656729
https://chinadialogue.net/article/show/single/en/9250-German-ministry-avoids-concrete-targets-in-weakened-Climate-Action-Plan?utm_source=Chinadialogue+Update&utm_campaign=2700860e40-A_B_TEST_dam_rhino&utm_medium=email&utm_term=0_5db8c84b96-2700860e40-46656729
https://chinadialogue.net/article/show/single/en/9250-German-ministry-avoids-concrete-targets-in-weakened-Climate-Action-Plan?utm_source=Chinadialogue+Update&utm_campaign=2700860e40-A_B_TEST_dam_rhino&utm_medium=email&utm_term=0_5db8c84b96-2700860e40-46656729
https://chinadialogue.net/article/show/single/en/9250-German-ministry-avoids-concrete-targets-in-weakened-Climate-Action-Plan?utm_source=Chinadialogue+Update&utm_campaign=2700860e40-A_B_TEST_dam_rhino&utm_medium=email&utm_term=0_5db8c84b96-2700860e40-46656729
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Environment minister Barbara Hendricks said Merkelôs Chancellery asked for further 
changes to the plan. ñI have accepted these amendments to avoid further delays to the 
necessary discussions within the federal government,ò Hendricks said in a statement 
posted on the ministryôs website. But the Green Party and environmental organisations said 
the Climate Action Plan has lost all power as a blueprint for decarbonising Germany.ò 

Source: Germany publishes 30-year climate change strategy. factorco2.com.09 September 2016.  
http://www.factorco2.com/en/germany-publishes-30-year-climate-change-strategy/new/468 

 
Short-term plans are the ñlower-hanging fruitsò. In the shorter term, say in 3 to 5 years the 
targets within a comprehensive long term projects may be related to laying the groundwork 
and have the strategy ready, and start the first implementation steps. 
 
In addition the clean energy concept may have reached a number of concrete agreements with 
developers, industry and energy sector stakeholders on projects, including whole areas, new 
plants, plant closure, fuel switching, interconnections and use of waste heat, etc.  As energy 
efficiency targets or compacts are established in the short term, and supply contracts are 
adjusted, short-term green energy supply targets are included. Low hanging fruits, i.e. actions 
and projects which are identified in the analysis as quick wins, are already harvested. 
 

How To Accelerate Energy Efficiency 

 

http://www.factorco2.com/en/germany-publishes-30-year-climate-change-strategy/new/468
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Source: https://www.carbontrust.com/news/2016/11/infographic-how-to-accelerate-energy-efficiency/ 

 

óThe latest United Nations report on energy-efficiency technologies20 shows that low-carbon 
technologies apparently aid clean air, save water and cut land use, and could reduce 25 billion 
tonnes of greenhouse gas emissions and 17 million tonnes of particulates a year. ñWe are on 
the right track. We know that cleaning up the air we breathe gives rise to huge benefits to both 
human and environmental health, and we know, too, that low-carbon energy efficiency 
technologies can help us reduce damaging climate changeò ó 21 

  

                                                
20  UNEP. 2017. Green Technology Choices: The Environmental and Resource Implications of Low-Carbon 
Technologies. 
https://wedocs.unep.org/bitstream/handle/20.500.11822/20761/green_technology_choices.pdf?sequence=1&isAll
owed=y 
21  UN report assesses óhuge benefitsô and challenges of green energy revolution. 15 May 2017. 
http://www.factorco2.com/en/un-report-assesses-huge-benefits-and-challenges-of-green-energy-
revolution/new/1394 

https://www.carbontrust.com/news/2016/11/infographic-how-to-accelerate-energy-efficiency/
https://wedocs.unep.org/bitstream/handle/20.500.11822/20761/green_technology_choices.pdf?sequence=1&isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/20761/green_technology_choices.pdf?sequence=1&isAllowed=y
http://www.factorco2.com/en/un-report-assesses-huge-benefits-and-challenges-of-green-energy-revolution/new/1394
http://www.factorco2.com/en/un-report-assesses-huge-benefits-and-challenges-of-green-energy-revolution/new/1394
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3. KEY ISSUES --- KEY CONCEPTS 

Key issues to be addressed Key concepts recommended 

Attractiveness; quality of life 
 
Emissions and air quality  
 
Public health 
 
Climate change; carbon emissions;  
 

Energy services with low active energy input 
 
energy efficient building, appliances, 
transport and industrial technologies   
 
Retrofitting  
 
Re cycling  of energy and materials  
 

Sufficient energy  
 
Security of supply  
 
Cost efficiency; Price and affordability, 
energy poverty  
 
competitiveness 
 
Technology & innovation 
 
Capacity and job markets 
 
Revitalisation and upgrade of urban districts 
Connectivity  
 
 

urban planning ; integrated energy planning 
Life cycle analysis 
 
Low-carbon energy, Renewable energy  
 
Poly -generation (combined cold,  heat and 
power-CCHP) 
 
waste energy  
 
distributed generation  
 
Local coalitions of users and producers 
(Mini-grids) = Prosumers 
 
upstream grid integration; grid 
reconfiguration and  Smart grids 
 
Regional low-carbon energy and flexibility 
markets 
 
Transport electrification 
 

 Performance-based financial incentives 
 

 Climate change mitigation 
 

 International trading schemes 
  

 GHG inventory  
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4. PERSPECTIVES FROM EUROPE 

 Sector Context and Policy Analysis 

Importance of clean energy technologies 

The growth of renewables. Wind, solar, biomass and other renewable energy technologies 
grow rapidly in the EU. According to European Energy Agency (EEA) approximate estimates, 
the EU-wide share of renewables in gross final energy consumption continued to increase from 
14.1% in 2012 to 14.9% in 2013 from 8.5% in 2005.22  Overall statistics of the share of other 
clean energy technologies are not available. A rough calculation based on the percentage of 
CHP in power generation - approximately 12%23 and CHP derived heat (48 Million tons of oil 
equivalent -Mtoe) according to EUROSTAT24  - would represent another 8% clean energy, 
which may be regarded as an estimate on the higher side. The total of clean energy 
technologies in the EU has been estimated at 20% in 2012. ĄTool CE 1 

50% of EU Residents Could Be Generating Their Own Renewable Energy by 2050 

ñA people-powered energy revolutionðan era in which people can produce their own 
electricityðis possible, and could happen soon, according to a new report released Monday 
by the environmental group Friends of the Earth Europe (FOEE). 

 

birgstockphoto.com 

The report, ñThe Potential of Energy Citizens in the European Unionò, finds that over half the 
residents of the EU could be generating their own renewable electricity by 2050. That's 264 
million "energy citizens" meeting 45 percent of the region's energy demand through a 
democratized, citizen-owned system that allows people to be the operators of their own 
utilitiesðtaking power away, in more ways than one, from a market monopolized by large 
corporations. "[People] have the power to revolutionize Europe's energy system, reclaiming 
power from big energy companies, and putting the planet first. We need to enshrine the right 

                                                
22 European Environment Agency (EEA). 2015. Renewable energy in Europe ï approximated recent growth and 
knock-on effects. Technical report 01/2015. Luxembourg.  www.eea.europa.eu/publications  
23 Kiss, C. ,  Update on cogeneration in Europe, A view from the COGEN Europe National Associations;  
, http://www.endseurope.com/docs/130419a.pdf 
24  EUROSTAT; http://ec.europa.eu/eurostat/statistics-
explained/images/4/4a/Simplified_electricity_and_derived_heat_balance%2C_EU-
28%2C_2012_%28in_ktoe%29_new.png 

http://www.eea.europa.eu/publications
http://www.endseurope.com/docs/130419a.pdf
http://ec.europa.eu/eurostat/statistics-explained/images/4/4a/Simplified_electricity_and_derived_heat_balance%2C_EU-28%2C_2012_%28in_ktoe%29_new.png
http://ec.europa.eu/eurostat/statistics-explained/images/4/4a/Simplified_electricity_and_derived_heat_balance%2C_EU-28%2C_2012_%28in_ktoe%29_new.png
http://ec.europa.eu/eurostat/statistics-explained/images/4/4a/Simplified_electricity_and_derived_heat_balance%2C_EU-28%2C_2012_%28in_ktoe%29_new.png
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for people to produce their own renewable energy in European and national legislation," 
Molly Walsh, FOEE community power campaigner, said. The report also found that overall, 
83 percent of European households, whether individually or as part of a utility collective, 
have the potential to help create, store or help provide renewable energy.  

Source: Prupis, N. 2016. 50% of EU Residents Could Be Generating Their Own Renewable Energy by 2050. 
EcoWatch. 27 September.  http://www.ecowatch.com/europe-renewable-energy-2019257743.html 

Dominance of the urban sector. Most of the distributed generation, in particular when it 
involves cogeneration takes place in urban areas, whereas the bulk of energy production from 
renewable energy is situated outside cities. Hydro-power plants, which are still the most 
important contributors of RE in power generation,  and other resource-dependent plants such 
as wind-parks and geothermal power stations, and area consuming solar parks  are usually 
not situated  within municipal  boundaries. But all these may be taken into account in the citiesô 
sustainability goals since they contribute to their electricity supply. In Europe, decentralised 
solar PV on roof-top is up to now by far more important than ground mounted solar parks, 
which in terms of capacity and production remain below 50% even in some strong solar PV 
countries like Germany, Italy, Spain and UK.25 Roof-top PV generation is situated to a large 
part within urban areas, in particular those on commercial buildings. The residential roof-top 
systems are found massively on single family housing in low density urbanisations and villages. 

Growing importance of renewables. Without the clean energy technologies, GHG emissions 
in the EU would be approximately 400 Mtoe, i.e. 10% higher. According to the recent European 
Environment Agency (EEA) report, RE have been important recent driving forces in reducing 
greenhouse gas emissions in Europe.26 Without the deployment of renewable energy since 
2005, greenhouse gas emissions in 2012 could have been 7% higher than actual emissions. 
Thus, the recent surge of wind and solar energy in Europe has contributed massively to GHG 
reduction.  Other more traditional clean energy technologies like bioenergy and CHP have also 
advanced, however less rapidly. ĄTool CE 1 

The main drivers for this shift to renewables are the increasing cost-competitiveness of 
renewable energy technologies and policies to implement other benefits such as improved 
energy security and decreased air pollution. Below graph27 shows the price development of 
Solar PV modules as one important factor.  
 
  

                                                
25 See the reports from the European Solar Industry Association, EPIA, 
http://www.epia.org/fileadmin/user_upload/Publications/44_epia_gmo_report_ver_17_mr.pdf  
26 European Environment Agency (EEA). 2015. Renewable energy in Europe ï op. cit.  
27Fraunhofer ISE; Aktuelle Fakten zur Photovoltaik, update 19.05.2015, www.pv-fakten.de  

http://www.ecowatch.com/europe-renewable-energy-2019257743.html
http://www.epia.org/fileadmin/user_upload/Publications/44_epia_gmo_report_ver_17_mr.pdf
http://www.pv-fakten.de/
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Figure 3: Conceptual Overview: Sectors of Urban Energy 

 
Source: http://www.ise.fraunhofer.de/de/veroeffentlichungen/veroeffentlichungen-pdf-dateien/studien-und-
konzeptpapiere/aktuelle-fakten-zur-photovoltaik-in-deutschland.pdf 

 
This has led to levelized unit costs of electricity (LCOE), calculated for utility scale PV systems 
in central and southern Europe at 5.4 and 8.4 ctEUR/kWh.  Further cost reductions are 
expected to allow LCOE, in 2050, to range between 1.8 and 4.4 ctEUR2014/kWh, with locations 
in southern Spain at the lower end and southern Germany in the upper range.28 LCOE of roof 
mounted PV-systems, depending on the understructure, are clearly higher. 

 

Framework conditions: RE targets and obligations 

Targets. RE sources are expected to provide 20% of EU gross final energy consumption 
(GFEC) by 2020 and progress indicates that this objective will be achieved. In addition, other 
clean energy technologies will also grow, which means that a 30% clean energy target is 
achievable.  

In the EU framework, member countries have agreed to overall RE targets for the power sector 
(20% in Gross Final Energy Consumption [GEFC]) by 2020 as part of the Renewable Energy 
Directive29.  The countries do have individual targets agreed between them from 10% for Malta 
to 48% for Sweden, taking into account their status in 200530, the GEFC demand perspectives 
and the particular RE potentials and options. For the transport sector an overall minimum 
renewable energy (i.e. biofuel) share was set at 10%. Each country has submitted a National 
Renewable Energy Action Plan to the EU, explaining how they intend to reach their targets.31  

National policies. The national policies vary between countries.32 All EU countries have some 
kind regulatory support policy for RE for the power sector, although distinct concepts, including  

                                                
28 Fraunhofer ISE: Current and Future Cost of Photovoltaics. Long-term Scenarios for Market  
Development, System Prices and LCOE of Utility-Scale PV Systems. February 2015, Study on behalf of Agora 
Energiewende. http://www.agora-
energiewende.org/fileadmin/downloads/publikationen/Studien/PV_Cost_2050/AgoraEnergiewende_Current_and_
Future_Cost_of_PV_Feb2015_web.pdf 
29  DIRECTIVE 2009/28/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009  
on the promotion of the use of energy from renewable sources ; http://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX%3A32009L0028  
30 Sweden and other countries including Austria exhibit high hydro-power shares already in the base-year. 
31 See REN21 Global Status Reports for a detailed  overview of RE targets, latest published is REN21 GSR 2014 
http://www.ren21.net/Portals/0/documents/Resources/GSR/2014/GSR2014_full%20report_low%20res.pdf 
32 For a detailed overview of RE support policies See REN 21 Global Status Report op.cit. in the above footnote.  

http://www.ise.fraunhofer.de/de/veroeffentlichungen/veroeffentlichungen-pdf-dateien/studien-und-konzeptpapiere/aktuelle-fakten-zur-photovoltaik-in-deutschland.pdf
http://www.ise.fraunhofer.de/de/veroeffentlichungen/veroeffentlichungen-pdf-dateien/studien-und-konzeptpapiere/aktuelle-fakten-zur-photovoltaik-in-deutschland.pdf
http://www.agora-energiewende.org/fileadmin/downloads/publikationen/Studien/PV_Cost_2050/AgoraEnergiewende_Current_and_Future_Cost_of_PV_Feb2015_web.pdf
http://www.agora-energiewende.org/fileadmin/downloads/publikationen/Studien/PV_Cost_2050/AgoraEnergiewende_Current_and_Future_Cost_of_PV_Feb2015_web.pdf
http://www.agora-energiewende.org/fileadmin/downloads/publikationen/Studien/PV_Cost_2050/AgoraEnergiewende_Current_and_Future_Cost_of_PV_Feb2015_web.pdf
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32009L0028
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32009L0028
http://www.ren21.net/Portals/0/documents/Resources/GSR/2014/GSR2014_full%20report_low%20res.pdf
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¶ feed-in tariffs for electricity delivered to the grid, differentiated by technology and other 
criteria;  

¶ obligations or quota for electricity suppliers, often combined with a tradable certificate 
scheme;  

¶ tendering and bidding schemes or auctions, for individual sites or for defined quantities 
of electricity, differentiated by technologies; and 

¶ net metering of electricity drawn from the grid, crediting surplus feed-in.  

 

RE for heating and cooling energy. Some countries have started regulatory policies, i.e. 
obligations also for RE for heating and cooling energy. Scandinavian countries have a tradition 
of biomass use. Currently, the principle energy source for heating in Europe is natural gas, 
used in central building or apartment boilers, or for cooking. High efficiency boilers and heating 
systems are employed, and natural gas entails significantly less CO2 emissions than coal or 
mineral oil products. This helps reducing the carbon footprint of a city. Nonetheless, natural 
gas fuelled systems are not considered clean energy systems.  Transport fuel suppliers have 
blending obligations.33 ĄTool CE 1 

 

Fiscal policies with EU countries. Within the EU there are also numerous fiscal support 
policies and public financing schemes.  There is a decade long intensive exchange on policies 
and some convergence, but no harmonization of policies yet. 

 

Cogeneration. With regard to poly- or cogeneration (Combined Cool, Heat and Power 
Generation [CCHP]), which constitutes is the second largest group of clean energy 
technologies, there are also various support policies in EU countries. Germany e.g. in 
pursuance of the fundamental energy transition (óEnergiewendeô) provides a premium for 
power fed-in from cogeneration.   

 

District heating. Due to the economies of density which are typical for the heating grids, 
district heating is traditionally an urban energy technology in winter cold regions. European 
cities have since long time used it in their energy strategy. Innovations and new circumstances 
make it even more versatile and important for citiesô low-carbon energy strategies.  Cities in 
Scandinavian, eastern and central European countries including Germany have long standing 
district heating systems, some long distance and integrated grids, some only local, e.g. on 
block level. Simple heat generators have been replaced by heat from large CHP with external 
combustion and turbines increasingly from smaller plants driven by internal combustion 
engines, and waste heat from industry or others. Cooling grids are local, and connected block- 
or building level CCHP, or micro-plants. From the power sector point of view, cogeneration is 
considered to become the cornerstone for a low-carbon power sector (like the ones targeted 
e.g. in Denmark and Germany, which is principally supplied by RE technologies, but needs 
some technologies to balance the variable generation from fluctuating RE sources like wind 
and solar.  Therefore, thermal storage will become more important in order to allow 
cogeneration plants running temporarily when thermal demand is low.  ĄTool CE 1 

 

 

Denmarkôs first net-zero energy building - using VisBlue energy storage  

Housing+ (BOLIG+ in Danish), an apartment building just outside Copenhagen, is 
Denmark's first net-zero energy building. The owner is Realdania By & Byg and within the 

                                                
33 See reference in the RE Directive. 
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building a VisBlue battery has been installed. In addition to being energy neutral, the building 
also produces electricity for the residents' use of electrical appliances such as mobile 
chargers, vacuum cleaner and lighting. The building consists of 10 apartments amassing 
approximately 1,200 square metres distributed across 4 storeys. 

 

 

The project came about because Realdania wanted to tackle the challenge of building 
energy efficient housing. With Housing+, Realdania has managed to hit the actual zero in 
terms of energy in particular due to its partners, VisBlue beeing one of them. This means 
that the output from the building coming from the solar panels correlates with the electrical 










































































































































































































































































