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Abstract 

 

In recent years there has been increasing interest in using alternative and renewable energy sources 

to heat or power homes. Micro-renewable generation involves energy production on a small scale 

(i.e. via wind, solar, biomass and geothermal sources) to supply low-consumption buildings. It can 

help ensure security of supply and promote sustainable development. However, knowledge 

regarding its integration into housing developments in order to optimize energy efficiency, 

environmental concerns and other criteria for new settlements, remains limited.   

This thesis illustrates an approach for the integration of micro-renewable technologies into the 

planning of new housing developments, according to principles of sustainability. The underlying 

requirements were that not only the energy potential of the landscape should be taken into account, 

but also the environmental concerns and preferences of (urban/spatial) planners as to settlement 

locations. Spatial variations in energy potential were evaluated by adapting existing methods 

identified in literature and expert interviews, in addition to testing the methodology using GIS data 

for study areas in Italy and Germany. This resulted in maps showing the energy potential for each 

renewable resource.  

General (not spatially explicit) preferences of planners, regarding the location and planning of 

housing developments with micro-renewables, were identified through a survey of over 100 

respondents. This survey involved pairwise comparisons of relevant factors, which were then 

translated, using the Analytical Hierarchy Process, into relative weights. Subsequently, these weights 

were applied to factor maps in GIS software, via a weighted linear combination method, to generate 

spatially explicit outputs for the eastern metropolitan area of Cagliari, Sardinia. One such map 

represented suitable areas for new settlements, and another, the preferred locations for micro-

renewable technologies. These maps were then overlaid with the technical assessment of energy 

potential to identify areas with the highest integrated suitability for new energy efficient 

settlements. Such sets of maps can support decision-making regarding sustainable, energy efficient 

housing development. They may also indicate areas with conflicting demands, in addition to sites 

with specialized qualities, or those with the highest synergy potential.  

The study showed that the eastern metropolitan area of Cagliari has a very high potential for the 

installation of micro-renewable power plants.  The method proposed can be an effective tool for 

planners to simulate new residential areas by evaluating energy potential to track changes, in order 

to determine the best solution. According to expert preferences, a number of alternatives for future 



housing development were identified, which can be integrated at the beginning of the planning 

process in land use plans, or development plans. 

Keywords: micro-renewable energy potentials; multicriteria analysis; residential development; 

Analytical Hierarchy Process. 

 

 



Zusammenfassung 

 

Die Nutzung von alternativen und erneuerbarer Energiequellen für die Strom- und Wärmeerzeugung 

hat seit einigen Jahren eine hohe Bedeutung erlangt. Speziell die Mikroenergieerzeugung (z.B. über 

Wind, Sonne, Biomasse und Geothermie) dient in diesem Zusammenhang der energieeffizienten 

Ausrüstung von Gebäuden. Einerseits können solche Technologien dazu beitragen, 

Versorgungssicherheit zu gewährleisten und eine nachhaltige Entwicklung zu fördern. Anderseits 

fehlt noch das Wissen, wie man Mikrotechnologien am besten in Siedlungen integrieren kann, um die 

Energieeffizienz zu optimieren und gleichzeitig andere Umweltbelange und siedlungsplanerische 

Kriterien zu berücksichtigen. Die vorgelegte Arbeit zeigt einen Ansatz für die Integration von 

Mikrotechnologien aus erneuerbare Energien in die Planung von Neubaugebieten unter 

Nachhaltigkeitsgesichtspunkten auf. Zugrunde liegende Anforderungen waren nicht nur die 

Berücksichtigung des Energiepotenziales und Umweltbelangen, sondern auch die Beachtung der 

Präferenzen von (Stadt-, Raum-) Planer für die Identifizierung neuer Siedlungsstandorte. 

Räumliche Unterschiede der Energiepotenziale wurden durch die Anpassung bestehender Methoden 

identifiziert. Als Grundlage dafür dienten Literaturanalysen  und Experteninterviews sowie eine 

Sichtung verfügbarer Grundlagendaten. Die Methodik wurde auf Flächen in Italien und Deutschland 

mit Hilfe von GIS-Daten angewendet. Dies führte zur Entwicklung von Karten, die das 

Energiepotenzial für jede erneuerbare Ressource zeigen. Allgemeine (nicht räumlich explizite) 

Präferenzen der Planer zu Standort und Planung von Wohnsiedlungen mit Mikrotechnologien 

wurden durch eine Befragung von über 100 Teilnehmern ermittelt. Diese Umfrage verwendete 

paarweise Vergleiche der relevanten Faktoren, die dann durch die Analytical Hierarchy Process in 

relative Gewichtungen umgewandelt wurden. Anschließend wurden diese Gewichtungen in 

Faktorkarten eingesetzt, um mittels einer GIS-Analyse raumkonkrete Ergebnisse über eine 

gewichtete Linearkombination am Beispiel des östlichen Stadtgebiets von Cagliari, Sardinien zu 

generieren. Eine Karte zeigt die geeigneten Flächen für neue Siedlungen und eine zweite der 

bevorzugten Standorte für erneuerbare Mikrotechnologien. Diese Karten wurden mit der 

technischen Bewertung der Energiepotenzialen überlagert um Gebiete mit der höchsten integrierten 

Eignung für neue energieeffiziente Siedlungen zu identifizieren. Solche Sätze von Karten können 

Entscheidungsfindung über nachhaltige energieeffiziente Siedlungsentwicklung unterstützen und sie 

zeigen Bereiche mit widersprüchlichen Anforderungen, sowie Standorte mit spezialisierten 

Eigenschaften oder diejenige mit dem höchsten Synergiepotenzial. 



Im Ergebnis zeigte sich für das Fallbeispiel, dass das östliche Stadtgebiet von Cagliari ein sehr hohes 

Potenzial für die Installation von Mikro regenerativen Kraftwerken hat. Die vorgeschlagene Methode 

kann als wirksames Instrument für Planer zur Simulierung von neuen Wohngebieten bei der 

Bewertung von Energiepotenzialen dienen, um Änderungen zu verfolgen und die beste Lösung zu 

erreichen. Die Expertenpräferenzen lassen viele Alternativen für zukünftige Siedlungsentwicklung 

erkennen, die ausreichend Spielraum für die Optimierung auch unter Energieffizienzgesichtpunkten  

in Siedlungsplanungsprozesses von Entwicklungs- oder Flächennutzungsplänen integriert werden 

können. 

Schlagwörter: mikro erneuerbare Energiepotentiale; Multikriterielle Analyse; Siedlungsentwicklung; 

Analytical Hierarchy Process. 
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1. Background 

 

More than half of the world’s population of 3.8 billion people lives in urban areas today (U.S. CENSUS 

BUREAU 2010, www). By 2030, this is expected to rise to almost 60%, leading to rapid urbanization. 

Urban populations affect the environment through the high consumption of food, energy, water, and 

land. The building sector represents about 25-40% of final energy demand (WBCSD 2010a, www). In 

addition, 40% of the world’s energy demand is needed for buildings in developed countries, 33% of 

which is utilized in commercial buildings and 67% in residential. Furthermore, worldwide energy 

consumption for buildings is expected to grow 45% from 2002 to 2025 (ibid.). This sector is therefore 

a major source of greenhouse-gas emissions, making energy savings in this field a key element of 

European climate change strategy.  

Consequently, the sustainable future of cities depends significantly on the planning of urban growth 

in a sustainable way. In this context, maximizing energy efficiency of new housing developments, in 

combination with the minimization of environmental impacts, is a key objective. In Europe, this goal 

is supported by the EU’s energy policy target of achieving a 20% reduction in carbon emissions, 20% 

improvement in energy efficiency and sourcing 20% of our energy consumption from renewable 

sources by 2020. The EU policy aims at the application of minimum standards of energy efficiency to 

buildings in every country in the EU; the creation of a certificate to inform buyers or tenants of the 

energy performance of the building they expect to occupy; in large, frequented, public buildings and 

of energy performance certificates for information (EU 2010b, www). According to the European 

Directive 2002/91/EC on the Energy Performance of Buildings national governments are required to 

implement a respective legal framework in order to improve the energy performance of buildings. 

Constructing buildings that do not use energy from power grids will require a combination of onsite 

power generation and ultra-efficient building materials and equipment. 

Europe has put in place legislation to integrate renewable energies, but it is now faced with the 

challenge of integrating increasing amounts of intermittent power sources such as wind, solar, 

biomass and geothermal energies, into the electricity grid. Furthermore, to achieve the goals of EU 

directives, every country is obliged to develop grid infrastructure, intelligent networks and storage 

facilities in order to secure the operation of the electricity system. Renewable energy generation is 

typically characterized by intermittency, therefore it is the imperative that a mix of sources be 

selected and used, in conjunction with energy storage mechanisms, to best utilize the renewable 

energy resource and ensure a continuity of energy supply (MACLEOD: 2007, 1804).  For that reason, 
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the installation and utilization, at a large scale, of renewable resources presupposes relevant changes 

of all sectors of energy use, legislative and organizational modifications and, in most cases, significant 

investment.  

Distributed micro renewable generation can be defined as the process of alternative energy 

production on a small scale to supply the energy demand of low-consumption buildings, such as 

domestic dwellings, with the objective of reducing the direct consumption of fossil fuels such as coal, 

oil or gas (PEHNT ET AL.: 2005). In its Energy Act 2004, the UK Government defines micro-generation as 

generation of a capacity of less than 50 kW. Put in perspective, the peak demand for a house in the 

winter is around 20kW. National Italian Law N. 239/2004 art.85 defines micro-generation as a 

production and energy transportation system based on the integration of micro generators with a 

total power generation of less than 1 MW, using renewable power sources, into the electricity grid. 

This technology has many advantages: high energy efficiency, reliability, safety, blackout prevention 

and mitigation, low environmental impact and low noise levels (BEITH ET AL. 2004, 3). Electricity supply 

is more reliable, with fewer problems passed on to the consumer as voltage is more constant. 

Moreover, micro-generation helps in furnishing electricity in remote areas and building micro-

generators in close proximity to the consumer, helps in containing the costs of capacity and 

transportation (ibid.).   

Smart grids, also called intelligent grids, may be the key for reducing peaks in electricity demand at 

the local level in order to increase the capacity to host renewable and distributed electricity sources. 

According to the European Technology Platform, smart grids are defined as electricity networks that 

can intelligently integrate the behaviour and actions of all users connected to it - generators, 

consumers and those that do both – in order to efficiently deliver sustainable, economic and secure 

electricity supplies (EUROPEAN TECHNOLOGY PLATFORM 2010,www). Smart grids are expected to 

transform today's power distribution systems from centralized energy production and one-way 

transmission to flexible, interactive, bidirectional and efficient distribution systems (NIST 2010, 

www). The household, originally conceived as passive in receiving energy, is now expected to 

become active in producing energy itself. The energy produced should be varied, reacting to demand 

(cf. BEER 2009).  

This situation leads to the need of new planning approaches which integrate the objectives of 

sustainable housing development, energy efficiency, and decentralized energy generation. In order 

to cope with this complex task, methodological approaches are needed which enable planners to find 

the most suitable and sustainable areas for housing development and choose the right micro-
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generation energy mix for these locations. Present scientific knowledge can support this task, but is 

partly incomplete or has to be put into a new methodological context. 

1.1 The European scenario on energy efficiency and renewable 

energy sources 

 

The Kyoto Protocol (1997) was first introduced for signing in Kyoto, Japan in 1997 and finally came 

into force in 2005, after the signature of Russia. The protocol sets binding targets for the reduction of 

aggregate gas emissions from developed countries for the period 2008 to 2012 by at least 5%. This 

target was recently reasserted in Cancun in 2010. The gases include carbon dioxide (CO2), nitrous 

oxide (N2O), methane (CH4), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur 

hexafluoride (SF6). To be quantified, these gases are converted to carbon dioxide equivalent 

emissions. The target reductions relate to the emission levels of a chosen base year. The target base 

year for the first three aforementioned gases is set at 1990 levels and 1995 for the other gases. The 

Kyoto Protocol provides several innovative mechanisms for achieving the set reductions. One such is 

emissions trading, where countries that have emission units under their threshold can sell this excess 

capacity to countries that have exceeded their targets. Another, Clean Development Mechanism 

(CDM) allows countries that are over their targets to implement an emission-reduction project in 

developing countries. Similarly, Joint Implementation (JI) allows countries, which are over their 

targets, to earn emission reduction units (ERUs) from an emission-reduction, or emission removal, 

project in another developed country. Developed countries are required to create a national system 

for the estimation of CO2 equivalent emissions by implementing an electronic database, called a 

national registry. 

The EU Directive 2001/77/EC1, on the promotion of electricity produced from renewable energy 

sources in the internal electricity market, in art. 2 defines renewable energy sources as “non-fossil 

energy sources (“wind, solar, geothermal, wave, tidal, hydropower, biomass, landfill gas, sewage 

treatment plant gas and biogases”). The directive resolved to boost the adoption of a common policy 

for all member states and established national indicative targets in 2010 for renewable energy 

production from individual member states. Member states must adopt and publish a report which 

should identify targets for future renewable energy consumption for the following ten years and the 

measures which have to be met in order to achieve those targets.  

                                                           
1
 Repealed by Directive 2009/28/EC. 
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In 2002, Directive 2002/91/EC2 on the energy performance of buildings introduced a general 

methodology for calculating the energy performance of buildings by introducing minimum standards 

for new and existing buildings when subject to major renovation. The Directive also established 

energy certification of new and existing private or public buildings. It aims at the application of 

minimum standards of energy efficiency to buildings in each European country by introducing an 

energy performance certificate to inform buyers, or tenants, of the energy efficiency of the building 

they expect to occupy (EU 2010b, www). According to the European Directive 2002/91/EC on the 

Energy Performance of Buildings, governments are required to implement a legal framework in order 

to improve the energy performance of buildings. Constructing buildings that do not use energy from 

power grids is encouraged and will require a combination of onsite power generation and extremely 

efficient building materials and equipment. 

Two further directives, Directive 2003/87/EC (establishing a scheme for greenhouse gas emission 

allowance trading within the Community) and Directive 2004/101/EC (amending Directive 

2003/87/EC establishing a scheme for greenhouse gas emission allowance trading within the 

Community, in respect of the Kyoto Protocol’s project mechanisms), established Emission Trading 

Scheme (ETS), an economically viable and efficient system for the exchange of CO2 emissions, to 

manage emission decrease for the period 2013-2020. For this period, member states are required to 

develop a National Allocation Plan, which indicates allocation of emission allowances for the period 

and how they are proposed to be allocated.  The ETS system requires that countries  monitor and 

annually report their CO2 emissions, as they are obliged to return a sum of emission allowances 

equivalent to their CO2 emissions in that year to the national governments. These Directives were 

adopted in Italy through Legislative Decree 216/2006 and Legislative Decree 51/2008. 

Directive 2006/32/EC (on energy end-use efficiency and energy services) was issued to improve 

efficiency, in particular that of the public sector which is required to provide a good example for 

investment, maintenance and other expenditure related to improving the energy efficiency of 

infrastructure, or other measures adopted to improve energy efficiency. For member states, the 

directive established the objective of achieving a minimum annual amount of energy savings of 1% 

and overall savings of 9% in the period 2008 — 2016. 

                                                           
2 Repealed by Directive 2010/31/EC 
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The 20-20-20 Climate and Energy Packet, adopted in 2008 in Italy ,  aims to reduce greenhouse gases 

by a 20% reduction in carbon emissions, 20% improvement in energy efficiency and by producing 

20% of energy consumption from renewable resources by 2020.  

Directive 2009/28/EC, on the promotion of the use of energy from renewable sources, amended and 

subsequently repealed Directives 2001/77/EC and 2003/30/EC and established a common framework 

for the promotion of renewable energy resources. The directive aimed at achieving a 20% share of 

energy from renewable resources in EU energy consumption, and a 10% share of energy from 

renewable resources in each member country’s transport energy consumption, by 2020. In order to 

achieve these objectives, the directive introduced mandatory national targets for the overall share of 

energy from renewable resources in gross final energy consumption for each member state, for the 

first time. The main purpose of mandatory national targets was to encourage technological 

development allowing energy production from all types of renewable resources (EU 2010b, www). To 

achieve the targets, each EU Member State was required to adopt a national renewable energy 

action plan which indicates national targets for the allocation of renewable resources. Member 

States are able to develop support schemes or measures of cooperation with other member states 

and with developing countries. 

Directive 2010/31/EC, on the energy performance of buildings, repealed Directive 2002/91/EC and 

promoted energy performance improvements, taking into account outdoor and indoor climate 

requirements and local conditions. The Directive set down a common general framework for a 

methodology to calculate the integrated energy performance of buildings and for the application of 

minimum requirements to the energy performance of new and existing buildings subject to major 

renovation. In keeping with the Directive, national plans should increase the number of near zero-

energy buildings; from 1 January 2019,  all new public buildings, 1 January 2021 for all private 

buildings, will have to be energy- neutral.  

 

  
 
 




