
IEA ECBCS ANNEX 49

Annex 49 is a task-shared international research project initiated within
the framework of the International Energy Agency (IEA) programme
on Energy Conservation in Buildings and Community Systems (ECBCS).
ECBCS Annex 49 is a three year project. 22 research institutes,
universities and private companies from 12 countries are involved.

The main objective of this project is to develop concepts for
reducing the exergy demand in the built environment, thus
reducing the CO2-emissions of the building stock and supporting
structures for setting up sustainable and secure energy systems
for this sector. Annex 49 is based on an integral approach
which includes not only the analysis and optimisation of the
exergy demand in the heating and cooling systems but also
all other processes where energy/exergy is used within the
building stock. In order to reach this aim, the project works
with the underlying basics, i.e. the exergy analysis
methodologies. 

These work items are aimed at development, assessment and
analysis methodologies, including a tool development for the
design and performance analysis of the regarded systems.
With this basis, the work on exergy efficient community supply
systems focuses on the development of exergy distribution,
generation an storage system concepts.

www.annex49.com

COST ACTION C24: COSTEXERGY

COST (European Cooperation in the field of Scientific and Technical
Research) is one of the longest-running instruments supporting co-
operation among scientists and researchers across Europe, allowing
the coordination of nationally-funded research on a European level.
COST enables scientists to collaborate in a wide spectrum of activities
in research and technology. The COSTeXergy project is one of the
funded actions within this European programme.

The main objective of the COSTeXergy project is to broadly
disseminate new knowledge and practical design-support instruments
that can facilitate practical application of the exergy concept to the
built environment. In order to achieve this objective, the action relies
on research activities carried out by its members, which focus on
investigating and demonstrating how exergy analysis can be used in
the development of innovative insights and concepts and support a
wider deployment of low-valued heat and other renewable energy
sources.
www.costexergy.eu
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Figure 7:    Energy certification of buildings (energy performance of buildings certificate) for the head  

                    office of Fraunhofer-Gesellschaft in Munich (Germany). 

As an example, Figure 7 shows the energy performance of buildings certificate issued for the head 

office of Fraunhofer-Gesellschaft in Munich (a non-residential building), giving visitors information on 

the energy performance of the respective building and an incentive for further consideration. In the 

meantime, such certificates will be found in any Ministry of the Federal Republic of Germany, being 

displayed in the entrance area. Energy consumption is becoming a matter of general concern.  

5.2   A change of attitude – Making energy efficiency a top priority 

Unfortunately, the energy performance of buildings certificate favoured by the German government 

gives reason to doubt whether it will have any impact at all, because the federal government conceded 

freedom of choice between demand-based and consumption-based certificates.  

The essential purpose for introducing the energy certificate is giving information on the building energy 

performance and encouraging renovation measures to retrofit existing buildings.  

On the basis of a demand-based energy certificate, qualified issuing bodies are able to identify the 

causes for high consumption values and to explain the effects of individual retrofitting measures. 

Considering additional aspects (like costs, preservation of the building substance, life cycle or 

protection against noise and moisture) an individual energy retrofitting concept can be developed in 

collaboration with the investor.   

Although stating consumption data might be conducive for ranking one’s own consumption compared 

to average values, it is not suited to fulfil the function of energy labelling. Consumption values do not 

provide an objective set of criteria for potential buyers or tenants, because they are highly dependent 

on associated user patterns; deviations due to divergent usage are sometimes more than 100%. In 

addition changing meteorological boundary conditions are also possible causes of an erroneous
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ranking - which cannot be rectified by simply correcting the heating degree days, because fluctuations 

of solar energy supplies during the heating season will remain unaccounted for. Additional sources of 

heat like tiled stoves or open fireplaces are not included in the heating bill, and relating solid or liquid 

fuels to the accounting period is quite problematic, leaving ample space for manipulation.  

It is not possible to give building-specific recommendations for modernization based on consumption-

oriented building energy labels, as only the current condition is regarded under undefined boundary 

conditions - and even this is the result of an unclear process: which share is due to which structural 

components or to which building systems? Either, remedial action cannot be taken at all or it lacks a 

reliable basis.  

The comparatively moderate costs for issuing a demand-based energy performance certificate are 

justifiable with regard to the detailed building data providing comprehensive knowledge and with 

regard to the lack of an equivalent alternative. While energy consumption data provide useful building 

information, a consumption-based building energy label is of no value at all; actually, it frustrates the 

opportunities that energy retrofitting opens up for property owners, planners, craftsmen, industry, the 

economy and the environment.  

Consequently, extensive marketing measures should be launched to support the demand-based 

energy certificate, with the aim of rapidly promoting the energy efficiency of buildings. Energy 

efficiency must have top priority.  

6.  Technical measures to increase the energy performance of  

      buildings  

To improve energy efficiency in the building sector, a great variety of technical measures are 

available:  

• Reduction of transmission heat losses  

- additional thermal insulation 

- use of advanced energy efficiency windows  

- reduction of thermal bridges 

- coating of surfaces 

- reduction of the surface-to-floor area relation A/A

n

 

• Reduction of ventilation losses  

- sealing of air leakages 

- measures to obtain demand-controlled ventilation  

- use of mechanical ventilation systems  

- ventilated facades, earth ducts 

• Increase of solar gains 

- glazing with high solar transmittance 

- glass annexes 

- transparent insulation, hybrid transparent insulation 

- solar collectors, photovoltaics  

• Increased efficiency of heat generation 

- heating 

- domestic hot water 

- control systems 
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• Increase of daylight availability and the efficiency of luminaires  

- transparent or translucent building envelopes with high light transmission values 

- systems for daylight redirection 

- control systems 

• Measures to avoid cooling  

- solar protection 

- night ventilation systems 

- thermally activated building components 

- heat storage capacity/ application of phase change materials 

Most of these measures have already been widely realized and passed practical testing. Regarding 

both details and comprehensive new solutions, there is still a great amount of development and 

research work to be done to achieve systems with clearly higher efficiencies at lower costs. To prevent 

building damages and the deterioration of thermal and acoustic indoor comfort, an integral approach 

considering all processes related to building physics is required. Novel systems for managing 

renovation measures, designed to reduce the usual trouble between users and persons charged with 

executing these measures, are also part of these innovations. In this context, the so-called 

'modernization holidays' may be mentioned as a vision, allowing to perform the trouble-free energy 

retrofitting of a complete building during the three-week vacation of the occupants.  

7.    Buildings need to undergo “test runs” 

Besides the energy efficient design and construction of a building, the energy efficient operation of 

buildings is also required. Buildings featuring extensive building services engineering need to be given 

special attention, since their operation is often not energy efficient at all; rather, considerable 

reductions in consumption would be possible at relatively low cost.  

Extensive monitoring to determine and analyse essential parameters will identify weaknesses in the 

operating procedure. Technologies such as Radio Frequency Identification (RFID), which are already 

available or are to be expected in the near future, allow wide-range applications.  

8.   Demand for further Research and Development  

There is a considerable demand for research and development in order to achieve clearly more 

efficient systems that are less expensive, and this demand exists for both new details and for 

complete solutions. Good energy retrofitting measures always include improved thermal comfort, and 

energy-efficient buildings are the basis of a high real estate value.  

9.   Certificate of Sustainability 

To be able to assess the sustainability of buildings, the Federal Ministry of Transport, Building and 

Urban Affairs (BMVBS) and the German Sustainable Building Council (Deutsche Gesellschaft für 

nachhaltiges Bauen, DGNB) jointly developed a quality label, which was to be introduced in Germany 

early in 2009. The Fraunhofer Institute for Building Physics (IBP) played a major role in the 

developing process: mainly the catalogue of criteria and the categories of the assessment system 

were compiled by expert scientists. 
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The German quality label “Sustainable Building” includes and documents the following aspects: 

 Protection of resources  

 Protection of the natural environment 

 Securing and maintaining values 

 Improvement of the surroundings and protection of public goods  

 Assurance of health and thermal comfort of occupants  

Main criteria of sustainability include: 

 Ecological quality 

 Economic quality 

 Socio-cultural and functional quality 

Also the following criteria are considered in the certificate: 

 Quality of the technical execution  

 Process quality 

 Site quality 

Figure 8 visualises the relations:  

 

DGNB German Certificate for Sustainable Building 

Assessment

Ecological

Quality

Economical

Quality

Socio-cultural

and Functional 

Quality

Technical Quality

Process Quality 

Site Quality 

Protection goal
Protection of the 

environment

Protection of the natural 

resources

Decrease of the life-cycle

costs

Receipt of ecological

values

Assurance of health/ 

Thermal comfort

People-friendly

surrounding area/ 

Receipt of social and 

cultural values

Protection subject
Natural environment Natural resources Health  Economic values Social a. cultural values

 

 

Figure 8:    Structure of the German system for labelling sustainability. 

This structure allows the system to be adapted to different climatic or cultural boundary conditions 

whenever required, so as to be able to represent the advantages of German products in other 

countries. The German Sustainable Building Certification covers all relevant topics of sustainable 

construction. Six subjects affect the evaluation process: ecology, economy, social-cultural and 

functional topics, technology, processes, and location. The assessment is expressed in an overall 

rating, and the buildings are awarded labels in the categories bronze, silver, and gold. 
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The International Energy Agency’s Implementing Agreement on Energy Conservation in Buildings and 

Communities systems (ECBCS) is one the largest international collaborative agreement on energy 

efficiency for both buildings and communities.  For more than 33 years, it has directed its research and 

technology development toward reducing energy consumption in buildings and communities, while 

minimizing environmental impacts. Today’s, it aligning itself toward the innovative challenges of the 

construction sector –buildings and communities- in terms of energy use and climate change, without 

affecting inherent clients needs such as health, and occupant’s satisfaction. The ECBCS website 

today has an activity of 2.5 M visitors/year, and reports have been downloaded more than 2 Million 

times.  The primary receptors of these technologies and deliverables are primarily the various players 

in the business of the built environment such as those acting for design, operation and management, 

commissioning, and local energy planning.   

The ECBCS has now completed 44Annexes – i.e. four-year research projects-, with major impact on 

energy efficiency and effective integration of new energy sources in buildings and communities. The 

ECBCS has recently completed its 2008-13 strategic plan. This process included, among other things, 

an environment scan and review of existing and emerging technologies, R&D and application in the 

built environment, with a special focus on energy and environmental impacts.  

Today, the literature and current trends on energy use and environmental impacts demand immediate 

measures and strategies to reduce drastically energy consumption and environmental impacts from 

the built environment. The built environment - i.e., construction sector - represents more than 10% of 

GDP, but also consumes between 30-40% of total energy consumption and 50% of total primary 

resources.  It is also responsible for 25-40% of the total solid waste. The sector is also recognized as 

uniquely fragmented especially in the decision-making process. It is critical to economy and people’s 

lives in all the world-, but widely recognized as slow in adopting innovative technologies. More than 

ever, the sector is facing challenging societal and regulatory demands, in aspects related to energy, 

ventilation, safety, etc. This coincides with the shrinking of R&D resources and investments, especially 

in the area of the built environment, and more demands from people for leadership and effective 

actions to tackle depletion of natural resources, mitigation of climate change, and increasing 

construction and occupancy costs.      

As a result of the recent strategic plan exercise. The ECBCS is aligning its R&D activities towards the 

goal of near-zero energy and carbon emissions in the built environment by 2030. The ECBCS will 

build on its mission of R&D and innovation to develop and facilitate the integration of technologies and 

processes for energy efficiency and conservation into healthy, low emission, and sustainable buildings 

and communities. These technologies and processes will target a much radical decrease of energy 

                                                 
* On behalf of Executive Committee and Operating Agents 
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consumption and carbon emissions from buildings and communities. The aim is to impact three 

aspects of the industry’s business environment: decision-making; building products and systems; and 

dissemination. The basic strategies are focused on the keyword “integration” on three levels:  

integration of emerging sciences such as materials and ICT; integration of energy sources such as 

hydrogen, and integration of R&D and industry players for high impact projects and technology 

adoption      

During this 2002-07 cycle, the ECBCS completed 10 Annexes resulting in deliverables on improving 

energy efficiency and environmental impacts of buildings and communities. These are widely adopted 

by industry as standards, applied tools, and/or benchmarking.  During this period, there were also 10 

new Annexes, and related technology transfer activities.  Examples include: 

1. New Annexes on integration of leading edge technologies such as fuel cell, vacuum insulation, low 

exergy, LED lighting, etc.  

2. New Annexes on integration of renewables and exergy. 

3. New Annexes on key priorities: energy retrofit, energy efficiency for building services and 

envelopes, integrated life-cycle decision making; and energy efficient and sustainable 

communities. 

4. More than 30 international conferences and seminars.  

5. Future Building Forum workshops for forward outlooks on energy in built environment 

The ECBCS has now 13 large projects toward aggressive reduction of energy reduction in the built 

environment, and quantifying carbon emissions in new and existing buildings. Example of these 

projects include technologies and prototypes for net-zero buildings; energy retrofit in low-rise housing 

using prefabrication, energy guidelines and best practices for municipalities, low exergy application for 

buildings and communities, and method for total energy consumption for existing buildings. The 

ECBCS collaborates with other IEA building-related Implementing Agreements, national energy and 

building programs, as well as associations related to buildings, communities, and energy.  For more 

information, please refer to:  

 

www.ecbcs.org 

 

 

Today’s member ECBCS countries include: Australia, Austria, Belgium, Canada, China, Czech 

Republic, Denmark, Finland, France, Germany, Greece, Italy, Japan, Republic of Korea, New 

Zealand, Netherlands, Norway, Poland, Portugal, Spain, Sweden, Switzerland, United Kingdom, 

United States. 



KEYNOTE 
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1 Introduction 

To continue to enjoy prosperity while not exceeding environmental, social and economic limits, it is 

becoming necessary to pursue simultaneously business growth and reduced environmental 

degradation by substantially increasing the efficiency of natural resource usage.  

Many incremental approaches to optimising resource efficiency are available. Businesses also need to 

consider potentially disruptive major ‘step’ changes offered by emerging technologies that create new 

options for resource efficient solutions.  

Technology Management addresses the need to analyse the specific resource efficiency potential of a 

technology, relevant technological trends and opportunities for creativity when searching for new 

product ideas. It can help design resource efficient industry that have lower costs, increased security 

of raw material supply and reduced environmental impact. Hence Technology Management can be the 

basis for resource efficient innovations that improve productivity and open up new markets. 

 

2 New technologies as a basis for resource efficient 

innovations  

Technologies offer various solutions for resource efficient innovations. As well as supporting 

incremental approaches to resource optimisation e.g. ancillary units in production, businesses need to 

consider potentially disruptive major ‘step’ changes offered by emerging technologies that create new 

options for resource efficient solutions.  

To secure a valuable eco-innovation, businesses need to take into account the availability of required 

materials (raw materials and components), the functionality underlying technology, the utility of the 

future product and its end-of-life impacts.  

New technologies and their applications can play an important role in this context [9, 10]. They have 

the potential to increase resource efficiency in the following ways [11, 12]: 

 new technologies can create new functionalities in existing or new application fields, 

 new technologies can substitute existing technologies in existing or new application fields. 

Such innovations can be triggered by different actors such as manufacturers, suppliers or customers 

and can drive cost savings - up to double-digit percentages [7]. Small-medium sized businesses have 

the potential for the biggest savings [8].  

It is argued by many researchers that resource efficient innovations has substantial potential for 

opening up new markets (see [14]). Technologies and Products with high resource efficiency potential: 
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results from a cooperative identification- and selection-process. In this context, a cooperative 

identification- and selection-process was developed in order to identify such products and 

technologies (see Rohn et al. [10]). The procedure for selecting such technologies and products 

consisted of four steps (see fig. 1). 

 

Figure 1: Criteria-based selection of technologies, products and strategies with high resource efficiency 

potential [11]. 

3 Developing resource efficient innovations – the Resource 

Efficiency TechnologyRadar 

Developing resource efficient innovations through the adoption of new technologies is of increasing 

strategic importance for many companies. The use of new technological trends as an enabler for 

resource efficiency is able to complement existing resource efficient technology and product 

development methods such as environmental management systems, eco-design, environmental 

performance indicators or life-cycle assessment [25]. Technology management can be a powerful way 

to address this. An objective of technology management is to reveal opportunities and risks offered 

through the assessment of technological trends [26, 27].  

In practice, the companies need to be clear about the relevance of technological options, many of 

which are still in a research phase. These can be identified and evaluated with respect to their 

potential for resource efficiency in future products and services. For leading-edge businesses it is 

important to be able to implement resource efficiency opportunities in the early phases of the 

technology development process.  

The Resource Efficiency TechnologyRadar provides tools to methodically, organisationally and 

conceptually identify and assess technology trends to generate product ideas and business 

opportunities based on a business’s specific technology requirement profile (see [29]). The Resource 

Efficiency TechnologyRadar has been applied with and validated in several industry consulting 

projects. Based on typical technology intelligences, the “Resource Efficiency Technology Radar” is 

structured into the following four phases:  
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1. Identification of resource efficiency potential and resulting technology requirements, 

2. Technology trend research and expert identification, 

3. Expert interviews and trend assessment, 

4. Measures for action. 

In the following, the four phases for developing resource efficient innovations were described and 

discussed.  

3.1.1 Phase 1: Identification of resource efficiency potential and resulting 

technology requirements.  

Based on one or several typical applications in the company, the resource efficiency potential is 

identified and evaluated. This is based on the following steps: 

1. Definition of the assessment context:  

The assessment context includes the definition of relevant resources (material, substances, 

energy, etc.), approaches to increase resource efficiency (e.g. reduction of material 

consumption, substitution of material, increase of production efficiency), life cycle phases, 

system boundaries and components. 

2. Estimation of product related information and material or energy flows:  

Analysis of major components and functions, based on available data from Life Cycle 

Assessments (LCA) and other sources. Description of input-output flows and processes, 

analysis of major processes, based on available data from e.g. material and energy flow 

balances.  

3. Evaluation and classification of component functions and processes:  

With respect to step 1, components functions and processes are evaluated and classified 

according to their potential to increase resource efficiency.  

4. Assessment, prioritisation, selection and clustering of identified topics:  

Based on the evaluation and classification in step 3, components and technologies are 

prioritised to cluster those with the highest potential to increase resource efficiency with the 

highest estimated cost-benefit ratio.  

Under consideration of the resource efficiency potential, existing knowledge on technologies and their 

application as well as trend studies, future projections and expert knowledge are investigated in more 

detail. The results of phase 1 are formulated as a so-called “technology requirement profile” to guide 

all following phases of the methodology.  

3.1.2 Phase 2: Technology trend research and expert identification  

Based on the technology requirement profile, a trend research is performed consisting of the following 

steps:  

1. Scanning the technology landscape within the Fraunhofer-Gesellschaft and in the research 

community (universities, industrial R&D, research organisations, etc) and assessment of 

future trends by evaluating future studies and future scenarios,  

2. Identification of potentially valuable technologies and solution approaches (e.g. business 

models, service combinations, boundary technologies, etc.),  

24
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3. Identification of leading experts and lead projects in applied research to target interviews. 

”white spots“ are identified in this step to detect additional topics and experts with potential 

relevance.  

The results of the technology trend research and the identified experts are evaluated and prioritised 

with the company according to their relevance to the resource efficiency of products, services or 

processes.  

3.1.3 Phase 3: Expert interviews and trend assessment 

The goal of this phase is to evaluate the identified topics within the context of the company which acts 

in a certain market environment. Therefore, experts are interviewed to evaluate business 

opportunities, specific aspects of technology development or applications.  

The potential of specific technologies for the company is thereby evaluated while taking environmental 

and market trends into account. Taking environmental aspects into account at an early stage in the 

technology development process is not an easy task (see [30]).  

Environmental impacts can be caused by the selection of material and energy flows, the design, 

production and distribution, the use and the end-of-life-phase of products. The lifecycle of products 

has to be analysed in a holistic approach. This often requires a change of perspective from the 

conventional approach of merely looking at in-house product development, production and distribution 

of the product. This change of perspective is described by the term “lifecycle thinking” [30] and 

becoming more and more important in the context of combined product-service developments.  

The assessment of the environmental impact of a product can be conducted by complex systemic life 

cycle assessment methods. They analyse and evaluate the whole-of-life impacts of raw materials and 

components, underlying technologies, functions and the use of the product. Examples for existing 

methods are LCA (ISO 14040), Simplified LCA [31] and Matrix Approach [32].  

Generally, methods can be differentiated into Eco-Design and Eco-Indicator approaches. Eco-Design 

focuses specifically on the technical and creative development of the product itself [33, 34], while 

methods such as Eco-Effectiveness [35] and Material Intensity per Service Unit (MIPS) [36, 2] 

concentrate on specific indicators like the amount of toxic substances or resource productivity.  

Most methods require specific information and data on the inputs to the product resulting from the 

application of the various technologies as well as the estimated use and lifecycle of the product.  

Hence, the methodologies are difficult to apply because they need a relatively detailed specification of 

the future product. The complexity of the methods and their requirements for information and data 

make a complete evaluation of technological trends and their contribution to resource efficiency of 

future products very difficult and costly.  

However, sketching the expected lifecycle of future products can lead to consideration of possible 

environmental impacts and sensitivities so that, the most important environmental impacts can be 

identified. An example that enables the estimation of the resource efficiency of products based on the 

estimation of resource consumption throughout the product lifecycle is MIPS.  

The MIPS methodology quantifies the material intensity of a product or service by adding up the 

overall material input which humans move or extract to make a product or provide a service [2]. It is 

measured in kilogram per unit of service. The material input is calculated in five categories: abiotic raw 

materials, biotic raw materials, water, erosion, and air. MIPS can be used to quantify consumption of 

resources and thus can serve as a good indicator for the evaluation of the resource efficiency of a 

certain application. 
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Within the context of the Resource Efficiency TechnologyRadar, the application of more detailed 

methods for the evaluation of the resource efficiency of technologies depends on the specific 

products, the context of the investigation and the level of information and data that are available.  

The MIPS methodology represents in this context one of the most common methods as it provides a 

good balance between the ‘data intensity’ for its application and the quality of the results that can be 

achieved. Moreover, its applicability in an industrial context has been shown [12].  

The results from the resource efficiency assessment allow companies to prioritise technologies 

according to their environmental impact and cost throughout the product lifecycle. This enables 

improved technology planning in a sustainable way within a long-term planning horizon in line with 

current market requirements. Technological trends and technology options are assessed with practical 

assessment criteria, including resource efficiency potential, market size and market growth, cost 

reduction potential, implementation risk, customer benefit, information requirement, accomplishment of 

company targets.  

3.1.4 Phase 4: Measures for action  

Based on the results from previous phases, potential actions are discussed and evaluated in more 

detail. Depending on the level of pre-existing know how on a specific technology or application, this 

can cover different stages of the technology life-cycle. Examples for actions that aim at progressing in 

the technology life-cycle towards the application of resource efficient technologies correspond 

generally to activities of operational technology management but can also lead to more long term 

strategic activities. This can include the further development of a certain technology, the acquisition of 

external knowledge through cooperation or the adaptation of relatively mature technologies to the 

application in a specific product, service or process.  

The major objective of this phase is the classification and prioritisation of different potential activities to 

implement the prioritised technological options resulting from phase 3. This phase is highly dependant 

on the strategic orientation and the existing competencies that are available within the specific 

company.  

The communication and further usage of the results are then transferred into the visualised metaphor 

that represents the technology radar. This model provides a visual representation that translates the 

most relevant and resource efficient activities into the centre of the radar system, integrating priorities 

from different areas (see figure 2).  

 

Figure 2: Exemplary “Resource Efficiency Technology Radar” 
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This assists in gaining an overview of the timeframe in which each technology is ready for market 

application and the resource efficiency potential in the context of the company in question. The 

information can be further integrated in the development of more specific technology, product or 

market roadmaps for the specific company.  

4 Conclusions 

This article outlines the results from the author’s current research and industry consulting projects in 

the field of resource efficiency orientated technology management. The results and approaches 

presented here are based on the adoption of different existing and new (further) developed methods 

as well as the in-depth involvement of experts. The designed methods include technology 

management as well as environmental impact assessment approaches. They were developed to 

assist companies in dealing wit typical technology management related tasks such as the assessment 

of technological trends and opportunities according to the resource efficiency of e.g. their products and 

processes.  

It has been shown, that a number of technologies, products and strategies are of relevance to 

increase resource efficiency. However, specific resource efficiency potentials have still to be analysed 

in on-going research activities and industry application cases. For the field of nanotechnology, it was 

shown that, while much development in this field is still under way, many results from research for new 

technologies are already being applied in industry, leading to practical resource savings. Some 

solutions are already applied, but lack broad application, mainly because of a lack of knowledge 

concerning their full potential or implementation methodologies.  

Practical examples show that higher resource efficiency can be achieved in many cases. However, 

adequate technologies need to be identified and the specific technology of interest needs always to be 

thoroughly understood and the resource efficiency potential of its application be assessed. The 

described methods assist companies to do so and qualify to implement possible approaches into 

practice. This may lead to strategic advantages and the realization of saving potentials along the value 

chain. In the end the results and applications that have been outlined should help foster sustainable 

growth of companies by supporting decision making about the selection of resource efficient 

technological solutions.  

In general, the subject of resource efficiency will further increase in its importance innovation and 

technology management - considering the growing global demand for raw materials and other natural 

resources due to the rapid growth of emerging markets. 
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Introduction 

CO

2

 and other emissions climate change are largely caused by the way we produce, distribute and 

consume energy. The trend seems to lead towards catastrophe. Worldwide awareness of this problem 

is growing and a majority of people are of the opinion that this trend needs to be reversed.  

The International Energy Agency (IEA) is a major opinion leader. It was created in 1974 by the 

Organization for Economic Co-operation and Development (OECD) as an answer to the threat from 

the Organization of the Petroleum Exporting Countries (OPEC) (“oil shock”). Its main task was and still 

is to safeguard the energy supply in OECD countries at acceptable costs.  

During the creation of the IEA it was already clear that the IEA had to concentrate on the improvement 

of energy efficiency and renewable energy technologies if it was to find solutions that would decrease 

the dependency on energy imports. Thus, in 1975 the Standing Committee on Research and 

Technology (CERT) was created with the mandate to launch international Research, Development, 

and Deployment (RD&D) -programs and to propose measures for technical improvements in the 

energy sector. 

Standing Committee on Research and Technology (CERT) 

At the moment 28 Countries (mostly OECDmembers) of the IEA have voting rights. In addition the 

European Commission acts as an active observer and some emerging Non-Member Countries are 

also actively participating. The collaboration is supported by a legally binding Framework Agreement.  

Thereby, CERT has a defined strategy that is revised every five years. The term of the current 

strategy ends in 2011. It contains the following main elements:  

 Vision: “Technology will have an increasingly decisive impact on progress in the worldwide quest 

for a globally clean, clever and competitive energy future.”  

 Mission: “To maximise energy technology’s impact by optimizing international collaborative RD&D 

and deployment, by initiating timely technology assessment, analysis and scenarios, by engaging 

non IEA countries and by delivering policy guidance that will make a difference.  

A key role of the CERT is to provide leadership for the Working Parties, Expert Groups and 

Implementing Agreements in the IEA energy technology network, to help them shape work 

programmes that address current energy issues productively, to support their efforts, regularly 

review coverage of mandates and suggest new efforts when needed.”  
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The five Objectives of CERT are:   

 Leadership and dialogue to support the various actors  

 Stronger focus on the role of technology policy  

 Frequent, effective communication to policy makers of messages and perspectives extracted from 

analysis  

 More fruitful liaison within the IEA family  

 More vigorous collaboration with non-IEA countries  

All these objectives have to be considered when thinking about future activities.  

 

The CERT Organization 

The CERT Organization with its Energy Technology Network is a large organization with over 6000 

participants from IEA member and non-member countries. The “hands-on” RD&D work is done in the 

over 40 Implementing Agreements (IAs) and several Expert Groups. In addition internationally 

recognized energy technology analysis work is done by experts in the IEA Secretariat.  
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Figure 1: Energy Technology Activities 

In order to manage the CERT Organization, a hierarchical organization was implemented (Fig.: 1):  

 Each implementing Agreement is an autonomous entity with an Executive Committee leading the 

work. A contract with the CERT regulates the relationship under the umbrella of the IEA. Normally 

all five years this contract is revised and extended for an other term of five years.  

 Industry and Non-member Countries can participate in the implementing Agreements as 

Contracting Parties, Sponsors or Observers.  

 Implementing Agreements are grouped under sectors and overviewed by Working Parties. The 

Working Parties report to the CERT.  

 Some specialised Expert Groups and implementing Agreements report directly to the CERT.  
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 As with the CERT, in Working Parties and Expert Groups all IEA Member Countries are 

represented by at least one Delegate with voting right. The European Commission and Non-

member Countries can participate as observers.  

 The IEA Secretariat is present in all entities to support the process and to guarantee the link to the 

Secretariat.  

IEA Collaborative RD&D and Dissemination  

The IEA collaborative international Research, Development, and Deployment RD&D is active in a wide 

range of technologies in many industrial sectors:  

 Buildings (Retrofit, Heating/Cooling, Space Planning) 

 Electric Appliances   

 Transport (Motor Fuel, Drive Train, Vehicles, Behaviour) 

 Industrial Processes   

 Efficiency in Fossil Fuel Production and Power Generation (Oil, Gas, Coal, CCS)  

 Renewable Energies  

 Nuclear Fusion  

 Electric Grids (Intelligence, Storage, DSM) 

 Modelling (MARKAL)  

 Information Centres, R&D Data  

Considerations for CERT’s Strategy 2012-16  

The CERT has started with the process of preparing a new strategy for the period 2012 to 2016. 

Business as usual in a rapidly changing world is to be avoided by all means. Here, the following 

considerations should take into account:  

 The world changes occurred in the last five years 

 Changes (if any) in spirit and style (Governing Board (GB), other Standing Committees, 

Secretariat) 

 CERT acts on behalf of the Governing Board, but likewise it acts as ambassador for the 

autonomous implementing Agreements and Expert Groups. In such a large Network the internal 

communication is important, but often even more difficult than external communication due to 

hierarchical structure where members first concern is to satisfy the level above rather than work 

with others on the same level. 

 The roles and strategies of the Working Parties and Expert Groups who should receive more 

decision power.  

A radically changed environment 

The world around us has radically changed and is going to change even further in the future. Our 

focus has to be the change of political awareness and willingness. Some challenging facts include:  

 Non-OECD countries will account for 87% of the increase in global demand between 2006 and 

2030, driven largely by China and India. The cooperation with Non-member Countries has gained 

in importance and will be key in the near future.  



33

Conference “The Future for Sustainable Built Environments with High Performance Energy Systems” 

 

 The shattered world economy makes new investments difficult. Immediate needs for the BLUE 

Map Scenario (minus 50% CO

2

-emissions by 2050) are over 10 Trill $. These are very large 

numbers. 

 Instead of rigorous funding decisions, the G8, G20 and IEA Ministerial Meeting launch new 

initiatives with unclear budget commitments. This leads to a general and dangerous frustration 

among scientists who, in their transnational thinking, are faced with national policies poisoned by 

election and re-election activities.  

 New competing initiatives are created by the same Ministers responsible for the IEA, such as 

IPEEC (energy efficiency) and IRENA (renewable energies). These initiatives compete with the 

IEA for funds and human resources. The newest initiative in the process of creation is the 

International Low-carbon Energy Technology Partnership (ILCETP). 

World Energy Outlook, Technology Perspectives and Roadmaps 

The following three periodic publications of the IEA have gained international fame in the recent years:   

 The World Energy Outlook (WEO) is the classical best-seller  

 The Energy Technology Perspectives (ETP, since 2006) report has joined the WEO as a best-

sellers  

 The Roadmaps for various technologies (initiated by the G8 in 2008) 

For scientists the Energy Technology Perspectives and the Roadmaps are valuable documents for the 

choice of focus and the formulation of technology policy proposals.  

Energy Technology Perspective ETP2010  

In the 2008 version of the Energy Technology Perspectives, the IEA called for an Energy Technology 

Revolution to meet our climate change goals. In our newest edition of ETP (ETP 2010 launched in 

August) we look at whether we see signs of this transformation happening. The book outlines 

technologies that are needed and when and where they should be deployed. It also looks at the costs 

and benefits of this transition and the policies that are needed to make it a reality.  

Tackling climate change and enhancing energy security are two central challenges we face in the near 

and longer future. In the ETP2010 Baseline scenario, which assumes that no new policies are 

implemented, CO

2

 emissions double from current levels by 2050, oil and gas prices are high, and 

energy security concerns increase as imports rise (Fig.: 2). This scenario is clearly unsustainable and 

we must act now to move onto a new trajectory. 
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Figure 2:   Global CO
2
 emissions double in the Baseline, but in the BLUE Map scenario abatement across 

all sectors reduces emissions to half 2005 levels by 2050. 

Our BLUE Map scenario has the target of halving CO

2

 emissions in 2050 compared to 2005 levels. In 

this scenario the long-term global temperature rise will be kept between 2° to 3°C. This is an extremely 

challenging goal that requires emissions reductions to be made across all sectors. As said above: 10 

Trillion $ are needed as immediate investment! 

ETP2010 (Fig.: 3) identifies the least-cost combination of low-carbon energy technologies that can 

help achieve such a 50% reduction and sets out the policies and other actions that will be necessary. 

The most important option in both the short and longer-term is improving energy efficiency. Improved 

energy efficiency in the end-use sectors accounts for 38% of the total emissions reduction in 2050. 

 

Figure 3:  Key technologies for reducing global CO
2
 emissions. A wide range of technologies will be 

necessary to reduce energy-related CO
2
 emissions substantially.  
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In addition, decarbonising the power sector will be critical to achieving deep reductions. Renewables, 

nuclear power and fossil fuels combined with Carbon Dioxide Capture and Storage (CCS) will all have 

a role to play. Particularly after 2030 we will also need new technologies in the end-use sectors of 

buildings, transport and industry.  

The relative contribution of renewables to emission reduction is smaller than that of CCS, because 

there already is a large contribution of renewables in the baseline scenario. 

Accelerating the spread of low-carbon technologies to non-OECD countries is a critical challenge. 

Action in non-OECD countries will be key to achieving a halving of emissions by 2050. Two-thirds of 

emission reductions in the BLUE Map scenario will have to come from non-OECD countries. 

 

Figure 4:   World energy-related CO2 emissions abatement by region. In the BLUE Map scenario, most of 

the reductions in energy-related CO2 emissions are in non-OECD countries. 

However, technology transfer is becoming more complex with increasing multi-directional commercial 

and industrial relationships. Capabilities in some emerging economies, such as China are already 

improving rapidly.  

The IEA believes that a low-carbon economy should be based on market principles. The challenge will 

be to re-orient existing energy-trade while also building capacity in developing countries.    

Technology policies 

Public RD&D spending must at least double. The analysis shows that it may even need to be as high 

as five times the current level. A range of different policies will be needed to transform the energy 

sector.  Government outreach and planning on infrastructure has to increase, but individual projects 

have to be bankable in order to create business-cases and attract private investment. Greater 

international collaboration, including with the private sector, is needed to accelerate technology 

development and deployment.  

A price on carbon is needed for the market to react, but that on its own it will not be enough to 

transform our energy systems. Additional policies will be needed to support technology development 

and deployment. These policies need to be tailored to reflect the different stages of technology 

development. 
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Policies for supporting low-carbon technologies 

The support of new technologies has to match the level of maturity of a technology. Less mature 

technologies like CCS and fuel cells need strong government support in the form of R&D funding and 

then financing of demonstration projects.   

 

Figure 5:   Policies for supporting low-carbon technologies.  

A number of countries have successfully supported near-competitive  technologies like solar and 

offshore wind with targeted policies like feed-in tariffs or tax credits (Fig.: 5). 

Next, as the technology becomes more competitive and mature in the market, governments should 

remove technology-specific support and shift to technology neutral support, for example in the form of 

green certificates or more general carbon trading. 

Finally, a number of mature and cost-competitive energy efficiency technologies are not being fully 

used in the market, due to a lack of consumer awareness or a difficulty in paying higher up-front costs.  

This requires targeted action to address these non-cost barriers. Addressing human behavior is 

difficult and tricky, but needed. End-use energy efficiency has to become “en vogue”.  

World Energy Outlook, Technology Perspectives and Roadmaps: 

Basis for decisions 

The CERT has to find its way in the rapidly changing environment. In its forthcoming meeting on 

November 3 and 4 it will discuss the use of Roadmaps for the creation of additional policy. Apart from 

the money that is missing in today’s world we have to face the self-centred motivation of politicians 

who want to be re-elected. Therefore, an important problem to solve is: “How do we make the actions 

we propose more popular?”  
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For this we have to understand how to influence our own energy technology network.  

Exertion of influence  

The implementing Agreements enlarge their range of influence with outreach-activities in non-member 

countries. Also they give input to the IEA Secretariat for policy proposals that finally reach the 

Governing Board and eventually the ministers. However, this is sort of “business as usual” and of little 

impact.  

IEA Secretariat

GB

Energy-Ministers

IAs

Resources

Outreach-

activities

Policy

Proposals

Emerging  

Countries (+5)

Publications

of IAs

IEA-

Publications

Public opinion,

Voters

IEA Secretariat

GB

Energy-Ministers

IAs

IEA Secretariat

GB

Energy-Ministers

IAs

Resources

Outreach-

activities

Policy

Proposals

Emerging  

Countries (+5)

Outreach-

activities

Policy

Proposals

Emerging  

Countries (+5)

Publications

of IAs

IEA-

Publications

Public opinion,

Voters

Publications

of IAs

Publications

of IAs

IEA-

Publications

Public opinion,

Voters

 

Figure 6:   Exertion of influence.  

Much more effective are the publications of the implementing Agreements and of the Secretariat, 

because they have an influence on the readers who again are of influence in their national and 

business environment. Through the publications of the IEA the public opinion may be influenced and 

thus the voters of government politicians? 

Within the CERT we have recognized the importance of communication. A workshop last month 

showed the weaknesses and strength of the existing communication practice with some hints on how 

to improve that will be implemented in the near future.  

Conclusion 

Politicians strive to popular with voters in their own country, whereas scientists seek the intellectual 

recognition of their peers regardless of nationality. Yet Politicians need input from science and are 

dependent on what scientists publish.  

This world needs a strong collaboration among scientists with effective outreach of results. 

Governments have to understand the importance of demonstration and pilot plants in order to prove 

the feasibility of new measures. There are never too many meetings of scientists! The sense of 

solidarity among scientists is of utmost importance for our future.  

The CERT is here to foster the international collaboration among scientists and to seek for 

harmonized standards and policy recommendations. Our collegiality is the basis for finding the right 

path in future energy technologies and policies.  
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Energy Transition – How to Convert Germany’s 

Energy Supply? 

Prof. Dr.-Ing. Jürgen Schmid, Director, Fraunhofer IWES, Königstor 59, 34119 Kassel, 

juergen.schmid@iwes.fraunhofer.de 

1 Introduction 

In order to comply with the 2°C guard rail, it will be necessary to stabilize the greenhouse gas 

concentration in the atmosphere at a level below 450ppm CO

2

eq. In 2004, the use of fossil energy 

carriers was the largest source of global greenhouse gas emissions, accounting for 56.6 per cent or 

28Gt. To stabilize the atmospheric greenhouse gas concentration between 445 and 490ppm CO

2

eq, 

global greenhouse gas emissions will need to be reduced by 2050 by 50–85 per cent from their level 

in 2000. Studies of the distribution of emissions reduction commitments among states show that 

stabilization at 450ppm CO

2

eq is feasible if by 2020 the emission rights of industrialized states are  

25–40 per cent below the emissions of 1990 and, in tandem, emissions from newly industrializing 

countries drop substantially below present projections. By the year 2050, the emission rights of 

industrialized countries will need to be 80–95 per cent below the emissions of 1990, and in all other 

regions emissions will need to drop substantially compared to projections [IPCC, 2007c]. These 

targets can be achieved in industrialized countries and in the industrialized regions of emerging 

economies by means of energy-saving measures and with the help of renewable energies such as 

biomass. This will require a targeted transformation of energy systems. 

 

2 Transformation Components 

The transformation is based on expanding the use of renewable energies in tandem with combined 

heat and power production (CHP), preventing waste heat in the transport sector, utilizing ambient heat 

for heat supply, and engaging in energy-saving measures across all sectors.  

2.1 Efficiency gains through increased direct electricity generation from 

solar, hydro and wind sources 

Electricity is presently generated largely from fossil energy carriers. The associated conversion 

generates large amounts of CO

2

. In the power plants, most of which are large-scale, only approx. one-

third of the energy contained in the fuel can be converted into electricity, while the rest is lost as waste 

heat insofar as no heat is extracted [BP, 2008]. In contrast, electricity generated directly from hydro, 

solar and wind sources avoids the waste heat losses of thermal energy conversion and thus 

contributes decisively to improving energy efficiency (Fig. 1).  
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Figure 1:  Efficiency gain through the transition to renewable energies involving the direct generation of 

electricity from solar, hydro and wind sources. In conventional electricity generation processes 

without heat extraction that make use of fossil sources, on average worldwide only a good third 

of the primary energy is converted into electricity, two-thirds being lost as waste heat. Source: 

WBGU. 

With increasing renewable direct generation, the fossil primary energy requirement for electricity 

production is reduced, and the associated GHG emissions drop in step. 

2.2 Efficiency gains through expanded cogeneration 

Cogeneration (CHP) helps to improve the utilization of fossil and biogenic fuels and thus to reduce 

greenhouse gas emissions. The use of waste heat, transported via local or district heat networks, for 

space or process heat saves energy carriers and thus reduces the primary energy requirement in the 

heat sector. The share of CHP in energy systems can be increased by tapping the major potential for 

industrial cogeneration, by carefully planning and siting new cogeneration plants, and vigorously 

expanding heat networks (Fig. 2).  

 

 
Figure 2:  Electricity sector transformation. Two key components deliver efficiency gains in the sector: 

the expansion of direct generation for renewable sources and the increased use of combined 

heat and power (CHP). Source: WBGU. 

2.3 Efficiency gains through switching to electromobility 

Present mobility systems and the associated transport infrastructure have major inefficiencies: on 

average, an internal combustion engine only converts 20 per cent of the fossil energy into shaftpower 

(determined in accordance with the New European Driving Cycle, NEDC). Apart from a small 

proportion used to heat the interior of the vehicle, the remainder of the energy is lost as ambient waste 

heat. Drives using electromotors are far more efficient, as these make approx. 80 per cent of the 

energy stored (in the form of electricity) utilizable as mechanical shaftpower. 
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The 80 per cent efficiency of electric drives (from socket to wheel) arises as follows: in the electric 

vehicle, electricity is stored in a modern lithium battery by means of a rectifier with an efficiency of up 

to 95 per cent; when travelling, this is converted back into alternating current via an inverter with the 

same efficiency, driving an electromotor that has an efficiency of approx. 95 per cent. This makes 

electric drives four times more efficient than conventional drive systems using internal combustion 

engines. This factor would still be around 3, if, under optimistic assumptions, internal combustion 

engines would reach efficiencies of 25 per cent in future and those of electric drives were assumed to 

be 75 per cent. Even if the higher vehicle weight attributable to the heavy lithium batteries is taken into 

account, the efficiency improvement factor is still around 2–2.5. 

These benefits are not harnessed as yet, however, because the origin of the electricity crucially 

determines overall efficiency. For instance if this is fossil electricity generated with low efficiency, this 

negates the energetic benefit of the electric drive. It is only from a certain efficiency of electricity 

conversion onwards that the use of electromobility becomes technically more efficient than 

conventional drive systems (Fig. 3).  

 

                          
Figure 3:  Comparison of the efficiencies of fossil of biogenic fuel use in vehicles with internal 

combustion motors and in electric vehicles. In vehicles with internal combustion motors, 

approx. one-fifth of the chemical energy filled in the tank is converted into mechanical 

shaftpower. In vehicles using electric drives, up to 80% of the “filled” electrical energy can be 

converted into mechanical propulsion. Source: WBGU. 

This is illustrated by combining the efficiency of conventional electricity generation of 38 per cent as 

shown in Figure 1 with the efficiency of an electric vehicle of 80 per cent: the overall efficiency is then 

merely a good 30 per cent, which is only slightly above that of conventional drive systems. If, however, 

the heat is utilized by means of CHP, delivering a power generation efficiency of 80 per cent, the fuel 

efficiency of electromobility becomes greater than that of internal combustion vehicles in all 

configurations. Thus, only a combination of electric drives with directly generated renewable electricity 

from solar, hydro and wind sources fully taps the efficiency potential of electromobility (Fig. 4). 
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Figure 4:  Efficiency gain in the transport sector: energy input and efficiency of a conventional drive 

system using fossil and biogenic fuels compared to those of an electric drive using renewable, 

directly generated electricity from hydro, solar and wind sources. Source: WBGU. 

Electromobility delivers further benefits compared to conventional compulsion systems: the thermal 

conversion process does not take place in the vehicle, but in a stationary system. This makes it 

possible not only to utilize waste heat, but also to sequester CO

2

. Moreover, it resolves particulates 

issues and mitigates noise pollution. Electromobility also provides potential benefits for energy 

generators and transmission system operators. It represents an energy store that is available for 90 

per cent of the day (non-driving times of vehicles), which, by means of suitable information and 

communication technologies, can be integrated and used to balance fluctuating feed-in from 

renewable sources. The prevention of conversion losses in internal combustion motors and the 

deployment of directly generated electricity in electric vehicles thus present a major efficiency potential 

in the transport sector. Electromobility systems in which the electricity utilized comes from renewable 

sources are therefore a key component of the transformation of energy systems towards sustainability. 

The above findings apply mainly to road transport, which has the largest share of energy consumption 

in the transport sector. Broad-scale deployment of electric vehicles, however, can only be realized 

over longer periods (Fig. 5).  

 
Figure 5:  Transport sector transformation: key component renewable electromobility. Source: WBGU. 
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With the exception of hybrid cars, electric drives for series vehicles are still at the development stage. 

The battery, which must store large amounts of energy yet also be light and have a long service life, is 

a neuralgic point. Nonetheless, electric vehicles with ranges of 100–200km are already being 

manufactured today, and many carmakers plan to include electric and hybrid vehicles in their fleets 

[Engel, 2007]. In the medium term, it can even be expected that electric drives will be used in heavy 

goods vehicles.  

In aviation, however, there is presently no alternative to liquid, carbon-based energy carriers. While 

the situation is similar in shipping, here new propulsion systems such as controllable kites have the 

potential to reduce the fuel consumption of a ship by 10–50 per cent. Prototypes are already in use 

[Skysails, 2008]. Rail transport already runs mainly on electricity in numerous countries and uses a 

dedicated electric grid [Oeding and Oswald, 2004; DB, 2008]. In Austria, for instance, the share of 

hydropower in railway electricity supply already amounted to 89 per cent in 2007 [ÖBB, 2008]. If it 

should become possible in future to no longer consume mineral oil in passenger cars thanks to electric 

drives, then the oil can be deployed in long-transport, in aviation and in shipping until alternatives are 

found. 

 
2.4 Efficiency gains through using electric heat pumps for heat supply 

Conventional oil- and gas-fired heating systems have efficiencies of 70–110 per cent based on the net 

calorific value (condensing boiler technology; BHD, 2008; DIN, 1990). Through direct combustion in 

oil- and gas-fired heating systems, the energy stored can be converted to 100 per cent into heat and 

almost to 100 per cent into useful heat (hot water, space heat etc.). If electricity is used in an electric 

heat pump, that raises the available ambient heat to a suitable level and renders it utilizable, 

substantially more heat can be supplied. The quotient between the utilizable heat output and the 

electrical energy consumed in the compressor is termed the coefficient of performance, and is 

determined according to defined conditions in various standards such as EN 14511 (DIN, 2008a, b; 

VDI, 2008). Assuming that electric heat pumps have an average performance coefficient of 3.5, an 

input of 1kWh electricity can deliver 3.5kWh heat, of which 2.5kWh come from the ambient heat 

[Baumann et al., 2006]. This value is especially likely to be achieved if heat pumps are linked to 

geothermal systems. Under favourable conditions heat pumps can then achieve high annual 

performance factors. As in the field of electromobility, the origin of the electricity or the efficiency of 

power generation is decisive. Only from a certain power plant efficiency onwards is the use of electric 

heat pumps more favourable than the direct thermal use of fuel, as illustrated by the following 

example. 

The present generation mix, with its efficiency of 30–35 per cent, can generate approx. 0.30kWh 

electricity from 1kWh fossil or biogenic energy. With the performance coefficient assumed here, the 

electric heat pump can use this electricity to deliver at most 3.5 times more heat, i.e. in our example 

approx. 1kWh heat. Under such circumstances the use of electric heat pumps is pointless, as the 

direct combustion of fossil or biogenic fuel would deliver the same utility. However, the useful heat 

ratio rises to approx. 200 per cent if the electricity is generated in combined-cycle power plants with 

efficiencies around 60 per cent, and even climbs to 350 per cent if the electricity was generated 

directly from solar, hydro or wind sources. It follows that the energy efficiency of electric heat pumps is 

best harnessed by using directly generated electricity (Figs. 6 and 7). Thermal heat storage systems 

can decouple electricity demand from heat demand. This allows efficient load management; for 

instance, in periods of high wind power generation, the surplus electricity can be stored in this manner. 

The observed trend towards an increasingly larger proportion of direct generation from renewable 

sources will in future substantially improve the overall energetic efficiency of electric heat pumps. 
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Figure 6:  Efficiency gain through using ambient heat by mans of heat pumps running on renewable 

electricity. Source: WBGU. 

 

Figure 7:  Heat sector transformation: through CHP expansion and the greater use of electric heat pumps, 

process and space heat demand can be met entirely in future. Source: WBGU. 

Broad-scale introduction of heat pumps greatly reduces the consumption of fossil and biogenic fuels in 

the heat sector. In combination with waste heat from CHP, the fossil primary energy requirement and 

thus GHG emissions in the heat sector can be reduced greatly; in the ideal case, directly combusted 

energy carriers can be substituted. Space heat, hot water heating and a part of process heat can all 

be supplied in this manner. A further part of process heat demand can be met by renewable electricity. 

 
2.5 Efficiency gains through energy conversion measures 

There are many ways to make the use of energy more efficient – i.e. to reduce energy requirement 

while delivering the same level of utility. Such options are available in all energy sectors. This is highly 

evident in the heat sector: thermal insulation, meeting the ‘passive house’ standard in the ideal case, 

can greatly reduce the energy required for space heating. Improved space heating systems, cooking 

stoves and hot water production systems are further examples. 
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In the electricity sector, too, there are many options. For example, in industrial processes compressed 

air is often used highly inefficiently. Installing improved sealings and exchanging leaky components 

can save electricity consumed in compressors. Savings in lighting are a further example. An 

industrialized country such as Germany only consumes 5 per cent of electricity consumption for 

lighting; however, 95 per cent of this is dissipated as waste heat when used in conventional 

incandescent lamps. If in each of the 39 million German households 75 watt standard incandescent 

lamps were replaced by 15 watt compact fluorescent lamps, which have the same light output, 2.3GW 

generating capacity, which translates into two large-scale power plants, would theoretically no longer 

be needed during the period of lighting demand. All household appliances (refrigerators and freezers, 

stoves etc.), lighting devices (LED technology) and industrial processes (electric drives, power 

electronics, etc.) could be designed so as to be more efficient, meeting the same purpose with less 

electricity consumption. Switching off stand-by circuits by installing switchable sockets, or even 

banning stand-by, is a further measure that would promote energy efficiency.  

In the transport sector, the energy consumption of all aircraft and vehicles can be reduced by 

improving their aerodynamics and reducing their weight or rolling resistance. This goal can also be 

furthered by means of socio-economic and organizational measures such as improved local public 

transport systems, better capacity utilization of buses, trains and aircraft, or improved traffic flow 

organization. The period considered decisively determines all quantitative savings potentials. 

 

3 Conclusion: Transformation energy systems by combining 

the components 

If the five components set out above are combined, the fossil and nuclear primary energy requirement 

of an industrialized country can be reduced by more than 80 per cent, and energy-related GHG 

emissions curbed accordingly. This corresponds to the reduction obligations that may result from a 

newly negotiated Kyoto Protocol for Annex I countries such as Germany. In a transformed energy 

system, GHG emissions of quantitative relevance only arise from fossil and biogenic electricity 

generation in CHP systems and in highly efficient combined-cycle power plants. The very low 

emissions from wind, hydro and solar energy are negligible in comparison. 

These five components boost efficiency in an energy system that need not be a distant vision, but is in 

fact a route that can be taken with present technology (Fig. 8).  
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0 

Figure 8:  Energy system transformation – the example of Germany, an industrialized country: five key 

components can deliver both energy and climate efficiency. Source:  WBGU using data from 

BMWi, 2008. 
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Abstract 

District energy (DE) is a means for delivering heat and/or cooling to multiple buildings from a central 

energy centre. DE spans a wide variety of scheme sizes, from a small group of buildings in the same 

neighbourhood through to city-wide schemes comprising thousands of connected buildings.   

The use of DE enables whole communities to benefit from low and zero carbon energy sources, 

including those which cannot easily be installed at the individual building level. It also confers fuel 

flexibility: the energy centre may comprise a variety of heat sources. 

Those countries which have already developed a mature DE industry have seen the penetration, 

particularly of district heating, grow to a high percentage of the total existing buildings-related heat 

demand. This paper focuses on new opportunities and challenges for DE arising from future highly 

energy efficient new buildings and the increasing role of renewables:  

 New and future buildings offer greater ease of installation for DE infrastructure from the outset but 

require substantially reduced heat demand.   

 New techniques are appearing for the DE technology itself. These include new pipe configurations 

to reduce heat losses and lower priced plastic pipe technologies that can be deployed in the case 

of low temperature systems. 

 The fuel flexibility of DE infrastructure lends itself to the integration of thermal renewable 

technologies that are crucial to the overall reduction of carbon emissions: biomass, solar thermal, 

heat pumps, deep geothermal. 

 For communities of the future, integration of systems and technologies will be of paramount 

importance. DE provides flexibility to make use of very low grade energy and is already a low 

exergy approach, routinely recycling heat that would be thrown away. Low and very low 

temperature networks allow different sources of heat (eg water lying in disused mineshafts) to 

increase flexibility in matching demand with locally available heat sources. 
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1 What is district energy? 

District energy is a means for delivering heat and/or cooling to multiple buildings from a central source. 

The countries that have developed this technology tend to have been those in which heating demands 

are of most concern, so that district heating (DH) is prevalent.  However, even Northern cities have 

significant cooling demands, so that district cooling (DC) is a growing market. 

There are three basic parts to a DH scheme (see figure 1 left): an energy centre containing the heat 

source(s), a hydraulic interface unit (HIU) e.g. heat exchangers and a network of pipes to connect 

them.   

The energy centre houses the heating plant which can include a range of technologies and fuels e.g. 

gas boilers, biomass boilers and combined heat and power (CHP). Hot water from the energy centre is 

pumped through the pipe network to the individual buildings.  

Figure 1 right shows for a dwelling, heat conveyed via the HIU to central heating radiators and hot 

water taps. Modern applications of DH can offer lower running costs and therefore lower heating bills 

for the customers. Furthermore occupant safety is enhanced because DH removes the need for gas-

fired appliances within dwellings.  

DH schemes involve major capital investment and the heat distribution network is one of the most 

expensive elements. Therefore, in order to maximise the heat sales per unit of capital invested, (i.e. 

small pipe length per unit heat delivered), DH is best installed in areas with a high concentration of 

heat demand.   

Where existing DH networks exist the best solution for any new developments will almost certainly be 

to negotiate a connection to the network. Similarly, where new DH schemes are being developed for 

new build developments, there will be benefit for all if any nearby existing buildings can also be 

connected. 

 
 

Figure 1:   (left) The principles of DH, (right) The hydraulic interface unit. (Source: BRE) 
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2 District energy for new and future buildings  

New buildings are generally more energy efficient than existing buildings. This trend will continue in 

the future due to the strengthening of the energy efficiency requirements that buildings will have to 

comply with.  

An immediate effect of the strengthening in the energy efficiency standards for buildings is the 

reduction in the amount of energy that would be required to heat future buildings. This means that: 

 Heating requirements are increasingly dominated by domestic hot water (DHW) rather than space 

heating. Figure 2 demonstrates this with three different energy efficiency scenarios for dwellings: 

base case, low energy and PassivHaus 

 The annual heat profile will be flattened, see Figure 3: a year-round base heat load will remain but 

winter heating is much reduced.  
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Figure 2: Annual space heating and domestic hot 

water requirements of new and future buildings.  
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Figure 3: Monthly space heating and domestic hot

water requirements of new and future buildings. 

Work carried out within Annex VIII of the IEA District Heating & Cooling (IEA DHC) programme

1

, and 

further work currently progressing within the current Annex IX examines the role of DE in new and 

future buildings.  

Within this work, and through associated research at BRE, modelling has been carried out of three 

representative UK new-build residential developments with different dwelling densities: detached 

house development, mixed residential development and blocks of flats.  

Figures 4 and 5 below show the relative heat distribution losses, from which the following is 

concluded: 

 For the same dwelling density, moving from the (new-build) base case dwelling to PassivHaus 

standard could double the relative heat distribution losses, although  this is more pronounced for 

lower dwelling density developments 

 The greater the dwelling density the less sensitive the relative heat distribution loss is to linear heat 

density 

 Despite the lower heat demand of new and future buildings, the heat distribution loss of well-

designed DH schemes supplying high dwelling density developments, such as blocks of flats, is 

small relative to the total amount of heat delivered by the heat network. 

                                                 
1

 www.iea-dhc.org 
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Figure 4: Variation of ratio of heat distribution 

losses to heat delivered with dwelling density 

calculated with TERMIS for single pipe systems 
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Figure 5: Variation of ratio of heat distribution 

losses to heat delivered with the linear heat 

density calculated with TERMIS for single pipe 

systems 

3 Reducing heat distribution losses 

Reduction of heat distribution losses is an important aspect of improving DH network performance, 

and has therefore been investigated mainly in countries with a history of DH. The IEA DHC 

programme has and is undertaking research looking at the use of DH to supply heat to areas of low 

heat demand density ([Zinko et al, 2008] for instance) 

In order to reduce the relative heat distribution losses one can either: 

 increase the total heat delivered by the heat network, thereby increasing the heat demand density. 

There are only limited ways in which this can be sensibly achieved, but one possibility is to shift 

some of the electricity demand of washing machines to district heating ([Zinko et al, 2008] and 

[Persson et al, 2007]) 

 reduce the absolute heat distribution losses by: 

o using higher performance pipes 

o using smaller pipe diameters, e.g. through the use of local hot water storage or 

booster pumps  

o reducing the heat network operating temperature 

3.1 Use of high performance pipes 

Traditionally, DH networks have used pre-insulated single pipe systems. However, heat distribution 

losses can be reduced further through the use of higher performance pipes such as twin pipes ([Zinko 

et al, 2008] and [Olsen et al, 2008] for example).  

Modelling has been undertaken to estimate the effect that using twin pipes has in reducing heat 

distribution losses relative to the use of single pipe systems. The results indicate that pre-insulated 

twin pipe systems can reduce heat distribution losses by 20-30% relative to pre-insulated single pipe 

systems.  

This is in line with the findings reported in [Zinko et al, 2008] which suggested that heat distribution 

losses had been reduced by 37% in twin pipe systems relative to single pipe systems. [Zinko et al, 

2008] concluded that single pipe systems should not be used in DH schemes supplying areas of low 

heat demand density. 
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3.2 Use of smaller diameter pipes 

Using smaller diameter pipes can reduce the absolute heat losses as the pipe heat transfer surface 

with the ground is reduced. The use of smaller pipe diameters can be achieved by the adoption of 

alternative network design strategies ([Zinko et al, 2008] for example): 

 Heat networks with higher temperature differences between flow and return would require smaller 

flow rates to deliver a certain amount of heat.  

 If the peak heat demand that the heat network has to supply is reduced, the required pipe diameter 

could be reduced. In energy efficient dwellings, the peak heat demand is dominated by DHW. 

Localised hot water storage at the building level could be used to flatten the demand profile and, 

thus, reduce peak demand ([Olsen et al, 2008]).  Another option would be a buffer tank on the 

primary side of the heat exchanger. 

Smaller diameter service pipes can be used alongside booster pumps. In periods of high heat 

demand, the booster pump (installed at the customer heat station), is used to increase flow. 

3.3 Lowering flow and return heat network temperatures 

Heat distribution losses can also be reduced by lowering the flow and return temperatures.  

In order to enable the use of low temperature DH systems a heat distribution system able to deliver 

useful heat at lower temperatures has to be used. This may be achieved, for example, by means of 

bigger than usual radiators or under floor heating and in-wall systems.  Additionally, the heating 

emitters and controls and the hydraulic interface between the heat network and the building heating 

systems will have to be suitably designed, in order to minimise the heat network return temperature. 

[Dittmann et al 2008] suggested that a means to further reduce the return temperature of the heat 

would be to connect customers to the return pipes. In this situation, it is likely that the return 

temperatures are suitable for space heating but not for domestic hot water provision. This might be 

solved by using other supplementary energy sources at the building level. 

It is important to bear in mind that if the return temperature is kept constant, lowering the supply 

temperature will require an increase in the network mass flow to deliver a certain amount of heat. This 

will lead to higher flow velocities and bigger pressure losses, increasing the demand for pumping 

energy.  

 

4 LowEx district energy  

4.1 District energy is LowEx 

A central part of the LowEx concept is to make use of low grade and/ or waste energy. The lower the 

quality of energy that we are able to still use, the more we preserve high quality energy for other uses. 

DH is already a low exergy approach in that sense. If networks are not solely operated by burning 

fossil fuels for heating purposes only, DH systems routinely recycle heat that would otherwise be 

thrown away: heat derived from industrial waste, incinerated waste, solar thermal, from geothermal 

power plants as well the more familiar fossil-fuelled CHP.  

For thermal power generation, use of waste heat is often a prerequisite for its financial viability: While 

the construction of the network needs large investments, heat sales add considerable value. While the 

efficiency of a CHP plant is smaller than that of a Combined Cycle Power plant optimised for electricity 

production, most of the otherwise wasted low value energy can be used for heating.  




