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About the project  

EmBuild (full name: Empower public authorities to establish a long-term strategy for mobilizing 

investment in the energy efficient renovation of the building stock) is a project initiated in 2016, which 

involves institutions from Germany, Bulgaria, Croatia, Romania, Serbia, Macedonia, Belgium and 

Slovenia. It was established to empower public authorities at local and regional level- to establish a 

long-term strategy for mobilizing investment in the energy efficient renovation of the public building 

stock, based on national strategies. 

Project background: 40% of all energy consumption and 36% of CO2 emissions in the European 

Union arise in private and public buildings. By retrofitting the building stock, the energy consumption 

at EU level can be reduced by more than 17%. The goal of the project is to identify administrative 

and technical barriers that hinder the implementation of energy efficiency projects in public buildings 

with main focus on selected municipalities. 

The project is successful, if our focus municipalities have produced solid renovation strategies for 

their building stock and became the front-runners for other municipalities across partner regions who 

follow up their example. 
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1 Introduction  

1.1 Deliverables 6.1., 6.2, 6.3, 6.4 

The deliverables of Work Package 6 are structured into four parts. Deliverable 6.1 (D. 6.1) consists of a 

broad study about basic theory of wider benefits and their implementation into the partner countries 

policy schemes. This report also serves to provide basic understanding of EmBuild countries and first 

explanations of instruments and modelling tools, which should help to incorporate wider benefits into 

balancing and decision making processes of each country.  

Deliverable 6.2 is a communication document, which will condense the findings of Task 6.1 and 6.2. It 

is based on Task 6-3 and will be split into two parts: a) a brochure in English with a visual overview over 

wider benefits and b) a fully detailed, illustrated guideline with specific content and translation for each 

EmBuild country. The second part will be published (after D.6.3) when all tools and methodologies are 

fully exploited and country specific data is ready to be communicated (March 2018).  

The final document of the wider benefits study is a compendium of easy to implement instruments and 

methodologies for EmBuild stakeholders and public officers. Based on the database developed under 

Task 6.1 the different evaluation methods, wider benefits and country specification will be merged into 

a powerful decision-making guideline. Here also risk-management and decision modelling tools will be 

implemented. In Deliverable 6.3, existing methods to increase the renovation activity will be analysed 

regarding the utilization of wider benefits. Deficits in existing methods will be identified and used as basis 

for the development of suggestions for changes in existing methods and the creation of new methods, 

with a focus on implementing wider benefits as a monetary factor into public budget balancing.  

Finally, a webinar for a high number of public authorities will foster their understanding and application 

of measuring additional benefits of energy efficiency measures. Participants will get the opportunity to 

discuss their problems and to provide feedback on existing guidelines and their way to treat wider 

benefits in their daily work.  

1.2 About this deliverable D.6.1 

This study serves as a basic paper and knowledge hub for all tasks within work package 6. It consists 

of a detailed and profound data analysis to evaluate wider benefits that follow up deep renovation 

measures and respectively energy savings. It is the first of three documents within the work package 

“estimate expected energy savings and wider benefits”. All further publication, instruments measures 

and tools are based on the data in this report. It gives a detailed insight in wider benefits and their impact 

on societies and the countries of EmBuild.  

The countries in EmBuild are characterized by significant differences regarding their resources, energy 

infrastructure, economic infrastructure and their building regulations and standards. Some countries are 

already members of the European Union; others are in accession negotiations or will remain outside of 

the EU for a certain period. The purpose of this study is not developing new wider benefits or create 

new evaluation methods, it will further adapt existing analysis to the specific interests and challenges of 

each country. The selected topics will then be evaluated in detail, based on the countries statistical data 

and enriched by case studies and current examples of the impact of deep renovation measures. As a 

final output there will be a database of wider benefits and energy savings for each country and on 

national, regional and local level. This data is going to be merged into a decision making tool and easy-

to understand recommendation guidelines. Illustrations and on-spot diagrams will help stakeholders and 

public officers to understand the importance of wider benefits.  

The presented study will also give first information and structure in how to implement the insights to 

wider benefits into the policy making process. Further publications (Deliverable 6.3) will then provide 

recommendations for incorporating wider benefits at each step of the policy cycle and for the different 

stakeholders involved.  
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1.3 Introduction to “Wider Benefits” 

Energy Efficiency and building renovation plays a major role in achieving Europe’s 2020 energy 

efficiency targets and alleviate societal problems like fuel poverty or energy security. The Buildings 

Performance Institute Europe (BPIE) estimates the necessary investment of €60-100 billion to reach 

these goals. Current investments are less than half of what is required and five times lower than what is 

necessary to deliver 2050 decarbonisation targets for buildings. The current renovation rates of around 

1% throughout most countries in Europe are stagnating and need to be tripled in the future.  

Improving the energy performance of buildings results in a broad number of benefits for individuals, 

communities and the whole society, which exceed the solely effect of energy saving benefits 

tremendously. It is one of the core challenges of EmBuild to communicate these wider benefits to 

stakeholders in public offices and motivate them to tackle EU’s environmental and social targets, to cope 

with their countries specific problems and to improve the housing quality for their citizens. A growing 

body of studies demonstrate these benefits and their positive impact on the various aspects of society 

(BPIE 2015). 

Before analysing the various impact areas of deep renovation measures in full detail, it is necessary to 

foster the understanding of these wider benefits in general. In this report, the different areas and impact 

factors, which are influenced by deep building renovation, are covered. 

What are wider benefits? 

When improving energy efficiency or performing deep renovation measure on certain buildings or 

building blocks, a wide range of effects can be observed, measured and calculated. The influenced 

areas span from direct economic impacts, like energy-cost savings or indirect economic effects (e.g. job 

creation and macroeconomic effects), over sociocultural and health benefits to public budget and 

infrastructure improvements.  

Copenhagen Economics assumes that harvesting these renovation opportunities could bring huge 

benefits to the EU economy over the coming decades. They calculate a permanent annual benefit to 

society of € 104-175 billion in 2020 depending on the level of investments made from 2012 to 2020. If 

the health benefits from improved indoor climate are included, the benefits are increased by an 

additional €42-88 billion per year. They conclude that if investments are continued after 2020, these 

annual benefits can be doubled by 2030 (Næss-Schmidt et al. 2012).  

In most design or planning phases as well as budgeting concepts only the energy savings and their 

benefits related to costs for energy consumption are considered. Especially in public budget balancing 

schemes, deep renovation or energy efficiency measures are often considered as negative positions, 

which have a payback period calculated only on the base of energy savings and the monetary payback.  

The full value of energy efficiency measures is poorly recognised and almost never implemented into 

these schemes. Furthermore, payback periods can be very long and in the end it can be very difficult 

for public officers or other stakeholders to communicate the planned measures to potential voters, 

investors or public authorities. Consequently, energy efficiency policies may lack of visibility and their 

importance is not properly communicated. Eventually these policies cannot be optimised to target the 

full potential of energy efficiency.  

The International Energy Agency (IEA) lists various reasons why other benefits of energy efficient 

measures are usually not considered and evaluated in public budget balances or energy efficiency policy 

schemes: 

 the non‐ market nature of the socioeconomic benefits, which makes them difficult to quantify.  
 the effects due to energy efficiency alone can be complex to isolate and to determine causality.  
 evaluators and policy makers working in the energy efficiency sphere are usually energy 

professionals, working for an energy agency or ministry, with little experience of how energy 
efficiency might impact other non‐ energy sectors.  

It is important to realise that energy efficiency measures have rarely only a single impact. Most effects 

of energy efficiency improvements trigger optimisations and gains in other sectors and fields. Some 

benefits like job creation can have an impact on the whole economy of a municipality, a region or even 
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a nation. These effects apply also on synergies between individual/ sectoral/ regional/ national/ 

international typologies (Ryan et al. 2012). 

Copenhagen economics also states that the current economic climate is ideal for starting energy 

efficiency projects. Due to the European economy crisis, the interest rates are on a very low level in the 

majority of EU Member States. On the other hand, economic growth is stagnating and the 

unemployment rates are rising since 2008. As the report states, the investment costs are low and there 

are ample available labour resources or: “Our results suggest that by harvesting the investment 

opportunities provided by energy efficiency renovations in the existing building stock, the EU Member 

States can stimulate economic activity at an appropriate time, which can give rise to jobs for 760,000 – 

1,480,000 people, and bring benefits to GDP of €153 - 291 billion depending on the level of investments.” 

(Næss-Schmidt et al 2012). 

The failure to properly evaluate the benefits of energy efficiency likely results in an underinvestment in 

energy efficiency. The foregone benefits represent the ‘opportunity cost’ of failing to adequately evaluate 

and prioritize energy efficiency investments. This opportunity cost may be very large, and in particular, 

in a context of increasing global demand, stress on resources, and climate concerns, they may represent 

an irreparable cost (Ryan et al 2012). 

The present study and the related communication pieces and guidelines will help to push wider benefits 

on the agenda of public authorities and stakeholders. Convincing numbers will show the significant 

impacts of energy efficiency measures on this wide range of topics. The society as a whole can benefit 

from it. By creating a decision-making framework, which is tailored to the challenges of each country, 

region and municipalities we want to ensure that every public officer gets a good argument to implement 

energy efficiency into his policies and daily work.  
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2 WP6: Methodology and Structure 

The main purpose of this study is to develop a data basis for further strategies, instruments and 

methodologies to implement the theory of wider benefits into the policy making cycle of the EmBuild 

partner countries. The connection of energy saving to wider benefits and the evaluation methods like 

quantifications and the use of data within databases were analysed. The information about wider 

benefits and energy savings was adapted to the needs of the partner countries and all findings are as 

well given in a context to these countries and related stakeholders.  

2.1 Structure and content 

This report is structured in four layers (see Figure 1). The main part and the first layer (Layer I) of the 

study give insights into the different topics covered by wider benefits, categorise them, define them and 

provide an essential understanding of which data they consist and how they relate to the EmBuild 

context. The second layer (Layer II) provides a deeper status quo analysis of the the wider benefits as 

well as related case studies. The wider benefits are categorized by their societal impact and later in the 

report, these sectors will be enriched with general numbers, statistics, case studies and general 

quantifications related to the partner countries. 

The next section (Layer III) focuses on a very specific description of the partner countries and their 

certain challenges and political situations- especially in municipalities and local areas of the EmBuild 

target regions. These characteristics will be merged with the opportunities provided by wider benefits 

through energy efficiency measures. In combination with expert interviews and survey results a first 

selection of the most suitable and applicable wider benefits and their impact on our target municipalities 

will be presented in this third layer of the deliverable. Finally, there should be a powerful instrument to 

convince public authorities and stakeholders that some effects of deep renovation apply perfectly to 

their municipalities or regions. Numbers and graphs as well as case studies, which show specific results 

of energy efficiency, will be incorporated into these selected topics.  

 

Figure 1: The structure of Task 6.1 as situated in the whole Work Package 6 
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The final chapter (Layer IV) provides insights to possible instruments and decision making tools, 

covering a technical approach to wider benefits analysis, probability modelling, statistical theory, a short 

excursion to rebound effects and the idea of efficient and guided decision-making. Theoretical 

information is spread through all chapters and will provide the reader with the necessary understanding 

of the topics. It is crucial for the success of the project, that the EmBuild Stakeholders get tailored 

solutions for their political and technical problems. We need to provide them with easy to understand 

and convincing information.  

2.2 Methodology  

The present study was created using mainly literature research and case studies. Since wider benefits 

of energy efficiency measures is a wide and complex field it is difficult to quantify and analyse all impacts 

and effects to its full extent. The study focuses on adapting the insights from various existing 

studies, models and case studies for the countries and regions of EmBuild. Adjustment factors 

and expert interviews will help to find wider benefits that would occur in a specific environment and thus 

to foster the implementation of energy efficiency measures.  

The extensive literature research was conducted to explore the mechanisms of mutual influence of 

energy efficiency effects. Macroeconomic effects, which have long causal dependencies, which are not 

always directly linked to energy savings, had to be studied from various sources. However, these studies 

were not originally created for specific regions. They calculate with broad assumptions and rough 

extrapolations applied to continents or whole societies. The challenge for EmBuild is to estimate wider 

benefits for specific countries and regions. Therefore, own case studies in different regions as well as 

various energy efficiency measures were conducted. If applicable, own assumptions and estimations 

were used. These assumptions are marked and will be explicitly explained.  

As mentioned, wider benefits cannot be calculated in full detail. Due to the lack of detailed data for 

specific impacts for specific countries and exact numbers on the following up effects it is impossible to 

quantify the exact benefits for all sectors. When health benefits should be calculated for example, the 

exact improvement of health due to improved indoor climate must be measured. Although there is 

certain evidence that there is a high impact of wider benefits on health issues, like less deaths induced 

by cold climate or deaths induced by heat waves, the exact impact rate for Bulgaria, for example, cannot 

be fully calculated.  

Therefore, the data chosen for all calculations and recommendations are distributions and statistical 

samples. The guidelines and recommendations that will be developed at a later stage, will combine 

these statistics and assumptions with real data from the specific countries. The final modelling should 

be easy to understand while reflecting all various dependencies and influences between the effects of 

energy efficiency modelling. To accomplish this goal a Bayesian Decision Network is going to be 

developed and therefore the data acquisition is based on the Bayesian Theory of probability modelling 

(for a definition and further explanations, please see Chapter 6). The biggest challenge when dealing 

with the theory of wider benefits is to communicate the positive effects of energy efficiency in a 

motivating and illustrated way. We want to provide a fully, detailed analysis of wider benefits of energy 

efficiency measures, from a stakeholder perspective covering specific challenges for each municipality 

of EmBuild.  

2.3 Partner Countries, Survey and Consultations 

The six partner-countries of EmBuild comprise of Germany, Slovenia, Croatia, Serbia, Romania and 

Bulgaria (see Figure 2). The political and economic situation of these countries is very heterogeneous. 

Serbia, for example, is still in accession-negotiations for the European Union. This provides a very 

diverse data structure. Some countries have detailed building stock databases and demographic 

analysis (like Croatia or Slovenia); others have only scarce information about their economy or 

environmental issues (e.g. Serbia). Some of these countries already investigated wider benefits up to a 

certain extent; others did not. Therefore, the following chapters will vary significantly from country to 

country. Assumptions and conclusions will be presented accordingly, in respect of transparency and 

scientific rigour. 
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Figure 2: the countries of the EmBuild consortium 

Qualitative evidence is generally gathered from case studies, focus groups, systemic interviews and 

surveys that ask programme participants to describe the impacts they experienced.  

  



  

11 

 

 

3 Wider benefits- topics, parameters and case studies 

The European Commission defined seven flagship initiatives regarding economy, energy efficiency and 

societal topics. In its Europe 2020 strategy it identified several targets to be reached by 2020, amongst 

others, including: 

 Increasing the employment rate of the active population from 69% to 75% 
 Reducing greenhouse gas emissions by 20% (compared to 1990 levels) 
 Increasing the share of renewables in gross final consumption by 20%  
 Reducing energy consumption by 20% through improved energy efficiency 
 Reducing by 25% the number of Europeans living below national poverty lines. 

(BPIE 2015) 

Energy efficiency measures, especially deep renovation, are considered one of the main driving forces 

to achieve these objectives. Energy efficiency and buildings have a strong impact on various topics of 

modern societies. 40% of all energy consumption and 36% of CO2 emissions in the European Union 

come from private and public buildings. The construction sector is still one of the biggest economic 

sectors and employment is strongly dependent on its activities. Europeans spend 90% of their time 

indoors. Depending on the quality of the building, these closed environments can also have a strong 

impact on health (EU-JRS 2003).  

This chapter focuses on the variety of impacts of energy efficiency and deep renovation measures. It 

will highlight some evaluation methods and add enriching case studies from all over the world. As the 

BPIE (2016) states, there is an urgent need for legislation that both drives deep renovation and opens 

market opportunities. An equal emphasis should be put on “hard” measures such as mandatory building 

performance levels and “soft” measures such as support programmes. These “soft measures” need to 

be based on wider benefits. Policy makers can have a strong enabling role in shaping the energy 

renovation market when regulating, driving product phase-out (for example, inefficient boilers), 

managing public procurement, funding and initiating programme delivery units, and setting up public 

private partnerships (PPPs) (BPIE 2016). Wider benefits, therefore, can be the convincing and 

motivating argument to push deep refurbishment on the agenda of our stakeholders.  

However, there is no commonly accepted definition of this term. Under the different contexts and 

purposes, different organizations made different definitions: 

 IPCC: “Co-benefits are the positive effects that a policy or measure aimed at one objective might 
have on other objectives, without yet evaluating the net effect on overall social welfare. Co-benefits 
are often subject to uncertainty and depend on, among others, local circumstances and 
implementation practices.” (IPCC, 2014) 

 IEA IBC Annex 56: “The term co-benefits includes all effects of energy related renovation measures 
besides reduction of energy, CO2 emissions and costs” (Cappelletti, et al., 2015). 
 

Since in the study the focus is mainly on positive effects the definition of IPCC is more suitable. It has 

to be mentioned that these impacts have been variously labelled in other literatures: multiple-benefits, 

ancillary benefits or non-energy benefits. For the purpose of this study, no distinction is made between 

those terms to try to capture as many different co-benefits for the building renovation sector as possible. 

Those benefits, however, can be felt at the building level by the owner or user but also at the level of 

the society as a whole.  

In order to understand the terminology wider benefits of energy efficiency measures better, a 

categorisation and a list of benefits created by the IEA is presented below. In their 2012 report 

“Spreading the net: The multiple Benefits of energy efficiency improvements” (Ryan et al. 2012). They 

propose a typology for benefits, which will be the basic structure also for this study. It shows the main 

sectors, which are influenced by deep renovation and energy efficiency interventions.  

Energy efficiency and deep renovation measures in buildings generate benefits on different levels of the 

economy or the sociocultural layer: 

 at the individual level (individuals, households and enterprises);  
 at the sectoral level (by economic sector such as transport, residential, industrial sectors);  
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 at municipality, regional level (benefits to local economic development, public budgets etc.) 
 at the national level (including macro‐ economic benefits, and benefits to national budgets);  
 at the international level (reflecting the international public good of these benefits).  

 
 

Individual level (individuals, households, enterprises) 

 Health and well being impacts 

public health improvements observed as a result of improved heating and cooling of buildings and 

indoor and outdoor air quality (Reduction of greenhouse gas emissions).  Warmer, drier and 

more comfortable homes and work places 

 Poverty alleviation: Energy affordability, access and infrastructure 

Mainly in developing countries: Reduction of energy demand and bills for the poor, to acquire 

more and better energy services,  free up income to spend on satisfying other critical needs. 

Utilities improve their supply‐ side efficiency  more electricity to more households 

 Increased disposable income 

Across all income levels, when energy efficiency improves, reduced energy bills offer increased 

disposable income for households, individuals, and enterprises  can in turn result in positive 

macroeconomic effects described below (Ryan et al. 2012). 

 

Sectoral level (economic sectors – industrial, transport, residential, commercial) 

 Industrial productivity and competitiveness 
energy efficiency improvements include reductions in resource use and pollution, improved 
production and capacity utilisation, and less operation and maintenance,  improved productivity 
and competitiveness. 

 Energy provider and infrastructure benefits 
Improved energy efficiency can help energy providers provide better energy services for their 
customers, reducing operating costs and improving profit margins. 

 Increased asset values 
investors are willing to pay a rental and sales premium for property with better energy 
performance (Ryan et al. 2012).  
 

National, Regional and Municipal level 

 Job creation 
Investment in energy efficiency  increased disposable income  direct and indirect job creation 
in energy and other sectors (green growth). 

 Improvement of public budget 
lower expenditures on energy in the public sector (including by government agencies on energy 
consumption and state‐ owned utilities on fuel purchases). In countries where fuels are imported 
 positive impact on currency reserves, and in energy‐ exporting countries  more fuels for 
export. For countries with energy consumption subsidies, reduced consumption means lowered 
government budgetary outlays to finance these subsidies. 

 Energy security 
reduced demand for energy can improve the security of energy systems across the four 
dimensions of risk: fuel availability (geological), accessibility (geopolitical), affordability 
(economic) and acceptability (environmental and social) 

 Macroeconomic effects 
increases in GDP, cumulative benefits of the above‐ mentioned impacts of improved trade 
balance (for fuel importing countries), national competitiveness, employment support. These are 
mainly indirect effects resulting from increased consumer spending and economy‐ wide 
investment in energy efficiency, as well as from lower energy expenditures (Ryan et al. 2012). 
 

International level 

 Reduced GHG emissions 
Greenhouse gas (GHG) emissions are reduced when energy efficiency improvements result in 
reduced demand for fossil fuel energy. 
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 Moderating energy prices 
If energy demand is reduced, energy prices can be reduced, particularly relative to the impact of 
the counter‐ factual of increased energy demand.  Economic competitiveness of countries, and 
improves the affordability of energy services and the availability of resources for other 
expenditures.  

 Natural resource management 
less demand can reduce pressure on resources  impacts on prices (at least for importing 
countries), as well as overall resource management. E.g., energy efficiency can help to relieve 
pressure on a scarce resource like fossil fuels.  

 Development goals 
Improved energy efficiency is important in achieving economic and social goals in developing 
countries, including improved access to energy services, eradicating poverty, improving 
environmental sustainability, and economic development (Ryan et al. 2012). 
 

Another approach is based on the three pillars of sustainability and an increased categorisation of wider 

benefits according to specific stakeholders. For policy makers the societal, macroeconomic perspective 

is more relevant, whereas for owners the private perspective is significant (Ferreiraa & Almeidaa, 2015). 

That’s why the differentiation between the different stakeholders is of great importance. 

 

Figure 3: Three pillars of sustainability (Dahmen 2017) 

The pillars are a powerful tool for defining the complete aspects of sustainability. To achieve 

sustainability economic, environmental and social factors must be balanced. In general, it is difficult to 

separate and draw a clear line between the three dimensions of sustainability. For example, the IEA 

mentions the health co-benefits inside of the social co-benefits whereas the Intergovernmental Panel 

on Climate Change (IPCC) includes them into the environmental co-benefits. However, as several 

publications consider the three pillars of sustainability important, those three dimensions are used to 

classify all co-benefits of the renovation sector in this approach (see Figure 3). 

As mentioned previously, it is sometimes difficult to distinguish wider benefits clearly. Therefore, the co-

benefits “employment”, “health & well-being”, “energy security” and “economic stimulus” are listed twice, 

in the economic and the social category. For example, investing in renovation measures can have a 

positive impact on the net gain in employment rates in the construction sector (and thus the economy), 

as well as a positive social impact by improving household incomes and reducing budgetary outlays for 

unemployment payments (IEA, 2014). Another example, health and well-being, also shows that it is not 

only a social co-benefit that improves the health through warmer homes with fewer cold spots & 

draughts, less condensation/mould and improved indoor air quality, but also puts economic savings to 

health services (BPIE 2013).  
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Figure 4 co-benefits from energy efficiency measures sorted after the three pillars of 
sustainability (Dahmen 2017) 

Co-benefits can also be correlated with one another. Figure 5 shows the connections among them.  
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Figure 5: Connections of co-benefits (Dahmen 2017) 

One other way to draw a clear line between each co-benefit or to understand clearly the interlinkages is 

to cluster theses co-benefits per stakeholder. For that, it is important to determine the different 

stakeholders that are involved in the renovation process. There is a lack of knowledge in the already 

existing studies about the allocation of the co-benefits to those that are involved in the different steps of 

a renovation. Though from the analyses of two studies, (Thessenvitz & Thessenvitz, 2014) and 

(WBCSD, 2007), the following stakeholders could be distinguished: 

 Private Clients: Building owners 
 Business & Industrial Clients: Housing associations & cooperatives, Public housing companies of 

the federation and the countries, Private housing companies 
 Tenants & Residents: holds real estate 
 Planning & Construction: Contractor, Energy inspector, Property developer, Project manager 

(construction projects), Architect, Consultant (construction projects, energy saving), Construction 
company, Building service engineer, Craftsmen / Installer 

 Supply & Retail (Manufacturers): Material and equipment supplier of energy related products & 
services 

 Society & General public: Direct and surrounding neighbours 
 Policy & Authorities: Policy maker, Planning authority, Municipality or civil servant 

Since it is difficult to find information in other studies about how the different co-benefits relate to different 

stakeholders, own estimations and suggestions according to their dependence and categories are made 

in the following tables. The co-benefits are divided into co-benefits and linked co-benefits as described 

previously. 
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Figure 6: Economic co-benefits for the different stakeholders of the renovation sector   
(Dahmen 2017) 
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Figure 7: Social co-benefits for the different stakeholders of the renovation sector 
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Figure 8: Environmental co-benefits for the different stakeholders of the renovation sector 

In general, it is important to understand that, starting from energy savings through deep renovation, the 

other effects have mutual dependencies. Energy is fundamentally linked with social and economic 

development. Thus wider benefits can have direct or indirect impacts through long chains of actions. 

For example economic growth. Job creation and investment climate have various factors that support 

their increase or decrease. Energy efficiency is only one of them. However, especially in the construction 

and energy economy sector it can have a significant impact. This study should decrypt these direct and 

indirect links and create a new transparency amongst wider benefits.  

In the following chapters, a detailed overview over the various categories of wider benefits is given. For 

every category, a detailed description of the benefit, a conclusion of an EmBuild survey (see Deliverable 

2.4) and several case studies from all over the world will be introduced.  

 

3.1 Macroeconomic benefits 

3.1.1 General 

Macroeconomic benefits comprise all effects of energy efficiency measures, which affect the economy 

of a municipality, a region, nation or also international economic affairs. Except of public budget and tax 

revenues, all positive impacts of deep renovation, which stimulate or influence the economic system are 

analysed within this topic.  

Four main macroeconomic impacts, which are typically estimated are: 

 economic development, measured by GDP 
 employment 
 energy price changes 
 trade balance 
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How and whether energy efficiency measures influence these impacts and even deliver long-term 

positive outcomes depends highly on the specific topic, the structure of its system and nature of the 

economy. On the other side, the scale and substance of realised energy efficiency measures, and the 

distribution of impacts across consumers and producers within an economic framework is the variable 

to investigate.  

Energy services like the production, distribution and consume of electricity, gas and other carriers have 

a strong influence on the level of economic development. Statistics show that countries with less 

economic development are likely to have a dammed demand for energy services (see Figure 9).  

 

 

Figure 9: Energy intensity of countries’ economies, adjusted to purchasing power parity (PPP) in 
2013 ($ per kg of oil equivalent) (source: Janssen 2015) 

Energy efficiency improvements increase the availability of energy services and therefore can cause 

macroeconomic impacts, depending on the initial level of development. For example, the British 

economy benefited from various declines in energy service prices, which were driven by improvements 

in energy efficiency.  

The IEA identified three key points or cases, which show the impact of energy efficiency measures on 

macroeconomic subjects.  

 It was modelled that each EUR 1 million invested in energy efficiency creates 8 to 27 job per year. 
 Economic development due to energy efficiency shows GDP growth rates ranging from 0.25% to 

1.1%. 
 A study by the IEA shows that through energy efficiency investment and cost reduction, the 

macroeconomic benefits manifest most prominently in the areas of increased economic activity, 
which is measured by gross domestic product [GDP], higher employment, advantageous price 
impacts and favourable trade balances.  

 

Following impacts show only a part of the huge variety of effects of energy efficiency measures on the 

economy. It was tried to select the most suitable ones for the framework of EmBuild.  

 

Economic development, measured by GDP  

An economic impact assessment following up the Energy Efficiency Directive (EED) was carried out by 

Cambridge Econometrics for the European Union. They used the so called E3ME macro-econometric 

model. It estimated that GDP could increase by a modest 0.25% if energy efficiency measures reduced 

the primary energy demand by 15.4% by 2020 (compared with reference projections) and required 

additional investments of 0.84% of the GDP (IEA 2014).  

Another impact assessment identified that achieving the targeted savings of the EED would result in a 

total increase of the EU’s GDP of +2.7% compared to baseline by 2020 (BPIE 2013).  
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In a study by Copenhagen Economics the macroeconomic impacts of energy efficiency renovation of 

buildings in Europe were modelled in a timeframe until 2020. They found, that additional investment of 

41 billion EUR to 78 billion EUR in energy efficiency measures could deliver reductions of 65 Mtoe 

(5.4%) to 96 Mtoe (8.2%) in final energy demand by 2020. This would result in an annual increase of 

GDP increase of 153 billion EUR to EUR 291 billion. These values were calculated mainly by estimating 

the number of jobs created as a result of the investment in energy efficiency and using multipliers to 

estimate the aggregated gross value added per job in different sectors (Copenhagen Economics, 2012).  

 

Public procurement and lighthouse projects, which imply energy efficiency technologies, have strong 

potential to drive the wider market for energy efficient goods and services. Like stated before, the public 

sector accounts for a large share of energy use and economic activity from the public sector represents 

a large share of GDP and employment, which feeds back into the market (IEA 2014). 

 

Energy security (see also chapter 3.4) 

Increased energy security is a commonly cited economy-wide benefit of energy conservation and 

efficiency.  The IEA defines energy security as “the uninterrupted physical availability of energy at a 

price which is affordable, while respecting environmental concerns.” The IEA model of short-term 

security consider three aspects of energy security: 

 robustness (adequacy and reliability of resources and infrastructure) 
 sovereignty (the degree of exposure to threats from foreign actors) 
 resilience (ability to respond to diverse disruptions).  

Over 70% of Germany’s primary energy demand is met through energy imports, which make up 11% of 

German imports overall. Energy efficiency strategies for deep renovation to reduce primary energy 

demand by 6% in 2020 could reduce energy imports by 4.3 billion EUR. Seeing it from that perspective, 

energy efficiency measures would not only provide energy cost savings but security against disruptions, 

as many of the countries supplying fossil fuels have a tendency to conflict or getting to dependent can 

be politically critical. For the conductors of this study, energy efficiency is the surest source of energy 

supply that exists. Many studies modelling energy efficiency measures include energy security as a key 

rationale for investing in energy efficiency (IEA 2014). 

Employment 

Compared with the same investment in the fossil fuel industry, energy efficiency services have been 

found to generate three times the number of jobs per million dollars invested. Estimated values range 

from 7 to 22 job-years per EUR 1 million invested (IEA 2014). 

Energy efficiency investment effects 

The IEA Energy Efficiency Market Report estimates that total global investment in energy efficiency 

measures in 2011 reached USD 300 billion and the likelihood is that investment in energy efficiency will 

continue to rise as more countries implement energy efficiency policies (IEA 2014). 

Energy cost saving 

BPIE’s analysis of deep renovation scenarios demonstrated the potential for net energy costs savings 

as much as €1300 billion arising to end users because of renovating Europe’s buildings between now 

and 2050. Energy bills of typical European households range between €1000-1800 per annum, 

equivalent to around 1 month of median annual income. Through energy efficiency, the expenditure for 

energy can be reduced and leads to an increase of disposable income vice versa to an increased 

expenditure on other goods and services, producing economy-wide benefits (IEA 2014). 

Economic stimulus 

In order to achieve the desired energy cost savings, a total investment of for example €940bn (present 

value) over the period to 2050 would be required to cover the cost of materials as well as labour. This 

would be a significant, valuable and lasting boost to the construction sector in particular, given the 

prevailing economic difficulties in many European markets. The employment generated could be on 

average as much as 1.1 million net additional jobs throughout the period to 2050 (BPIE 2013).  
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Property values 

There is an emerging body of evidence that buildings with high energy performance are more valuable 

(in terms of resale, the rent they can command and/or in terms of occupancy levels) than their less 

efficient counterparts  

Non-linearity occurs because more new investment is to create an additional job is necessary at higher 

investment levels. The reasons for it are logical: as investment grows over time, business is better 

organised (organisations amalgamate, economies of scale appear), competition gets stronger, new 

skills (routines) are acquired, labour productivity grows, the labour price and other input parameters also 

increase and, thanks to technological advances in materials, the real material cost ratio to total 

investment expenditure also grows. Therefore, among other things, the effect of the same nominal 

amount of investment on employment is much smaller in Ireland than in Hungary, where all prices (apart 

from imported equipment) are considerably lower (Republic of Croatia 2014). 

 

A structured overview, showing the different impact areas, their impact and the required metrics for a 

profound evaluation is shown in Figure 10. This data will be the main source for improved tools and 

instruments, which will be distributed within EmBuild Stakeholders.  
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Figure 10: Overview of macroeconomic indicators for energy efficiency impact assessment by 
the IEA (IEA 2014) 

3.1.2 Case Studies 

In this section, we want to give a short overview over monitored macroeconomic impacts of energy 

efficiency measures. The examples are not located within the EmBuild partners but should provide 

insights and experiences in how to use measure and balance wider benefits in public policy making 

schemes.  

 Economic development, measured by GDP: At national level, the government of the United 
Kingdom commissioned two studies estimating macroeconomic impacts as part of a study on 
rebound effects associated with energy efficiency measures. Econometric and computable general 
equilibrium (CGE) models indicated a reduction of final energy demand of 8% and 5% in 2010 
through energy efficiency measures, resulting in estimated GDP growth of 1.26% and 0.1% to 0.2% 
(IEA 2014). 

 Energy demand reduction effects: A macroeconomic modelling study of the Eastern Canadian 
provinces found that in a scenario where energy efficiency measures reduced energy consumption 
by 13% to 23% (depending on fuel type), it would increase GDP by USD 78 713 billion and boost 
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employment by 625 110 job years over the period 2012-40. Further analysis showed that 70% to 
90% of the overall GDP and employment impacts could be attributed to the energy cost reduction 
effects in this region of Canada (IEA 2014). 

 Job creation: Warm Zone was a flexible programme of cooperation, in which local authorities in 
Scotland, energy companies and other entities interested in fighting energy poverty were engaged. 
The aim of the programme is to identify households that need help and are at risk of fuel poverty and 
to support them by implementing energy efficiency improvements. In the programs runtime fuel 
savings up to 4,237GWh could be reached. Furthermore, due to the Kirklees Warm Zone 243 jobs 
were created and the property value increased (BPIE 2014). 

 

3.1.3 Survey Results  

In one of the previous deliverables (Deliverable 2.4) we conducted a survey throughout the EmBuild 

Stakeholders. Interviewees were also asked about wider benefits and in particular what effects of wider 

benefits they have experienced in their daily work. They also could express their view on the impact of 

energy efficiency measures on the economy.  

As expected, most participants answered, that they see a strong economic impact of energy efficiency 

measures. In particular, in Slovenia, 78 % of participants see the impact of deep renovation mainly in 

the economic sector. One can conclude that most stakeholders are also operating in the monetary field. 

Nevertheless, it is also the most important sector. Without investment and financial power, most deep 

energy efficiency measures cannot be implemented. A similar, even more homogenous picture is drawn, 

when looking at the operating level of the EmBuild Stakeholders. Whether working on a local or national 

level, most respondents (above 70%) think that energy efficiency hast the most benefit on the 

macroeconomic level. After doing a cross-analysis with the different types of stakeholders, the trend 

persists. Private bodies, like companies and consultant institutes, answer with 75%, that the economy 

is improving the most through energy efficiency. Local authorities seem to have the same opinion. Only 

regional authorities only agree to 54 %.  

In an open question participants were asked, what in particular they could observe when analysing wider 

benefits of deep renovations. In the following, the most interesting answers were collected:  

- Improved comfort indoor quality (enough daylight, fresh air, suitable temp. and acoustics) This 
affects the working efficiency and learning capability of children. Only this can be increased to 
15%. Long-term impact on Economic Growth 

- Better working conditions through up to date lighting, shading, ventilation 
- Reduction in energy costs. Because of co-financing the cost was recovered in less than one year. 
- The cost-effectiveness of projects larger than expected 
- Consumption monitoring and energy produced from renewable sources and reduced costs for 

heating and maintenance 
- invoices monthly 
- Improving performance to extend the life cycle of buildings. 
- Local value added, since less imported fossil energy, fire protection unnecessary, ease of 

operation (personnel costs) Simplification in accounting Profit of land; Conversion of former 
central heating 

- Reduces operational costs, creates financial sources for investments in equipment and 
increasing comfort in buildings 

- Lower bills, increased accessibility to energy costs in winter / summer. Grants money efficiently 
in future years = zero waste. 

- Ongoing monitoring introduced energy accounting. 
- Energy-management 
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3.2 Impact on public budget  

3.2.1 General 

Related to macroeconomic analysis but focused only on public authorities and their possibilities, are the 

impacts of energy efficiency measures on the public budget. Most governments already work with 

methods to estimate costs to the public budget and, in many cases, the direct monetary benefits of 

diverse policy measures. The usual public budget estimation calculates (mainly at regional or local level) 

only the government revenue and expenditure for a given year and the year following. This implies two 

problems: the full range of public budget benefits is not considered and secondary, indirect impacts on 

public revenue are not estimated within the budgeting. This is in particular a problem for the financing 

of energy efficiency measures, which have a broad range of benefits, long payback periods and diverse 

indirect, secondary impacts.  

This chapter is dedicated on the investigation of the value of improving the calculation methods for public 

budget in- and outflows to better recognise the full impact (multiple benefits) of energy efficiency 

measures within public budgets (Næss-Schmidt et al 2012). By including wider benefits into future 

calculations, by extending the time-framework of public budget schemes, the arguments and motivation 

for investments in deep renovation of the building stock become a new, profound status. Combined with 

the international pressure to reach climate protection goals, the benefits on the public budget can be a 

powerful instrument to convince EmBuild Stakeholders. The following section are based on the IEA 

report on wider benefits (IEA 2014) and should give an overview over facts, obstacles and benefits 

regarding energy efficiency and public budget balancing.  

 

Facts: 

Energy use and costs in the public sector are estimated at between 2% and 5% of global energy use. 

The share may be twice that high in countries with extensive district heating systems (Datasource: World 

Bank) The public sector share of heat and electricity use is even higher. In the EU-15 (EU before eastern 

expansion in 2004) the public sector was responsible for 10% of total heat and electricity consumption 

(2001), with some variation among countries depending on the size of the public sector (IEA 2014). 

When looking at the public sector as an economic driver, the European Union contributes about 19% of 

the GDP of the European Union. Worldwide, the percentage of GDP attributable to the public sector 

ranges from 10% to 25% (IEA 2014). 

 

Obstacles:  

In addition to what is stated above, the International Energy Agency identified diverse reasons why 

public budget impacts are not routinely estimated in government public budget calculations:  

 Energy agencies often focus on operational outputs rather than broader, long-term policy outcomes 
 Broader public budget outcomes are perceived to be difficult to measure  
 government energy and environment departments often lack access to the tools to calculate these 

wider benefits and energy efficiency impacts 
 The scope of changes to public budgets is perceived as too small for government finance 

departments to prioritise in budget estimations 
 Policy makers tend to underestimate both the effort required to conduct evaluations and the value 

of their outcomes 
 The relationship between public and private investments and the respective returns are not clearly 

identified 
 Policies are assumed to be simple public service expenditures 
 Tax rates, and thus changes in revenue, are short-term variables; energy efficiency assessments, 

however, need to be sufficiently long term to capture the lifetime benefits (~20 years). This leads 
to a mismatch 

 At present, data are lacking for the positive impacts of energy efficiency in the public sector; as a 
result, policy impact assessments risk being incomplete and biased against energy efficiency 
programmes. 

 In countries with substantial levels of energy taxes, energy efficiency programmes may trigger 
lower energy tax revenues, which must be compensated elsewhere. 
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Public budget benefits of energy efficiency measures: 

 Overall: Investment in energy efficiency holds potential to deliver additional tax revenue, provide 
higher returns on investment, and lower the costs of unemployment and social welfare 
programmes. Additionally it provides lower energy consumption, by expanding markets for energy 
efficient goods and services, and by reducing the fiscal drain of energy subsidies. Along with 
increased tax revenues from greater spending by the public, lower public health spending and 
reduced investment in energy infrastructure, these effects can offset any lost revenues from energy 
excise duty and carbon taxes. 

 Reduced operational costs: Numerous cases highlight how the public sector, particularly 
municipalities, has directly reduced operational costs by implementing energy efficiency measures, 
often with low investment costs. 

 Increased sale value of properties: Growing evidence suggests that investment in energy efficiency 
measures increases the sale value of properties.  

 Lower operating costs: Energy efficient products have been found to decrease overall costs for 
public organisations by around 1% due to their lower operating costs. This value-for-money 
characteristic should be clearly communicated to citizens and stakeholders. Moreover, carbon 
dioxide (CO2) emissions are reduced by 25% on average under green public procurement 
programmes 

 Reduction of investments in energy infrastructure: Reduced energy demand can lead to a reduction 
of investments in additional energy generation capacity and the creation, operation and 
maintenance of energy infrastructure. Since in many countries energy infrastructure is owned (or 
at least part owned) by the state, this leads to further savings for the public budget. 

 Increased VAT revenues through energy efficiency goods: The increase in sales and in particular 
the VAT (value-added tax, which is estimated to make up 20% of government tax revenue) 
revenues from energy efficiency goods and services may flow to governments. In many countries, 
VAT or sales taxes account for a high share of government tax revenue; e.g. in France, it is 47%. 

 Reduced payment for unemployment: Studies show that the greatest impact of energy efficiency 
measures on public budgets is the reduced payment for unemployment benefits because of jobs 
created through energy efficiency programmes. Investment in energy efficiency measures, 
products and services can create employment in the relevant sectors or indirectly in non-energy 
sectors.  

 Direct energy cost savings in public buildings and infrastructure: The most direct impacts on the 
public budget can be balanced, when energy efficiency measures are applied directly to the public 
sector, generating lower energy consumption and related lower energy expenditures. For example, 
deep renovation measures implemented in centrally and municipally owned government buildings, 
improvements in water and waste utilities, in state or semi-state energy providers, in public lighting, 
or in institution facilities such as schools and hospitals. 

 Direct energy cost savings in residential buildings: In the European Union, the public sector owns 
7% of residential buildings and 29% of non-residential buildings, so a significant share of total 
energy cost savings from any energy efficiency measures in buildings accrue to the public sector. 

 Reduction of subsidy drain: reduced public payments for subsidies for both energy production and 
consumption. Reducing demand and supply through energy efficiency measures can significantly 
lower the subsidy burden within the public budget, provided the costs of the efficiency measures 
are less than the value of the savings obtained. In some countries the range of the subsidy rate 
can be very large, reaching as high as 87% of the full cost of the fuel supply  

 Impact on public health budgets: Significant health benefits through energy efficiency and deep 
renovation measures in buildings can be measured and calculated. By reducing health issues 
within buildings and regarding environmental issues, the public spending on healthcare and 
production losses due to illnesses can be reduced accordingly. For more detailed and extended 
information, please see chapter 3.3. Health and well-being impacts (IEA 2014). 

 General Impact on public finances: According to a Copenhagen Economics investment in building 
retrofits, given prevailing high levels of unemployment in many Member States, will have a positive 
impact on public budgets, equivalent to 0.5-1.0% of GDP (BPIE 2013). 

 

The goal regarding wider benefits of energy efficiency measures in public benefits is to create and 

establish a comprehensive benefit-cost analysis. This requires separate estimations of the cost 

reductions and changes to revenues. Existing methods can be incorporated into the existing specific 

schemes and extend the limited view on investments and payback periods. However, there are 



  

26 

 

 

limitations, which have to be considered when doing so. For example if the spending on energy 

efficiency is not additional investment but simply shifting from other sectors. In addition, there is relatively 

little experience with estimating the full public budget impacts of energy efficiency measures and 

programmes. While the public budget costs are generally calculated for implementing new energy 

efficiency policies and programmes, the full revenue implications, both positive and negative, do not 

appear to be routinely estimated as part of the policy appraisal process. 

 

Figure 11, created by the International Energy Agency, gives a short overview over a basic assessment 

scheme, which will be improved and extended in Deliverable 6.3.  

 

Figure 11: basic assessment of public budget impacts from energy efficiency programmes (IEA 
2014) 

3.2.2 Case Studies 

Like in chapter 3.1, some case studies should illustrate the potential of wider benefits of energy efficiency 

in public budgets.  

 Retrofit of public buildings: The Federal Buildings Initiative of Canada is a voluntary programme 
that facilitates energy efficiency retrofit projects in buildings owned or managed by the Government. 
To date, more than 80 retrofit projects have been implemented, attracting USD 312 million in private 
sector investments and generating over USD 43 million in annual energy cost savings. These FBI 
projects have demonstrated average energy cost savings of 15% to 20% and have reduced the 
impact of operations on the environment - cutting greenhouse gas emissions by 235 kilotonnes (kt). 
They also found, that energy efficiency measures would reduce sales tax collections from the sale 
of energy; however, the loss will be more than offset by increased tax collection resulting from the 
efficiency-driven increase in economic output (depending on the countries tax rules). 

 Energy efficiency improvement within older infrastructure: Countries with older energy 
infrastructure face a period of heavy investment. Ecofys (2013) cites the example of Poland, where 
37% of installed electricity capacity is 30 to 40 years old. To meet currently projected demand, the 
estimated investment needed for the Polish electricity system by 2030 is USD 122 billion to USD 
136 billion. The National Energy Conservation Agency calculates that Poland has the potential to 
save 30% to 35% of current energy demand through energy efficiency measures. 

 Public buildings energy management: The city of Lviv (Ukraine) launched, in 2006, a monitoring 
and targeting programme for energy including natural gas, district heating, electricity and water 
consumption in 530 public buildings. Targets for monthly utility consumption are determined 
annually, based on historical consumption. Utility use is reported monthly and reviewed against the 
target, deviations spotted are acted upon immediately. The performance of buildings is 
communicated to the public through a display campaign. This programme reduced annual energy 
consumption in Lviv public buildings by about 10% and tap water consumption by about 12%, 
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translating to estimated net savings of USD 1.2 million (UAH 9.5 million) as of 2010. These 
significant savings have been achieved with minimal investment and recurring programme costs.  

 Sustainable municipal procurement: The ÖkoKauf Wien (EcoBuy Vienna) programme in Vienna 
(Austria) has developed, since 2000, a model for sustainable municipal procurement. More than 
100 ecological criteria, including energy efficiency, are used for purchasing goods and services in 
23 categories, including paper, vehicles, lighting, building services, office supplies, cleaning agents, 
textiles, etc. Through this programme, the city has achieved annual cost savings of about USD 23.8 
million (EUR 17 million) and reduced CO2 emissions by about 30 kt (IEA 2014). 

 

3.3 Health and well-being impacts 

3.3.1 General 

One of the main aspects of the EmBuild project is to promote and foster deep renovation, which means 

a whole-building approach to energy efficiency. This includes improving insulation, heating and cooling 

systems, lighting and energy-using equipment. Main outcomes are reduced energy costs and the 

establishment of warmer, drier and more comfortable indoor environments.  

These effects of improved indoors have been linked with direct impacts such as lowered risk of illness 

and with indirect physical health benefits. Studies show that health benefits of energy efficiency 

measures can go even beyond physical illnesses. Mental health burdens are often associated with cold 

homes, poor building quality and bad indoor comfort, including the financial stress of high energy-bills. 

Poorly executed energy efficiency interventions that degrade indoor air quality actually carry a risk of 

damaging health.  

Health and well-being improvements through deep renovation have broad impacts on the society. 

Studies show, that the health and well-being interactions among different physical, social, economic and 

environmental variables could outweigh the economic benefits of energy demand and emission 

reductions, in terms of both financial and social value. Financial benefits are reflected in avoided 

hospitalisation and pharmaceutical costs, as well as the cost savings from fewer days absent from work 

or school, all of which can lead to reduced public health budget expenditure (IEA 2014). Like other wider 

benefits, Health and well-being assessment is multidisciplinary. Thus, energy efficiency agencies need 

to be ready to work with institutes. Stakeholders and public officers dealing with health, housing, social 

welfare, urban planning and, related to air pollution, also those dealing with environment, transport and 

industry. To deepen the severe of this topic one has to have in mind the following numbers. In 2012 the 

World Health Organisation (WHO) estimated 7 million deaths resulted from indoor and outdoor air 

pollution, making this the world’s largest single environmental risk (WHO, 2014). 

 

In this chapter the different health issues related to buildings, the benefits of improving building 

standards and the second-round benefits for the public budget will be illustrated.  

Health Issues 

The building quality, indoor comfort, heating and ventilation of dwellings and household has severe 

impacts on the health of its inhabitants. The following list gives an insight on the various health issues, 

which can evolve when one of the indoor comfort factors is lacking or does not exist.  

Cold temperatures: The most severe effect of under heated homes are deaths. The EWM measures 

the increased rate of death witnessed in most countries during winter periods. Reasons for winter deaths 

have been linked to inadequate housing and heating, and a failure to protect many older people from 

extreme winter weather. It has been proven that the seasonal variation in blood pressure is more 

strongly related to indoor than to outdoor temperature. Additionally, it was estimated that up to 65% of 

the EWM is due to cold and associated diseases, while between 30% and 50% of excess winter mortality 

is attributed specifically to housing conditions (IEA 2014). Excess Winter Deaths are almost three times 

higher in the coldest quarter of housing than in the warmest quarter (BPIE 2013). Except of deaths, the 

Cold Weather Plan for England clearly states direct health impacts of cold weather and a cold home as 

follows: 

 Heart attack 
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 Stroke 
 Respiratory disease 
 Influenza 
 Falls and injuries 
 Hypothermia 

 

 

Figure 12: Excess winter deaths index between 2007 and 2012 in the EU 28 (Source: BPIE, IEA 
2014) 

Hot temperatures: Not only cold temperatures have an effect on health and well-being. The equivalent 

on EWM are excess summer deaths suggesting that energy efficiency measures could also help to 

guard against the impact of heat extremes. Studies show that the body reacts even more sensible to 

heat. Thus hot temperatures and subsequent dehydration can be a greater contributor to temperature-

related deaths than cold. The heat wave in France in 2003, for example, resulted in an excess of 14 800 

deaths between 1st and 20th August, mostly of elderly individuals. Excessive heat has also negative 

health impacts for pregnant women (studies from diverse countries have linked excess heat to lower 

birth weight of babies) IEA 2014). 

Mental Health: Inefficient housing and fuel poverty and chronic thermal discomfort have been shown 

to affect mental health by various ways.  

 anxiety 
 stress  
 depression  
 worry about physical health 
 social contact 
 affecting development of children. 
 financial stress related to high energy bills and the experience or fear of falling into debt 

Alleviation of financial stress is the most commonly observed driver of mental health improvements 

through energy efficiency. 

Outdoor air pollution: Outdoor air pollution is estimated to cause 3.3 million premature deaths every 

year poorly planned and inefficient modes of transport are a major contributor; electricity generation 

technologies and energy consumption by buildings also play large roles (IEA 2014).  

Dampness moisture and mould in indoor environments: Indoor mould exposure is responsible for 

12% of new childhood asthma in Europe, which means 55,842 potentially avoidable illnesses and 83 
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potentially avoidable deaths per year. Additionally, indoor dampness causes 15% of new childhood 

asthma in Europe, which represents approximately 69,462 potentially avoidable illnesses and 103 

potentially avoidable deaths per year (WHO 2012, IEA 2014). 

 

Figure 13: people living in a dwelling with leaking roof, damp wall, floors or foundation in Europe 
in 2012 (Source: Eurostat, BPIE 2014) 

Housing Quality: Numerous investigators have examined the correlation between mental health and 

housing. Inadequate housing indirectly affects children’s educational attainment and emotional well-

being, while it can also affect their diet if households reduce spending on food to afford fuel to keep 

warm (Csiba 2016). 

Fuel Poverty. Individuals or families who technically have access to energy but cannot afford adequate 

levels to meet their basic needs. There is no official definition for fuel poverty and every country has its 

own approach to measure these effects. One definition for example is that fuel poverty is representing 

any household spending more than 10% of its annual income on energy. Reasons for fuel poverty are 

to find at the nexus of low income, poor housing quality and high energy costs. The IEA estimates that 

more than 150 million people are living in fuel poverty in the European Union and that this number is 

growing. In Particular, children in low-income families, the elderly and those with pre-existing illnesses 

are most at-risk to the health impacts of fuel poverty. Furthermore, different studies have examined the 

correlation between fuel poverty and health impacts, such as: 

 Indoor cold and mortality 
 Indoor dampness, mould problems and childhood asthma; and 
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 Housing quality and mental health 
 Negative impacts on dietary opportunities and choices. 

(BPIE 2014) (Csiba 2016) (BPIE 2013) 

In this report fuel poverty will be a main topic as a societal benefit. For more details, please see chapter 

3.6.  

 

Health benefits 

Energy efficiency measures have significant impacts on the improvement of physical and mental health 

of occupants. Mostly based on IEA 2014, the following list shows the health benefits which arise through 

deep renovation.  

 Positive impacts on respiratory and cardiovascular diseases: In buildings, measures to improve 
insulation, heating and ventilation systems can have positive impacts in reducing respiratory and 
cardiovascular diseases, allergies, arthritis and rheumatism.  

 Mental health improvements: they also drive significant and consistent mental health improvements  
 Less respiratory diseases and health issues through lower air pollution: Improved efficiency in 

transport and power generation systems resulting in reduced local air pollution has demonstrated 
potential to lower the incidence of respiratory disease, as well as conditions related to inadequate 
physical activity and traffic-related stress and injuries. 

 Vulnerable groups: Positive health outcomes are consistently strongest among vulnerable groups, 
including children, the elderly and those with pre-existing illnesses. 

 Benefit-cost ratio: When quantified health and well-being impacts are included in assessments of 
energy efficiency retrofit programmes, the benefit-cost ratio can be as high as 4:1, with health 
benefits representing up to 75% of overall benefits. 

 Affordability of energy bills against mental issues: Energy efficiency measures that improve the 
affordability of energy bills in low-income homes can have a measurable effect on improving mental 
well-being (e.g. happiness and coping) and preventing mental disorders (e.g. anxiety and 
borderline depression)  

 Less stress and depression: Evidence is strengthening that direct benefits also extend to mental 
well-being issues such as the reduction of stress and depression. 

 Less weather related deaths and illnesses: Reduced respiratory disease symptoms and lower rates 
of excess winter mortality (EWM) in cold climates. Fewer deaths from dehydration are reported in 
heat extremes (IEA 2014). Countries which have more energy efficient housing have lower Excess 
Winter Deaths (BPIE 2013) 

 Outdoor air quality: Improving building insulation also has measurable impacts on outdoor 
concentrations of regional air pollutants. Very low-energy buildings were found to deliver emissions 
reduction of 9% in particulate matter and 6.3% for sulphur dioxide in north western Europe  

 Reduction of energy related expenses- more money for health: Energy efficiency measures reduce 
energy-related expenses, which can drive a further set of health benefits, directly (e.g. by reducing 
stress) and indirectly (e.g. by freeing up finances for other health-supporting expenditures). 

 Reduced illness at work: Energy efficiency in workspaces can reduce the prevalence of 
communicable illness, generating fewer days lost due to illness while also enhancing occupant 
satisfaction. The European Health Optimisation Protocol found that low-energy buildings have 
lower rates of reported ill health and absenteeism due to poor indoor air quality.  

 Solve the heat or eat dilemma: Energy efficiency measures that result in lower energy bills can help 
to address the “heat or eat” dilemma faced by low-income households. The dilemma refers to a 
trade-off made between paying for energy bills and other necessities, such as food, which can lead 
to nutritional problems (both malnutrition and obesity).  

 Less school absences: energy efficiency retrofit programmes that improve respiratory health of 
child occupants, leading to a reduced number of school absences. A 15% reduction in days off 
school has been measured among children in homes that received energy efficiency upgrades.  

 Better housing = better health: Based on one study, adults who move to housing of better structural 
quality have better mental health. Better housing conditions also improve children’s performance 
at school. 

(IEA 2014) 
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Public budget benefits 

 Energy efficiency retrofitting of low-income housing have delivered various benefits, with health 
improvements representing as much as 75% of the total return on the investment  

 Modelling a high-energy efficiency scenario showed that reduced indoor air pollution could save 
the European public health budget 73 billion EUR per year in 2020. In a low energy efficiency 
scenario and as much as 140 billion EUR (Copenhagen Economics, 2012). 

 Health improvements at the individual level generate indirect social impacts and relieve pressure 
on public health budgets (IEA 2014).  

 

Requirements for healthy buildings 

There are various and very detailed requirements in order to improve indoor climate and comfort. 

Science is still examining the best set up and thresholds for optimised indoor climate. This report should 

not be a technical guideline on how to improve buildings and indoors. However, we want to give an idea 

what has to be done to create a healthy building.  

 Ensuring good indoor air quality means minimising levels of toxins such as radon and other gases 
and particulate matter that can be generated by inefficient heating and cooking methods. 

 Adding better ventilation systems can improve indoor air quality by reducing the incidence of toxic 
gases and particulates caused by inefficient heating systems  

 Measures to replace old inefficient cooking and refrigeration appliances can reduce the number of 
injuries caused by their use and support improved nutrition. 

 Insulation and energy efficient windows will prevent outdoor heat and cold from penetrating the 
building, while deeper energy efficiency principles, such as building positioning and depth of eaves, 
can be built in at design stages to facilitate natural cooling respectively passive heat gains. 

 The installation of thermostatic controls on heating systems can ease stress by enabling 
householders to self-manage the trade-off between warmth and bills  

(IEA 2014) 

A graph by the IEA 2014 shows a comprehensive overview over energy efficiency measures, the related 

direct and indirect health outcomes.  
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Figure 14: overview of direct and indirect health and well-being impacts of energy efficiency 
(IEA 2014) 
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How to evaluate these health impacts is topic in Deliverable 6.3. Here it will be tried to give an overview 

over various methods and instruments. Additional tools will be introduced and the assessment methods 

will be integrated in the policy cycle.  

 

3.3.2 Case Studies 

 Warm Front Scheme: Anxiety and depression are associated with financial pressures. The Warm 
Front Scheme, which was conducted in England reduces the level of anxiety and depression by 
reducing the percentage of people which have difficulty in paying their fuel bills. More specifically, 
the prevalence of anxiety or depression fell by 50%, from 300 to 150 per 1000 occupants after 
Warm Front measures. Additionally, the beneficiaries of the scheme were 40% less likely to report 
a high level of psychological distress (BPIE 2014).- 

 Warm Zone: Was a flexible cooperative programme in Scotland interested in fighting energy 
poverty are. Within the program, they identified households that need help and are at risk of fuel 
poverty. They supported them by implementing energy efficiency improvements. Kirklees Council 
invested £13.3million in the Kirklees Warm Zone project, while Scottish Power provided an 
additional £11 million. The total net social benefit of the Kirklees Warm Zone programme was 
estimated to be £248.8 million, with the majority of this amount (£156 million) coming from the 
reduced energy bills. Moreover, the economic benefit from the savings to the National Health 
Service (NHS) was estimated at £4.85 million. Health benefits are mainly from improvements in 
mental wellbeing due to better thermal comfort, reduced utility bills and improved home safety. 
Additionally, from an environmental perspective, for the next 40 years the Warm Zones programme 
is projected to save annually more than 23,000 tonnes of CO2 emissions, while in the same period 
the fuel savings are estimated to reach 4,237GWh. Furthermore, due to the Kirklees Warm Zone 
243, jobs were created and the property value increased (BPIE 2014). An overall benefit-cost ratio 
of 0.2:1 was calculated for the whole project, indicating that 20% of all programme costs were 
recouped on the basis of positive health impacts. Mental well-being impacts accounted for 
approximately 50% of that benefit (IEA 2014). 

 Warmer Homes Scheme: the “Better Energy Warmer Homes” scheme in Ireland targets 
vulnerable and fuel poor homes, and provides advice and funds for the implementation of energy 
efficiency measures. The energy efficiency interventions are completely funded by the scheme and 
include measures such as attic insulation, draught proofing, energy efficient lighting and cavity wall 
insulation. People benefitting from the scheme improved their vitality (energy and fatigue) and their 
general health conditions. The number of beneficiaries who suffered from long-term illness or 
disorders decreased by 88% after the adoption of energy efficiency measures. Additionally, the 
recipients showed significant improvements in health problems associated with heart attacks, high 
blood pressure/hypertension, circulatory problems, problems with joints/arthritis, headaches, and 
physical and mental disability (BPIE 2014). 

 The Heat Smart (WUNZ: HS) programme in New Zealand provided energy efficiency retrofits to 
households on low and medium incomes. WUNZ: HS was a strong example of multiple policy 
objectives being integrated within a common policy. It provided funding for insulation retrofits and 
clean, efficient heating for households. In the first study, retrofitting of insulation in 1 400 households 
where occupants had respiratory problems led to clear improvements in occupants’ respiratory and 
mental health. The second trial combined retrofitted insulation and installation of non-polluting 
heating in 400 households where there was a child with diagnosed asthma. They found a causal 
link between more efficient, non-polluting heaters and improvements in children’s respiratory health 
and school attendance. The monetised impacts (which included health and other NEBs as well as 
energy cost savings) delivered a benefit-cost ratio for the programme of over 4:1. The project shows 
that 99% of that ratio consists of health benefits, with reduced mortality accounting for 74%. They 
also found that targeting dwellings in colder areas or with lower levels of insulation would deliver 
enhanced benefit-cost ratios. 
 

3.3.3 Survey Results 

Even if the survey (see project Deliverable 2.4) did not cover the impact of energy efficiency measures 

on the health and well-being of occupants, some of the participants of the EmBuild study did observe 

effects they wanted to communicate.  

 Ventilation systems create optimum room climate 
 Comfort especially in winter. Low humidity and air quality especially in summer. 
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 Improves overall microclimate in kindergartens and schools and hence reduce diseases of children 
and increases attendance of kindergarten and primary school. 

 Reducing CO2 emissions gives positive global impact on the health of people in local scale - 
reducing air pollution (e.g. heating solid fuel and cars - smog) 

 The reconstruction of the building created a better working climate and healthier environment, 
especially for people who have problems with allergies. 

 

3.4 Industrial sector benefits 

3.4.1 General 

The positive impact of energy efficiency measures (e.g. installation of controls, heating and ventilation) 

on the work environment contributes to substantial economic benefits (IEA 2014). Improving the quality 

of indoor environments for example (in terms of air quality and lighting) can enhance cognitive ability, 

concentration and productivity in non-domestic environments, such as schools, businesses and offices. 

Furthermore and as mentioned before, energy efficiency in workspaces can reduce illnesses of 

employers and occupants and thus generates fewer days lost due to illness while also enhancing 

occupant satisfaction.  

The IEA review of existing studies shows that improved energy efficiency can deliver multiple benefits 

across the industry value chain, leading to enhanced competitiveness, more cost-efficient production, 

reduced operation and maintenance (O&M) costs and new export opportunities. It can also lower the 

costs of environmental compliance, extend equipment lifetime, improve process and product quality, not 

to speak from improved work conditions and decreased liability (BPIE 2013) (IEA 2014). 

When incorporating these benefits into energy efficiency assessment and in particular budgeting for 

such projects, it can have surprising outputs for decision makers. Multiple studies (see IEA 2014) show, 

that a more comprehensive assessment of benefits reduced the payback period by half. This can be a 

strong motivator for implementing energy efficiency measures. Specifically when it comes to integrate 

these measures in public budgets or corporate investment schemes. Investment in industrial energy 

efficiency projects can generate additional positive impacts for individual companies and for the 

economy. 

Broader socio-economic benefits in the industrial sector can even lead to improvements in local and 

global pollution, employment creation, stimulation of new business sectors improved international 

competitiveness and enhanced energy security (please see the related chapters). 

Industrial sector benefits 

- Working environment 
- Increased works concentration, cognitive ability, well-being  leads to increased productivity 
- Improved site environmental quality 
- Increased worker health and safety 

Competitiveness 

- Ability to enter new markets/increased market share/ new export opportunities 
- Reduced production costs 
- Deferred plant capital investments 
- Corporate risk reduction 
- Improved reputation, corporate image 

Production 

- Capacity utilization 
- Improved product quality 
- Increased product value 
- Through energy cost savings  higher investment scope 
- Higher employment 

O&M 

- Improved operation 
- Reduced energy cost 
- Reduced need for maintenance 
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Environment 

- Lighthouse . effect also for employers and occupants 
- Reduction of air pollution and emissions 
- Solid waste reduction 
- Waste water reduction 
- Reduction of input materials, e.g. water 
- Compliance with environmental thresholds and directives 

 

3.4.2 Case Studies 

Assessment of energy efficiency in corporations: The Australian Energy Efficiency Opportunities 

programme requires large energy-using corporations to conduct energy efficiency assessments, and to 

report outcomes each year. The government devised an evaluation method that would account for a 

broader range of business costs and benefits. Consequently, assessments now include (a) direct 

energy-related costs and savings; and (b) other quantifiable costs and benefits, including the following:  

 capital cost or an avoided capital investment 
 cost of maintenance, waste disposal, water usage, or occupational health and safety 
 cost associated with a project delay 
 cost associated with a change in productivity, or the quality or quantity of an output. 

Improvement of learning ability of students Improving the learning ability of students in primary 

schools is estimated to potentially boost gross domestic product (GDP) in Denmark by USD 235 million 

(EUR 173 million) through the increased productivity of future workers. 

Increased production Worsley Alumina, an Australian aluminium producer, initiated a system 

optimisation project to reduce energy demand. The measure delivered additional benefits like reduced 

need for operator intervention (reduction of workload and operator error), improved system stability and 

reliability, lower maintenance needs and fewer charge-outs. These multiple benefits enabled the 

company to increase production by 3 000 tonnes of aluminium per year, having a commercial value of 

USD 6 million per year (USD/a) (given a sales price of USD 2 000 per tonne). 

(IEA 2014) 

3.5 Energy system benefits 

3.5.1 General 

Energy efficiency measures create direct benefits to customers, such as reduced energy and 

maintenance costs or improved quality and affordability of energy services. However, they can also 

generate benefits for energy providers: 

 avoided costs for energy generation 
 avoided costs for transmission 
 avoided costs for distribution (T&D) capacity  
 avoided costs for line losses.  

Where regulation limits emissions and sets renewable resource obligations, energy providers also 

benefit from avoided carbon dioxide (CO2) emissions costs and can meet obligations at a lower cost. 

These benefits in sum can replace lower unit sales because of energy efficiency (IEA 2014). 

Energy security 

The energy system benefit, which is affecting EmBuild stakeholders the most, is the impact of energy 

efficiency measures on the energy import bill. Almost all member states of the European Union are more 

or less reliant on energy imports to satisfy demand (see Figure 15). The energy demand reductions 

achieved through building renovation will have a positive impact on an energy import/ export balance. 

This effect varies a lot, depending on the type of fuel or energy but has a significant political stake. 

Currently, the EU imports the majority of its energy needs, at a cost of €355 bn annually. According to 

the latest IEA projections in World Energy Outlook 2014, this import dependency for both oil and gas is 

projected to increase substantially over the coming years (IEA 2014) 
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Figure 15: Energy dependence of EU member states in %, all energy products, (2012, source: 
Eurostat) 

Another unit to express the dependence on energy and resource import is the so-called building stock 

vulnerability. This indicator expresses the vulnerability of buildings and dwellings to gas supply 

interruptions. The most countries in the south-eastern European region have a certain amount of 

building stock vulnerability (see Figure 16). Their vulnerability would not be perceived immediately 

following a gas supply disruption, since countries like Bulgaria, Croatia, Hungary, Romania, Serbia and 

Slovakia, have built gas storage facilities. These facilities are between 60% and 75% full and able to 

cover 10% to 45% of inland gas consumption for a limited period, until their supplies become scarce. 

However, since the most countries import a high percentage of their gas (see Figure 17), further actions 

need to be planned to provide energy security. One task foresees an increased diversity of supply routes 

and sources for the region, which is consuming time and money and mainly shifts the problem into 

various sources. Another, sustainable and long-term approach is the roll-out of a major renovation 

programme focused on the gas-consuming building stock, resulting in its transformation into a highly-

efficient, electrified and renewable-based system with a significantly reduced need for gas. Energy 

security therefore would only be one of various wider benefits, like discussed in this report. A dedicated 

renovation programme could, within 20 years, address all gas-consuming buildings in South-East 

Europe and reduce the building stock’s gas consumption by 70% of the current consumption (BPIE 

2016-1).  
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Figure 16: Building stock vulnerability in south-eastern European countries (BPIE 2016-1) 

Gas import dependency 

Bulgaria  Croatia Serbia  Slovenia Bosnia &H. Slovakia Romania 

83-93% 29% 71% 100% 100% 98% 5% 

Figure 17: proportion of national gas use that is imported (BPIE 2016-1), (Eurostat 2014) 

Further energy system benefits in short:  

 Energy security: Reducing energy demand is a key component of energy security and is 
acknowledged in “A Strategy for Competitive, Sustainable and Secure Energy” published by the 
European Commission 

 Avoided new generation capacity: According to EU Commission estimates, achieving the 20% 
energy efficiency target would avoid the construction of the equivalent of 1000 coal fired power 
stations or 500,000 wind turbine installations 

 Reduced peak loads: By avoiding use of the most expensive generation capacity which is required 
to meet peak demands, and lowering the load, and hence the losses, in the transmission and 
distribution systems, all electricity users benefit from reduced system operation costs (BPIE 2013). 

 Reduced need for additional power plant capacity: Clean energy measures can reduce the 
need to build or upgrade power plants or reduce the size of needed additions. 

 Avoided or reduced transmission and distribution (T&D) investments: Clean energy 
measures, such as customer-sited renewables and clean DG (including CHP), which are sited on 
or near a constrained portion of the T&D system can delay or avoid the need to build or upgrade 
T&D systems or reduce the size of needed additions. 

 Avoided energy loss during transmission and distribution: The delivery of electricity results in 
some losses due to the resistance of wires, transformers, and other equipment. Through less 
energy consumption, also the losses will be reduced. Additionally distributed resources reduce 
these losses by virtue of being closer to the load. 

 Other energy system benefits:  
- avoided ancillary service costs, 
- reductions in wholesale market clearing prices, 
- increased reliability and power quality,  
- avoided risks (e.g., risks associated with the long lead-time investments for conventional 

generation and from deferring investments until environmental and climate change policies 
are known) 

- improved fuel and energy security. 
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3.5.2 Case Studies 

Evaluation of energy provider benefits: Efficiency Vermont is the entity that acts as the energy 

efficiency obligation (EEO) scheme administrator operating under the Vermont Public Service Board in 

Vermont, United States. It provides technical support, as well as rebates and other financial incentives, 

to Vermont households and businesses to reduce their energy consumption, often through installation 

and retrofitting of energy efficient technologies and infrastructure. In its 2010 annual report Efficiency 

Vermont demonstrates that the energy efficiency programmes reduced energy demand by 110.8 

gigawatt hours over the 10.4 year average life of the measures – at a total cost of USD 33.5 million. In 

evaluating the annual impacts of energy efficiency measures, the Vermont Study takes into account a 

comprehensive range of the multiple benefits to energy providers. This approach found an overall 

benefit-cost ratio of 2.3:1 for the services offered. Ultimately, these energy provider multiple benefits 

(together valued at more than USD 104.8/MWh) should benefit all customers. 

Benefits for energy provider through increased energy safety: Mass DPU from Massachusetts 

began including multiple benefits for participants (which it calls “non-energy impacts”) as part of the 

programme benefit-cost analysis in 1999. Mass DPU guidelines include the following: 

 resource benefits that include other fuels saved (e.g. oil, wood, liquid petroleum gas) and water 
 savings non-resource benefits, including customer O&M savings and reduced environmental and 

safety costs 
 all quantifiable benefits for low-income customers. 

The recent DPU evaluation indicates that the multiple benefits for energy providers are about USD 16 

per low-income programme participant. Over half of this amount is due to reductions from safety-related 

emergency calls to the energy provider. 

Avoid capacity investments: A study of widespread energy efficiency deployment in the Southwest 

used the calculated potential energy savings to estimate avoided capacity investments of about $10.6 

billion by 2020 (SWEEP, 2002). 

Negative case study, energy blackout: The financial implications of the East Coast blackout in August 

2003 help illustrate the importance of a reliable energy system: the blackout lasted a couple of days and 

affected about 20 percent of the U.S. population. This resulted in economic losses of $4.5 to $10 billion. 

Reduced peak load demand: The Public Benefits Funds (PBFs) of New England concluded that— 

based on 2004 forecasts from a Capacity, Energy, Load and Transmission (CELT) report, that regional 

demand-side management activities would reduce peak demand by 1,421 MW from a forecasted peak 

of 27,267 MW, which is a reduction of about 5 percent (Mulholland et al 2011). 

Energy provider benefits: An evaluation of the annual impacts of energy efficiency measures carried 

out by energy providers in one US state incorporated a broad range of multiple benefits and found an 

overall benefit-cost ratio of 2.3:1 for the services offered. Incorporating water, fossil fuel and electricity 

savings into the analysis boosted the ratio to 2.9:1 (IEA 2014).  

3.5.3 Survey Results 

The EmBuild survey, which was conducted and presented within Deliverable 2.4., contained also 

questions to the impact of energy efficiency measures on the energy system. Surprisingly, most 

participants did not see or experience impacts on the energy system (Throughout all countries 52%-

69%, see Figure 18). It is to assume that it was not clear for them what these impacts could look like, 

what the energy system comprises and probably they did not take into account long-term effects.  
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Figure 18: answers to the EmBuild survey, what impact of energy efficiency measures on the 
energy system could you observe? (authors illustration)  

The answers analysed by different authorities and location of operations provided the same results. One 

exception is to find in answers from regional authorities. Even though also here the most answers did 

not see an effect of deep renovation on the energy system, almost 30% did recognise some impact.  

In general these results, compared to the clear numbers and various benefits, stated before, provide the 

clear task to raise awareness for wider benefits within public authorities and stakeholders. The 

understanding, the scope, the experience is not yet sufficient to include wider benefits and in particular 

energy system benefits in budgeting and investment schemes. This has to be changed through intense 

communication and information programs.  

In addition, the answers in the open question section show that the complexity of energy systems and 

the possibilities of energy efficiency within these systems is not fully understood.  

Answers to open questions 

- Sold less heat, gas 
- Monitoring of operation  
- modern energy equipment 
- control and adjustment system 
- normally too much installed supply solutions 
- reduction of final energy consumption in the company 
- reduction in primary energy consumption 
- Process control variables, energy and control the energy system. 
- stable energy supply without undue peak periods (electricity, gas) 
- The response of the heating system on the current changes / needs in buildings is faster, but 

more reliable supply. 
- Consumption monitoring and energy produced from renewable sources 
- Energy accounting - note that the projections on energy demand were quite conservative. 

Actual savings (taking into account the temperature deficit) are actually larger (integral 
approach of performance). 
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3.6 Social Impacts  

3.6.1 General 

Within all kinds of wider benefits of energy efficiency, social aspects and impacts are the hardest to 

identify and in particular to measure. The quantification of human behaviour or long-term social effects 

on neighbourhoods and households is depending on a significant number of unpredictable variables. 

This section focuses on social impacts that are somehow identified. Mainly some core social problems 

will be illustrated and how deep renovation schemes can solve them.  

One of the most prominent and most investigated social problems in the European Union and in 

particular in the EmBuild countries is poverty and related to energy and buildings, fuel poverty (see 

Figure 19). One out of four Europeans is at the risk of poverty and social exclusion (EUROSTAT, 2016). 

The problem is well known. As part of the Europe 2020 strategy, at least 20 million people should be 

lifted out of the risk of poverty. However, the recent evaluation of the Europe 2020 strategy reveals that, 

due to the economic crisis, the number of people at risk of poverty increased from 80 million prior to the 

crisis to 124 million in 2012 (BPIE 2014). In addition, the poverty issues will evolve. European population 

is ageing and it is estimated that in 2050 there will be twice as many people above 65 years of age than 

in 1990. Elderly people are among the most exposed to poverty and in particular fuel poverty. Statistics 

show that they are likely to have lower income than the active population, they usually need higher 

indoor temperatures, they are more prone to diseases, they need social assistance and they have higher 

risks for investing in their homes (BPIE 2014). 

These facts should clarify why fuel poverty is the prominent topic in this chapter. However, poor housing 

can have severe health and social problems for the whole population. Crowding into a single heated 

room increases exposure to communicable disease and limits ability to do homework (thus educational 

achievement) or other private tasks. Mental health issues, tensions within the household and direct 

health issues are the consequences.  

Energy efficient measures and deep renovation on the building stock can address these issues and 

provide an even wider scope of social benefits. By improving homes and also public offices and spaces 

people can overcome social isolation, they can identify with the building better, the do not need to be 

embarrassed by their uncomfortable conditions anymore. These measures can deliver improved social 

cohesion and sense of community among residents, higher rates of school attendance, healthier 

lifestyles and improved access to local services (IEA 2014).  

Respondents of the EmBuild survey found various more benefits that should be included here. They 

could observe a change of user behaviour towards more sustainable and energy efficient living as well 

as some proudness of the buildings they working in. The lighthouse effect of such projects and help to 

raise awareness about social and energy topics. People were much more interested in buildings and 

cared much more about it.  
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Figure 19: At risk of poverty rate and threshold, (Eurostat 2014) 

Fuel/ Energy Poverty 

As mentioned, poverty is one of the big, rising social problems within the EU. The affordability of energy 

services is a growing issue. The term “fuel poverty” (sometimes described as energy scarcity or energy 

poverty) describes this problem. Even though this concept is widely known and recognised, there is so 

far no official international definition for fuel poverty. In France “anyone who meets, in its housing, 

particular difficulties to have the necessary energy to meet its basic energy needs because of the 

inadequacy of its resources or of its housing conditions” is considered to be in fuel poverty. In the Irish 

definition, “fuel poverty has been described as the inability to afford adequate warmth in a home, or the 

inability to achieve adequate warmth because of the energy inefficiency of the home”. In the UK, 

according to the first official definition (1991) “a household is said to be fuel poor if it needs to spend 

more than 10% of its income on fuel to maintain an adequate level of warmth”. We think that all 

definitions describe the problem appropriate and lead towards the right direction. According to several 

evaluations, it is estimated that between 50 and 125 million Europeans are currently fuel poor (over 10% 

of the population). It is time to implement measures to fight against this issue. Combating poverty without 

tackling fuel poverty is unlikely to be easily achieved (BPIE 2014). 

Technically, the thermal quality of the housing and the efficiency of the heating source will determine 

how much energy and fuel is needed to effectively heat houses to healthy levels. Inefficient 

accommodations, with bad thermal quality are expensive to heat. Low-income households often live in 

low standard dwellings or houses, thus they consume more heating energy and in the same time have 

less income to afford adequate heating. There is a strong link between bad housing, energy demand 

and energy poverty. Many studies have shown that poor maintenance in housing is a key factor in 

increasing energy demand, which affects on energy poverty and with negative health impacts. Figure 

20 gives a detailed information about these three variables in the target countries of EmBuild (BPIE 

2016-1) 

.  
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Figure 20: indicators of fuel poverty as a share of total population (Source Eurostat 2014, 
Illustration BPIE) 

There are many ways to cope with fuel poverty issues and to protect vulnerable consumers, including 

social tariffs for energy, social subsidies and heating grants to low-income households. However, these 

passive measures are only aiming to preserve the status quo. Most of the time they also represent an 

increasing burden for public budgets because they do not create economic growth or leveraging private 

investments. Therefore, the most effective and sustainable way for consumers to reduce their energy 

bills is through reducing the energy demand of the building by implementing energy saving measures.  

Thus, shifting the subsidies and support schemes of public budgets to the energy renovation of fuel poor 

or vulnerable households may face the problem of fuel poverty but in the same time generate economic 

growth and social inclusion. Most of the time, the reduction of energy cost is not even the most desired 

benefit. Even if energy costs are kept at the same level, the indoor comfort for inhabitants’ increases 

significantly, which avoids associated illness or premature death due to the impact of low temperatures. 

Finally yet importantly, the energy renovation of poor districts may give an important sign of social 

inclusion to people living at the edge of society (BPIE 2014). Furthermore and stated various times in 

this report, the implementation of energy efficiency measures can create or maintain jobs, reduce illness, 

rehabilitate poor districts and therefore contribute to social inclusion. Results from implemented energy 

renovation programmes targeting the fuel poor in some EU countries demonstrate these positive effects. 

The only downside of this approach is that energy efficiency measures that radically improve the energy 

performance of buildings require significant investments. Homeowners in fuel poverty are less likely to 

have the necessary financial possibilities. Therefore, energy efficiency measures for fuel poor people 

are largely depending on the availability of public financial schemes and regulatory measures able to 

provide effective answers to the above-mentioned problems (BPIE 2014) (Csiba 2016).  

3.6.2 Case Studies 

Negative case study, wrong distribution of funding’s: In the UK, a report published in May 2012 

revealed that from 2008 to 2014 the overall government budget spent on fighting fuel poverty had a 

significant drop (-20%). From the fuel poverty budget, the income support programmes receive the 

highest portion (70%) while on the contrary, energy efficiency measures received only small percentage. 

The main income support programme is the “winter fuel payments”, which accounts for two-thirds (66%) 

of the total budget (2013-2014). Despite the fact that this scheme spends the highest portion of the fuel 

poverty budget, only 12% of the recipients are thought to be fuel poor and it is even paid to seniors living 

abroad. 

Alleviation of fuel poverty and warmer homes: In Ireland, around 1.32 million people were at risk of 

poverty in 2012, while almost 20% of the households have been estimated to be in fuel poverty. The 

government is trying to support vulnerable households through a national fuel scheme. This scheme is 

used to fund energy efficiency measures in low-income households. From the available data, it can be 

concluded that the energy efficiency scheme receives the lowest funding from the “fuel poverty” budget 
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(BPIE 2014). However, the energy efficiency interventions are totally funded by the scheme and include 

measures such: attic insulation, draught proofing, energy efficient lighting and cavity wall insulation. 

From 2000 to 2013 over €82 million were distributed through the Warmer Homes Scheme and more 

than 95,000 homes were supported. The scheme resulted in a substantial percentage of beneficiaries 

being lifted out of fuel poverty. Specifically, the percentage of the beneficiaries who were unable to pay 

the utility bills on time showed a significant decrease; the rates dropped from 48% (before the 

interventions) to 28%. Additionally, remarkable improvement was observed in rates regarding the ability 

of the beneficiaries to keep their home adequately warm. Before the implementation of the energy 

efficiency measures, only 27% of the families with children were able to keep a comfortable temperature 

at home, while after the interventions this percentage increased considerably to 71% (BPIE 2014). 

Financial grants: The Warm Front Scheme in England was designed to help vulnerable households 

out of fuel poverty by implementing energy efficiency measures in their homes. Through the scheme, 

2,324,500 households were assisted from 2000 to 2012, with a total budget of £2.843 billion. Eligible 

households could receive a one-time grant up to £3500 for professional installation of energy efficiency 

measures such as for improved insulation of walls and attics, air sealing and replacement of windows 

and doors, etc. If more expensive measures, such as central heating installation, were required, the 

amount allocated to the household could reach £6000.  

Lifting households out of fuel poverty: Warm Zone in Scotland was a flexible programme of 

cooperation between several utilities and government organisations to fight energy poverty. The aim of 

the programme was to identify households that need help and are at risk of fuel poverty by implementing 

energy efficiency improvements. From 2007 to 2010 the project assessed 133,746 dwellings and 

provided energy retrofits to 70,645 homes (42,999 free loft insulations and 21,473 free cavity wall 

insulations). For this period, the fuel expenditure saving for the recipients was more than £3.9 million 

per year. The majority of the net social benefit (£156 million) came from reduced energy bills. Wider 

benefits included health benefits, comprising improvements in mental wellbeing due to better thermal 

comfort, reduced utility bills and improved home safety. The programme, managed to fully remove 1,375 

households from fuel poverty (out of 22,61876 in 2006) in three years while improving a large number 

of houses with a significant positive societal benefit far exceeding the programme‘s budget. 

100% grants for improvements in households: In 2009, the Lithuanian government signed a funding 

agreement with the European Investment Bank (EIB), establishing the Lithuanian JESSICA Holding 

Fund (HF) for multi-family building renovation. The project included the participation of housing 

administration companies, municipalities, commercial banks engineering consultancies, contractors and 

the Housing and Urban Development Agency. The Fund offered long-term loans with a fixed interest 

rate (3%) for the improvement of energy efficiency in multifamily buildings, while for applicants and 

families on low incomes, up to 100% of the loan could be converted into a grant. From 2005 to the end 

of 2012, 479 multifamily buildings have been renovated, providing energy savings of 82,258 MWh/year 

and a reduction of CO2 emissions of 20,884 tonnes/year. In 2010, 33% of the beneficiaries admitted 

that their income was low and almost all their money was spent on food and on the maintenance of the 

apartment, while 16.8% of them were already receiving heating subsidies. Although the renovation 

subsidies covered up to 44.5% of the improvement cost, for 28% of the beneficiaries the loan had a 

significant impact on their budget (BPIE 2014). 

REELIH is a five-year initiative launched in 2012 by Habitat for Humanity International (HFHI). The 

project stimulates the development of financial services and products for low-income households. 

REELIH is promoting viable and sustainable financial models, such as loan products, rebate schemes, 

and guarantee funds, which will outlast this project. Results: REELIH has completed retrofits in four 

buildings in Bosnia, and eight in Armenia, directly benefiting over 2,300 people with up to 50% in energy 

savings (Csiba 2016).  

3.6.3 Survey Results 

Looking at the survey results of the EmBuild survey (for more information see Deliverable 2.4.) gives a 

very heterogeneous feedback from the partner countries. Thus, a significant high number of respondents 

recognised impacts on the social system of their surroundings, induced by energy efficiency measures 
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(see Figure 21). Especially in Croatia and Serbia, the participants could experience the impact of deep 

renovation on social issues (53%, 46%). Slovenian respondents on the other hand did not really 

recognize a significant change in the social sector (67%).  

When looking on the kind of institution, which answered our questions, a surprising trend is to observe. 

50% of private bodies see a strong correlation of energy efficiency measures and improvements in the 

social sector. One explanation could be that they are working more with private households or have 

experiences in office environments. However the public authorities seem no to be convinced. Also here, 

the more local the institute is working the more they could observe social impacts of energy efficiency 

measures (see Figure 22).  

 

 

Figure 21: answers on if there is a social impact of energy efficiency measures by country 
(author’s illustration) 

 

Figure 22: answers on if there is a social impact of energy efficiency measures by type of 
operating institution (author’s illustration) 
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As mentioned before, also, here we asked an open question, which led to very interesting and positive 

answers.  

Open answers on positive social impact 

- Increased public awareness on energy efficiency measures 
- greater interest of the public and pressure on the City to implement new projects 
- Awareness rising 
- Great interest from visitors to our buildings and our experiences with the building. 
- Patients and employees feel a more human conditions and decent work environment. (I gave 

the example of efficient hospitals) 
- People are difficult to change, but when things are done, they like it. 
- I noticed a much improved mood much improved interior comfort  
- Increased awareness and involvement of administrators of buildings, energy evaluation. 
- In terms of social impact, consumers are very interested in obtaining a healthy living 

environment and comfort that interest began to grow slightly. 
- Users are satisfied with the system, comfort is better than before refurbishment 
- The refurbishment of a public building serves as an example for private renovation if the 

result is good. 
- Change of user behaviour, it has an exemplary character and fosters imitation when 

accompanied with public relations work 
- higher interest of the beneficiaries of the state of buildings and systems in it 
- Within the scope of the energetic redevelopments, many buildings were visually upgraded. 

Schools in particular have benefited from the economic stimulus packages and the municipal 
guidelines, while facades have been designed in an attractive manner. 

 

3.7 Environmental impact 

3.7.1 General 

Environmental impacts of energy efficiency measures induce direct benefits. The effects of energy 

savings immediately affect environmental topics like O2-Emissions, particulate matter, greenhouse gas 

emissions, air pollution in general. In addition, the constructions of new buildings, material and resource 

use and the different sources of energy have an influence on the environment.  

CO2 and greenhouse emissions describe an international issue, which has its impact not necessarily 

on a local level. Climate change as a result affects regions but the emission of greenhouse gases is 

distributing on much wider areas. Poor air quality on the other hand is a serious local problem in many 

parts of Europe but in particular in South-Eastern Europe. When considering particulate matter (PM), 

the four towns/cities within Europe with the highest PM10 emissions are all within countries in this region. 

In total, 17 out of 50 European towns/cities with the highest atmospheric concentrations of PM10 are in 

the region, as well as 13 out of 50 for the smaller and more damaging to health PM2.5 particles. All 

these areas exceed the WHO guidelines for particulate emissions by a factor of at least two. According 

to the EU, especially in the eastern European areas, domestic fuel burning is the main source of the 

pollutants PM10 and PM2.5, the former accounting for close to half of the total. Deep renovation 

measures and energy efficiency schemes will have a significant impact on the air quality in this cities 

and regions. An additional change of heating technology, for example more affordable heat from 

renewable resources, could improve the situation even more (BPIE 2016-1). 

As mentioned, the most recognised and evaluated environmental impact of energy efficiency is the 

reduction of CO2 Emissions. According to BPIE’s analysis, carbon emissions from regulated and 

efficient energy use in the building sector across the EU-27 could be reduced by 71% up to 90% in 2050, 

depending on the rate of decarbonisation of the energy system. The importance of the building sector 

in achieving carbon savings is amply illustrated by diverse studies (buildings are responsible for about 

40%-50% of energy consumption, thus a similar amount of greenhouse gas emissions in the EU) 

(Eurostat 2014). Buildings hold the greatest potential for cost effective carbon emission reductions. By 
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reducing the need for energy production from fossil fuels, there is a reduction for pollutants such as 

SO2, NOx and particulates that are damaging to health, to buildings and the environment (BPIE 2013). 

3.7.2 Case Studies 

Saving of CO2 emissions: Warm Zone in Scotland was a flexible programme of cooperation, in which 

local authorities, energy companies and other entities interested in fighting energy poverty were 

engaged. For the next 40 years, the Warm Zones programme is projected to save annually more than 

23,000 tonnes of CO2 emissions, while in the same period the fuel savings are estimated to reach 

4,237GWh. Furthermore, due to the Kirklees Warm Zone 243 jobs were created and the property value 

increased (BPIE 2014). 

For this section, not so many case studies were investigated. The direct link between energy savings 

and reduction of greenhouse gas emissions as well as other pollutants seems to be clear and no further 

examples are needed within this study.  

3.7.3 Survey Results 

A short look on the EmBuild survey (see Deliverable 2.4) shows us, that the impact of energy efficiency 

measures and deep renovation schemes on the environment is widely known and experienced. Almost 

throughout all countries, there is high consent that energy savings have a direct influence on reducing 

air pollution. One exception is to find in Serbia, where 60% of the respondents did not see an impact. 

The reasons therefore are not clear. One could assume that they see the grey energy and invested 

resources for building refurbishment as higher as the reduction through refurbishment. The impact on 

the environment is nevertheless also dependent on the current situation and fuel sources.  

The analysis of the answers from authority and institutional perspective shows also some interesting 

answers. Here again the majority of respondents did recognise the effect on environmental issues. 

However the more private the institutions are, the less they see an impact on the environment (for private 

bodies, 36% see no impact). This could be driven by the consensus in various markets or economical 

sectors or the lack of a deeper understanding of environmental regulations and directives.  

The open answers on the other hand prove again the consensus within the respondents, that energy 

efficiency measures have a significant impact on environmental issues.  

Open answers on positive environmental impact 

- Audit 
- The central control system (conversion of actual consumption), comfort and interior record 

external meteorological data. 
- Less greenhouse gas emissions 
- Lower CO2 emissions 
- CO2 measurement 
- established energy accounting 
- Reducing energy consumption and emissions, increasing the use of renewable energies 
- Appropriate materials 
- Decrease of individual stoves, CO2, air pollution, decrease in smog in case of inverse weather 

conditions Electricity credit by decentralized combined heat and power use  
- A cleaner environment and healthier. 
- materials and technologies with minimal embedded energy / materials indigenous 
- lowering primary energy consumption 
- The use of renewable energies and the substitution of fossil fuels is very often evaluated very 

positively by users, operators and the general public. 
- Only with a good energy evaluation, these can be made visible. The successes are seldom 

published. 
- Reduce harmful emissions, proven by subsequent audits and independence of the problems 

in the sector of extraction of timber 
- Reducing CO2 emissions gives positive global impact on the health of people in local scale - 

reducing air pollution  
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3.8 Occupant/ user impact 

3.8.1 General 

This section is under development and will be investigated in much more detail in the country specific 

chapters and in following up deliverables. The impact of energy efficiency measures on the user or 

occupant has a very wide variety. Some of the impacts are measurable and scientifically proven; others 

depend on personal, subjective feelings and perspectives. In the following, we focus only on measurable 

impacts and the views and opinions of the EmBuild stakeholders, which they provided via the EmBuild 

stakeholder survey.  

The most technical and investigated impact of energy efficiency on occupants in buildings is the indoor 

comfort. Strongly connected to well-being and health, indoor climate is one of the main reasons to 

conduct energy efficiency improvements. Increased comfort is a real benefit that can be quantified in 

terms of increased temperature from having a better-insulated, less draughty building. Better indoor 

climate, also in office buildings can increase productivity, well-being and personal health. It can reduce 

the sick building syndrome and raise awareness for energy and sustainability. Some studies even show 

a behaviour change office workers, turning towards a more sustainable lifestyle. Refurbished homes 

and workplaces furthermore are easier to maintain at comfortable temperatures, avoiding both 

overheating in summer as well as underheating in winter (BPIE 2013) (BPIE 2015). 

EmBuild is mainly focusing on public offices and publicly owned building, the behaviour and subjective 

impacts of private persons at home is not from major interest for the project. 

3.8.2 Survey Results 

In this section, we would like to present the various perception of what kinds of impact, energy efficiency 

measures can have on users or occupants. There was no further evaluation performed. The answers 

should stand for their own. Occupancy is a subjective topic and it was more than inspiring to see what 

kind of occupant impacts EmBuild stakeholders could observe within their refurbishment projects.  

Open answers on positive occupant impact 

- The positive attitude of users, especially children under the newly built energy efficient building. 
- More natural light and fresh air affects the well-being of the user. The impact of the living room 

is often neglected. It is also the monitoring of improved indoor climate after the implementation: 
CO2, humidity, temp., Lux.  

- People do not have the experience of what it means to live in places with plenty of daylight, so 
this experience is welcome and it means a lot. In schools / kindergartens we installed "so-called" 
CO2 traffic lights, which gives users information and at the same time raising awareness about 
air quality. In this way, they trust mechanical ventilation. 

- Improved well-being of employees and users" 
- Better living conditions for citizens, thermal comfort and higher quality of living environment. 
- Better working conditions 
- Improved energy saving behaviour 
- User awareness regarding energy efficiency 
- Better identification of users (especially students) with rehabilitated buildings, less vandalism 
- Behaviour change (slowly) 
- Growing concerns for conscious control of energy consumption. 
- role model of public authority is very important 
- changes in habits and increased awareness 
- A caring attitude to arrange for heating, lighting and more.  
- Achieving energy savings is subject to an intelligent building management system, a user must 

be able to override the system. It is essential to raise awareness of the user's operation of the 
building and its components, and the coordination of technical intelligence with the needs of the 
user 

Open answers on negative occupant impact 

- The mayor's office and the building authority are often cited as examples of the city's role as an 
example for the completion of energetic renovations. The actual impact is difficult to name. 
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- Indifference households / servants who receive subsidized renovations. Awareness of consumers 
who are renovating their own budgets or those of private economic environment. 

- Increased occupant comfort and tenders but they now consume more energy 
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4 Country specific characteristics, parameters and wider 
benefits 

The core topic of this study is the detailed analysis and comparison of the countries and administrative 

layers of the EmBuild regarding the implementation and evaluation of wider benefits. Only when having 

a detailed database about all the characteristics, specific problems and challenges of every country, 

region and municipality, it is possible to start a target oriented, straight forward allocation of wider 

benefits of energy efficient measures.  

Geography is a very dynamic science. Data of countries, political situations, demographics, economy 

all vary significantly between very short periods. However, the intention of this study was to create a 

reference how wider benefits can be adapted to specific countries and regions. Therefore it was 

important to keep the data comparable and on the same status quo throughout all countries. As sources, 

the “CIA-The World Factbook”, the Eurostat database of the European Union were chosen. These 

sources have detailed information about all countries, and most important, comparable datasheets. For 

some specific data and details, different and local sources were consulted. Data from other sources 

than mentioned have their reference sources highlighted.  

4.1 Survey Results 

Before going into each countries details, the overall results of the EmBuild stakeholder survey regarding 

the wider benefits of energy efficiency measures should be analysed. The participants of the survey 

were asked on which of the given topics they think energy efficiency has an impact (see Figure 23). Not 

surprising and stated in the chapters before, the most respondents (n° 165) saw the Economy as the 

main benefit of deep renovation. Job creation, economic growth, the creation of new economic sectors 

are of main interest for the most of the stakeholders. Since energy refurbishment of the building stock 

is always a question of financing and funding, this result was to expect. The second most answers were 

given for the environmental impact (n° 136). As mentioned in chapter 3.7. , environmental goals like 

reduction of CO2 emissions and air pollution are main drivers for building refurbishment and thus this 

result was to expect as well. However, the positive impact of deep renovation on sociology, energy 

systems and the occupant or user need to be communicated and investigated better. These benefits 

are not yet considered, as they should be. This report should give an insight about the status quo of 

wider benefits..  

 

Figure 23: EmBuild Stakeholder Survey: what impacts do energy efficiency measures have on 
the listed topics? 
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The next chapters will highlight countries specifications and basic data. Wider benefits will be allocated 

to these specifications and for each country; there will be a specific range of fields of action. In order to 

provide a realistic, practical guideline we considered results from a workshop with experts from the 

EmBuild consortium. The answers reflect concerns and obstacles of all kinds of institutions when it 

comes to communicate and implement wider benefits in public frameworks. The following part of the 

study and the upcoming deliverables on communication and implementation of wider benefits into public 

schemes will incorporate these barriers and try to override them.  

 It’s all just assumptions, reality is different 
 Macroeconomic benefits just aggregate benefits on a superficial level 
 Payback periods are too long to do any investments 
 Incentives are missing 
 Energy savings produce budget but will be cut next legislative period 
 Overly regulated to even think of other benefits 
 Too much bureaucracy 
 It is better to work with business and strengthen the market 
 Smallest municipalities have less effect 
 Job creation is just regional 
 Use of local potential (energy generation)  focus on energy production also in small municipalities 
 Examples 
 Future as an argument? 
 Benefits and measures need to appeal to the citizens to put pressure on the mayor or politics 
 NGO/ local pressure groups 
 Listening to other mayors/ public officers 
 Different type of “carrots” for different stakeholders )(e.g. for the wealthier part of the population 
 Rebound effects are very different on different places  
 In some cases (under heating) refurbishments are just wider benefits 
 In public buildings, the occupant behaviour is less prominent than in residential buildings 
 Rebound effect 
 Energy efficiency is in any case negative in the budget plans 
 Really hard to find qualified balances 
 Focus in exclusive examples, mayor to mayor 
 Study should only include benefits that are really important, however they should come from the 

entire spectrum 
 Screening exercise 
 Weights, what argument has an higher impact 
 Which benefits are more relevant 
 Stick to “good” quality of quantified 
 Stick to the level of municipality 
 Locally. How many jobs will they find?  
 Comfort is not important 
 Benefits that can politically be sold 
 Arguments that can be calculated 
 Visibility of measures (beauty) 
 Cross skulls projects, educate workers 
 Increase of the quality of jobs not only quantity 
 Efficiency is not always connoted as something good; it can also lead to a reduced need of jobs 

etc. (Romania) 

 

4.2 Germany 

Germany is the only country within the EmBuild partners, which is not located in the south-eastern region 

of Europe. Compared to the other countries, which are Serbia, Romania, Bulgaria, Slovenia and Croatia, 

Germany has a completely different initial situation. It is one of the founding countries of the European 

Union and from size, population and economy it has wide differences to the other countries. However 

when it comes to wider benefits, the topics stay the same and many issues, which are faced in the other 

regions also apply here.  
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The structure for the next section is based on the topics of wider benefits, introduced in chapter 3. After 

every section there will be a short conclusion part, in which the effects of the specific data of a country 

on topics of wider benefits will be derived. Early suggestions on how to treat these co-benefits within the 

countries framework will conclude the section. As sources, the “CIA-The World Factbook”, the Eurostat 

database of the European Union were chosen. These sources have detailed information about all 

countries, and most important, comparable datasheets. For some specific data and details, different and 

local sources were consulted, which will be marked in the tables.  

To make the data comparable, it was tried to implement only data which was adapted to an average 

purchase power. When possible, average of all EmBuild countries were calculated and the actual data 

was compared to these averages. If the value is above the average (better), the numbers are marked 

in green. If the values are worse, the numbers are marked in red. However, these marks do not 

necessarily state the potential for energy efficiency measures, but should give a first indication, which 

will then be discussed in the end of each section.  

 

4.2.1 Country Framework and data 

GERMANY 

 

BASIC Data 

Area   357,168 km² (63rd) 

Population – 2015 estimate Overall:   82,175,700 (16th) 

Density:  227/km² (58th) 

GDP (PPP) – 2015 estimate Total  $3.842 trillion (5th)  

Per capita $47,033 (20th) 

GDP (nominal) - 2015 estimate Total  $3.371 trillion[3] (4th) 

Per capita $41,267[3] (20th) 

Human Development Index (2014) Increase 0.916, very high · 6th 

 

 

Demography - Society 

Population - distribution: most populous country in Europe;  

a fairly even distribution throughout most of the country, 

with urban areas attracting larger and denser populations, 

particularly in the far western part of the industrial state of 

North Rhine-Westphalia 

Age structure (estimate 2016):  0-14 years: 12.83%  

15-24 years: 10.22% 25-54 years: 40.96%  

55-64 years: 14.23%  

65 years and over: 21.76% 

Population growth rate (estimate 2016) -0.16% 

Urbanisation urban population: 75.3% of total population (2015) 

rate of urbanization: 0.16% annual rate of change (2010-

15 est.) 
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Population below poverty line (estimate 

2015) Cut off point = 60 % of median 

equivalised income after social transfers 

16,6 % 

Persons which face poverty regarding 

public social support in thousand (2015) 

13428 

Housing 

Non-regular- housing (2011) 23934 

Overcrowded living spaces (%) on all 

households (2015) 

7 % 

Average number of persons per 

household (2015) 

2 

The share of total population living in a 

dwelling with a leaky roof, moisture in the 

walls, in the floors, in the foundation or 

putrefaction into the window frame or in 

the soil In Percentage (2015) 

12.,5 % 

Share of total population, which has 

whether, a bathtub nor a shower in their 

dwelling 

0 

Share of total population, which has no 

private WC in their dwelling (2015) 

0.1 % 

Health 

Persons who state certain illnesses in 

percent of population (2014) 

Asthma: 6.1 % 

Lower respiratory symptoms and chronic obstructive 

pulmonary disease: 5.3 % 

Chronic depression: 10.6 % 

Germany is one of the economical leaders in Europe. The high GDP and the overall human development 

index demonstrate this development. However, a major part of the population lives in cities and urban 

areas and is exposed to the typical environmental issues of urban areas, like air pollution and poor 

housing quality. 12.5 % percent of the population live in houses with leaky roofs and moisture and still 

16.6% of the population live below the poverty line. A major problem of Germany are health issues 

related to buildings and in particular the indoor climate. Within the EmBuild countries, Germany has the 

highest rates of an asthma, lower respiratory symptoms and chronic obstructive pulmonary disease and 

chronic depression. A sustainable improvement of indoor comfort conditions seems to be one of the 

main challenges. In addition, the population of Germany is decreasing and the amount of elderly is 

steadily increasing. The elderly are even more vulnerable to low temperatures, air pollution and other 

building related health issues.  

 

Environment/ Hazards / Climate 

Environmental Pollution- Current issues  Emissions from coal-burning utilities and industries 
contribute to air pollution;  

 Acid rain, resulting from sulphur dioxide emissions, 
is damaging forests;  

 Pollution in the Baltic Sea from raw sewage and 
industrial effluents from rivers in eastern Germany;  

 Hazardous waste disposal;  
 Government established a mechanism for ending 

the use of nuclear power by 2022; 
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 Government working to meet EU commitment to 
identify nature preservation areas in line with the 
EU's Flora, Fauna, and Habitat directive 

Emissions of CO2 (2008) General: 690253040 tons 

 for energy and water distribution:  347998220 tons 
 for building construction:   8216850 tons 
 for public administration, defence:  6365220 tons 
 for education:    4664100 tons 

Emissions of CO2 per capita (2013) 9,11 tons 

Emissions of Greenhouse gases (2014) General: related to Index 1990= 100%    

                       2014= 73.5 % (EU goal: 80%) 

Per capita: 11.45 tons CO2 equivalent 

Exposure of urban population to 

particulate matter in weighted PM10, 

PM2.5 concentrations (2014) 

15.1 

Spending’s to protect clean air and 

climate (2013) 

 €3443.58 Million 

Land use (estimate 2011) 

 

 agricultural land: 48% 
 arable land 34.1%; permanent crops 0.6%;  
 permanent pasture 13.3% 
 forest: 31.8% 

other: 20.2%  

Natural hazards Floodings and Storms  

 

Events 

Deaths related to heat or cold wave from 

2003 

9355 

Climate 

temperate and marine; cool, cloudy, wet winters and summers; occasional warm mountain (foehn) 

wind 

As mentioned before the major topic of Germany will be environmental and health benefits. As the data 

shows, Germany is the biggest emitter of CO2 per capita within all EmBuild countries. The country is 

spending the highest amount of money for environmental protection but these issues persist. This is 

partly due to the high income- high CO2 emissions correlation but also needs to be tackled by energy 

efficiency measures. Germany has big urban areas with the majority of the population living in. 

Particulate matter therefore is a severe topic as well (see Figure 24). The shutdown of nuclear power 

plants did empower the development of renewable energy production. However, it also led to increasing 

construction of fossil-fuel power plants, like coal and gas.  

One topic, which is more a possibility than a basic for the implementation of energy efficiency measures, 

is the flooding’s, which occur in an increasing frequency, especially in the south of the country. The 

damage and reconstruction of building stock due to these hazards can be an opportunity to not only 

improve protection against floods but also implement energy efficient building components. Another 

hazard, which is increasing due to the climate change, are heat and cold waves. The heat wave in 2015 

led to a high number of deaths in central Europe. These events will increase in the future. Deep 

renovation with includes insulation, modern ventilation and so on, can be a necessary solution for that.  
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Figure 24: air pollution with particulate matter (yellow), ozone (green) and NO3 (blue) in 
German urban areas; the red line symbolises the recommendation by the WHO (source: 

Umweltbundesamt 2016) 

Economy 

Employment 

Labour force (estimate 2016 ) 45.3 million 

Labour force - by occupation (estimate 

2011) 

agriculture: 1.6% 

industry: 24.6% 

services: 73.8% 

Unemployment rate (estimate 2016) 4.3 % 

Unemployment, youth ages 15-24 

(estimate 2014) 

total: 7.7% 

Income and Production (Construction and Building) 

GDP - per capita (PPP) (estimate 2015) $46,900 

GDP - composition, by end use (estimate 

2015) 

household consumption: 54.1% 

government consumption: 19.4% 

investment in fixed capital: 20% 

investment in inventories: -1.3% 

exports of goods and services: 46.9% 

imports of goods and services: -39.1% 

GDP - composition, by sector of origin 

(estimate 2015) 

agriculture: 0.6% 

industry: 30.4% 

services: 69.1% 

Production in the construction sector 

(compared to baseline 2010=100), 

2016M12 

106 

Employment trend in the construction 

sector (compared to baseline 2010 = 

100), 2016Q3 

110.2 
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Building permits (monthly data compared 

to baseline 2010=100), 2016M11 

138.9 

Public Budget 

Revenues (estimate 2016) $1.507 trillion 

Expenditures (estimate 2016) $1.484 trillion 

Taxes and other revenues (estimate 

2016) 

43.1% of GDP 

Budget surplus (+) or deficit (-) (estimate 

2016) 

0.6% of GDP 

Investment of foreign countries (estimate 2012) 

All economic sectors (€) 10276 million 

Investment in oil and gas extraction (€) 40 million  

Investment in energy distribution (€) 319 million  

Construction/ building (€) 205 million 

Real Estate (€) 138 million 

Engineering and Architecture offices (€) 503 million 

 

The view on the economic development of Germany reveals positive numbers. Unemployment rates a 

on a long-time low as well as the DGP is one of the highest in Europe. Immigration causes high 

construction activities. Germany is an exporting nation. However a growing economy has a high demand 

on energy and as a country without a high amount of own resources, Germany needs to focus on 

renewable energy and energy efficiency measures. Even the production in the construction sector is 

growing; the deep renovation sector is still stagnating. A 1 % refurbishment rate tells that here is a lot of 

room for improvement and a need for qualified workers and advanced technology.  

 

Energy / Resources 

Natural resources: 

 

coal, lignite, natural gas, iron ore, copper, nickel, uranium, 

potash, salt, construction materials, timber, arable land 

Electricity – production (estimate 2014) 591 billion kWh 

Electricity – consumption (estimate 2014) 533 billion kWh 

Electricity – exports (estimate 2014) 74 billion kWh 

Electricity – imports (estimate 2014) 40 billion kWh 

Electricity - installed generating capacity 

(estimate 2014) 

198 million kW 

Electricity sources (estimate 2012) in % 

of installed capacity 

fossil fuels: 45.7%  

nuclear fuels: 6.8%  

hydroelectric plants: 2.5%  

other renewable sources: 41.2%  

Crude oil (estimate 2015) in barrels per 

day 

production: 48,060 bbl/d 

exports: 6,569 bbl/d 

imports: 1.844 million bbl/d 

proved reserves: 100 million bbl  

Refined petroleum products (estimate 

2015) in barrels per day 

production: 2.175 million bbl/day  

consumption: 2.372 million bbl/day 
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exports: 462,700 bbl/day  

imports: 785,700 bbl/day  

Natural Gas in m³ (estimate 2014) production: 9.469 billion m³  

consumption: 79.21 billion m³ 

exports: 22.27 billion m³ 

imports: 89.89 billion m³ 

proved reserves: 47.4 billion m³ 

Carbon dioxide emissions from 

consumption of energy (estimate 2013) 

805 million Megatons  

 

Dependence on energy imports (all 

sources, gross energy consumption) 

(2015) 

45.5% 

 

Prices per Kilowatt-hour incl. all taxes in 

€ (2016S1) 

Natural gas price for private customers: 0.0661 € 

Natural gas price for private customers (purchasing 

power standard): 0.0641 € 

Natural gas price for industry : 0.0404 € 

Natural gas price for industry (purchasing power 

standard): 0.0391 € 

Electricity price for private customers: 0.2969 € 

Electricity price for private customers (purchasing power 

standard): 0.2878 € 

Electricity price for industrial customers: 0.1974 € 

Electricity price for industrial customers purchasing power 

standard): 0.1913 € 

Share of renewable energy on gross final 

energy consumption (2014) 

13.8% (goal: 18%) 

Solar collectors surface in thousand m² 

(2015) 

18625 

 

 

Even the renewable energy production is constantly growing; Germany is still relying on nuclear, coal 

and gas energy generation. The import of fossil fuels like gas makes the country highly dependent on 

energy exporting countries, which do not necessarily have stable political situations. Germany is behind 

its goals for increasing the renewable energy share. Gas prices are low at the moment but future 

previsions see increasing costs. Electricity prices are on the top end of the EmBuild average and the 

growing economy and a strong fossil fuel lobby let a turnaround seem a long-lasting project. Energy 

efficiency and the shift to an energy efficient production and housing can deliver both; economic growth 

was well as a sustainable lifestyle.  

4.2.2 Building and energy related data and policies 

Before a first selection of the most suitable wider benefits for Germany can be done, a short outlook on 

the building stock of the country should be given. It is important to understand the dimensions and the 

potentials, which lie within the most of German buildings.  

For a detailed building stock analysis and details to energy certificates and the energy performance of 

public buildings, please see the relevant EmBuild deliverables (Deliverable D.2.5, D.3.1, and D.3.4) and 

national building databases.  

Since EmBuild is focusing on public buildings like administration buildings, schools, hospitals and so on, 

the most data in the following is looking at statistics about non-residential buildings. However I it also 
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important to get some information about residential buildings, since most of health and social benefits 

have an impact at the private life of the population.  

Current statistics estimate the building stock of heated non-residential buildings at around 13% (3 million 

buildings) of the whole building stock in Germany. These buildings contain 27% of the full heated net 

floor space (NFS), which are around 1.35 billion m² NFS. Related to the final energy consumption these 

building consume 36% of the overall building stick (350 TWh) (see Figure 25) (Franke 2015). 

 

 

Figure 25: Whole building stock, net floor space and final energy consumption of non residential 
buildings (NWG,black) and residential buildings (WG, White) (Franke 2015) 

The public building stock comprises currently 186,000 buildings, which are distributed over 11116 

municipalities. These municipalities pay 4.1 Billion € per year for energy costs. More than 83% (3.4 

billion €) of it only for the heating and electricity of public buildings (Dena 2014). 

The sector of public construction is delivers high stakes in the whole construction business. Only in the 

year 2015, the construction of public buildings generated a revenue of 28 billion Euros. The estimates 

calculate even a growth. In sum, the public construction sector presents 28% of the whole sales of the 

German construction economy. Most public buildings comprise of schools, hospitals, sports venues and 

social services. Only in 2014, 228 new schools were built. Renovations are not in these calculations 

(Statista 2017). 

Renovation scheme 

Germany has implemented one of the most comprehensive financial support schemes in Europe, which 

is administered by the KfW development bank.. Financial support through low interest loans and 

subsidies is available for both highly efficient new buildings and the renovation of existing buildings. The 

requirements of this support go beyond the minimum energy efficiency standards. The higher the 

efficiency, the higher the loan. Currently, one in three renovations, together with half of all newly 

constructed buildings, is supported by the KfW programme. New funding strands for non-residential 

buildings came into force in October 2015. Since 2006, more than 3.8 million dwellings and over 2,100 

social or municipal buildings have been built or renovated with these funds. 

However, the overall German renovation rate is just at the level of the European average (around 1% 

per year) and out of every three renovations undertaken in Germany, only one results in the 

implementation of energy saving measures, and most of them are not at optimum renovation depth 

(BPIE 2015). 

4.2.3 Status Quo: Wider benefits 

The wider benefits of deep renovation are not yet incorporated or evaluated in public schemes of 

balances. EmBuild is successful if awareness was raised among stakeholders and public officers, 

regarding the relevant wider benefits for each country. Nevertheless, some evaluation and analysis 

schemes are already implemented. Sometimes they are not known as direct impacts of energy efficiency 

measures, sometimes analysis was performed but the final implementation in the daily decision-making/ 
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budgeting process was not executed. In the following, there are some co-benefits, which were identified 

and evaluated for Germany: 

Energy security: At present, over 70% of Germany’s primary energy demand (PED) is met through 

energy imports, which make up 11% of German imports overall (Statistisches Bundesamt, 2013). An 

ambitious energy efficiency strategy to reduce primary energy demand by 6% in 2020 could reduce 

energy imports by EUR 4.3 billion (IEA 2014). Another study estimates that Germany’s gas import bill 

from Russia could be halved in ten years through energy efficiency measures in the industrial and 

buildings sectors (Ecofys, 2014). 

Job Creation and Tax revenue: When estimating the impacts of the KfW energy efficiency 

refurbishment and construction program, researchers found that the amount of public budget effects 

depends significantly on the degree of additional work force required. Thus the main reason for the 

investigation was to find public budget effects they found a direct link to job creation. The KfW energy 

efficiency program has induced or promoted between 121 000 and 253 300 jobs in 2011, which led to 

net benefits of between USD 4.1 billion and USD 13.6 billion for public budgets depending on the 

additional employment (IEA 2014). 

Public budget: Energy efficiency programmes (such as financial incentives for energy efficient 

buildings) are delivering net benefits to public budgets. As mentioned before, Germany has implemented 

a very comprehensive financial support scheme, which is administered by the KfW development bank. 

Over the years, several studies have shown the positive effects of these investments for the German 

economy through the creation of economic value, jobs at local, regional and national level, energy cost 

savings, and the avoidance of CO2 emissions. In 2011, the research institute Forschungszentrum Jülich 

published an impact on the German economy of €4-5 for every €1 of programme cost. More recently 

the research institute Prognos concluded that most support scenarios for the building stock will in the 

future be almost budget neutral or even budget-positive for the German public sector as a whole and 

for public authorities at all levels (BPIE 2015). 

Macroeconomic effects General household spending in Germany is predicted to rise by 0.08% or USD 

14.4 billion by 2020 (compared with a reference scenario) as a result of the energy efficiency measures 

planned. This is mainly due to increased demand for energy efficient goods and services, and a second-

round impact in which energy bill savings (the consumer surplus) are spent on other goods (IEA 2014). 

Energy delivery benefits: A recent study offers the first quantified look at the electric system benefits 

of deep investment in energy efficiency in Germany. Three different scenarios optimise the use of load 

management to achieve a decrease in load peaks and expand electricity storage systems. The energy 

system benefits assessed include T&D benefits, offset demand for renewables and offshore grid 

interconnections. Each scenario shows significant cost reductions from improved energy efficiency. The 

cost of renewable energy is the biggest element in the scenario estimates, but can be significantly 

minimised by improving efficiency. Energy efficiency will represent more than half of savings by 2035 in 

the three energy efficiency scenarios.  

4.2.4 EmBuild specific wider benefits 

We conducted interviews with energy experts from all countries of the EmBuild project. Together with 

the above data about the countries specifications, the building stock, renovation schemes and the 

already existing wider benefit frameworks and analysis, we tried to identify the most important and most 

suitable benefits for the specific needs and opportunities of a country. The following selection is to see 

as a preliminary recommendation. Within the project runtime, these subjects will change and adopt. In 

the next deliverables, the data will be more specified and specific schemes and instruments on how to 

incorporate wider benefit evaluation into the countries existing policy processes will be elaborated. The 

selected topics and explanations represent the subjective view of the EmBuild experts and results of 

conducted workshops. The introduced wider benefits reflect only a first selection and should not exclude 

important topics. The progress of the project and in particular of work package 6 will provide plenty of 

new insights and adjust the information below.  

For Germany we suggest to focus on the following wider benefits:  
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Energy security and energy delivery: will deliver a higher independence from energy imports and 

improve the delivery of energy within Germany. Energy efficiency measures will help to compensate the 

energy generation losses through the shutdown of nuclear power-plants and the already struggling 

energy provider have new investment sectors like smart grids or smart cities.  

Health and well being: Regarding the current numbers of health issues and illnesses related to bad 

comfort and outdoor air pollution these topics will be of main interest for the public budget. The 

healthcare system, which is frequently in political discussion will profit from less healthcare spending. 

Especially in urban areas health is becoming a more and more important topic and energy efficiency 

can be a possibility to intervene.  

Macroeconomic impact and public budgets: Germany as one of the main producers of energy efficient 

technology and products will profit from energy efficiency and deep renovation measures, not only 

performed in German but also worldwide. Job creation and the stimulus for the economy are important 

arguments for every political discussion. Although energy savings will not significantly end peoples 

poverty, the disposable income will be spent elsewhere which will create second level economic impact. 

Programs like the KfW program showed that investment in energy efficiency could improve public 

budgets. These schemes should be improved.  

Environmental impacts and local air pollution: Germany is seeing itself to be one of the leaders of 

environmental protection. Green technology and sustainable building are innovative sectors Germany 

is investing in. However, current numbers and statistics as wells as the rapid economic growth show 

that Germany will not meet its CO2-Emission reduction goals or increase the share of renewables in 

energy production. The renovation rates remain stable at 1 % (goal= 2.5%) and therefore an increase 

of deep renovation and energy efficiency measures could provide a turn-around.  

 

 

Figure 26: The selected wider benefits for Germany as collected by EmBuild experts and 
insights to the country specific data (own illustration, data: IEA 2014)  
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4.3 Serbia 

4.3.1 Country Framework and data 

The Republic of Serbia is situated at the crossroads of Central and Southeast Europe. Relative to its 

small territory, it is a diverse country distinguished by a transitional character, situated along cultural, 

geographic, climatic and other boundaries. Serbia is landlocked and borders Hungary to the north; 

Romania and Bulgaria to the east; Macedonia to the south; and Croatia, Bosnia and Herzegovina, and 

Montenegro to the southwest. Serbia is not yet part of the European Union. Access negotiations are 

ongoing. Trends based on historical Eurostat data could therefore not be observed. Nevertheless, 

current data is available and has been integrated into the analysis.  

The structure for the next section is based on the topics of wider benefits, introduced in chapter 3. After 

every section there will be a short conclusion part, in which the effects of the specific data of a country 

on topics of wider benefits will be derived. Early suggestions on how to treat these co-benefits within the 

countries framework will conclude the section. As sources, the “CIA-The World Factbook”, the Eurostat 

database of the European Union were chosen. These sources have detailed information about all 

countries, and most important, comparable datasheets. For some specific data and details, different and 

local sources were consulted, which will be marked in the tables.  

To make the data comparable, it was tried to implement only data, which was adapted to an average 

purchase power. When possible, average of all EmBuild countries were calculated and the actual data 

was compared to these averages. If the value is above the average (better), the numbers are marked 

in green. If the values are worse, the numbers are marked in red. However, these marks do not 

necessarily state the potential for energy efficiency measures, but should give a first indication, which 

will then be discussed in the end of each section.  

SERBIA 

 

BASIC Data 

Area   77.4742 km² 

Population – 2015 estimate Overall:   7.120.666  

Density:  91,922 /km²  

GDP (PPP) – 2015 estimate Total  $89,733 billion 

Per capita $12.464  

GDP (nominal) - 2015 estimate Total  $42,492 billion 

Per capita $5.902  

Human Development Index (2014) Increase 0.776 · 66th 

 

Demography - Society 

Population - distribution: a fairly even distribution throughout most of the country, 

with urban areas attracting larger and denser populations 

Age structure (estimate 2016):  0-14 years: 14.64%  

15-24 years: 11.34%  

25-54 years: 41.41%  

55-64 years: 14.58% 

65 years and over: 18.03%  
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Population growth rate (estimate 2016) -0.46% 

Urbanisation  urban population: 55.6% of total population (2015) 

rate of urbanization: -0.34% annual rate of change  

(2010-15 est.) 

Population below poverty line (estimate 

2015) Cut off point = 60 % of median 

equivalised income after social transfers 

25.4 % 

 

Persons which face poverty regarding 

public social support in thousand (2015) 

1797 

Housing 

Overcrowded living spaces (%) on all 

households (2015) 

53.4% 

Average number of persons per 

household (2015) (Source: Michael 

Bauer Research) 

2.9  

The share of total population living in a 

dwelling with a leaky roof, moisture in the 

walls, in the floors, in the foundation or 

putrefaction into the window frame or in 

the soil In Percentage (2015) 

23.4 % 

Share of total population, which has 

whether, a bathtub nor a shower in their 

dwelling (2015) 

3.8 

Share of total population, which has no 

private WC in their dwelling (2015) 

4.2 

Health 

Persons who state certain illnesses in 

percent of population (Source: Ilic 2014) 

 

Asthma: 4.1 % 

Lower respiratory symptoms and chronic obstructive 

pulmonary disease: 4.5 % 

Chronic depression: 6.7 % 

Serbia is a status of ongoing development. Many branches in the economy are slowly growing and the 

overall human development index is slowly increasing. The population is distributed fairly even in urban 

and rural areas. The GDP (ppp) is in the lower end of the EmBuild partner countries and the percentage 

of population below poverty line represents almost ¼ of the countries inhabitants. Health issues rank 

below Germany but are still to be addressed within wider benefit evaluation. Within the EmBuild regions, 

Serbia has the highest percentage of people under 24 years in the country; also, the rate of elderly is 

quite low. Regarding the fact that also in Serbia there is a negative population growth rate, it is to 

estimate that these statistics will change soon. One argument for deep renovation is the high rate of 

population living in poor quality buildings, which have leaky roofs, moisture and are overcrowded. This 

has an origin in the heating behaviour, where mainly single rooms are heated to an adequate 

temperature. In Serbia, an average of less than 10 m² of living space per person is heated in winter. 

Risk - free saving methods refer to switching off the lights if not needed, increasing energy use in the 

night to benefit from lower tariffs, improving insulation and investing in appliances consuming less 

energy. In Serbia, risk - free methods are used by 66 % of households connected to district heating and 

by only 38 % of households not connected to district heating. Poor households are often forced to adopt 

dangerous and inefficient strategies (Stadtmüller 2014). Energy efficiency measures could intervene 

and improve these standards. 
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Environment/ Hazards / Climate 

Environmental Pollution- Current issues Air pollution around Belgrade and other industrial cities; 

Water pollution from industrial wastes dumped into the 

Sava which flows into the Danube 

Emissions of CO2 (2008) General: 46.50 MTons 

Emissions of CO2 per capita (2013) 6.263 tons 

Emissions of Greenhouse gases (2013) General: related to Index 2006= 100%    

                       2013= 88.49 %  

Per capita: 8.24 tons CO2 equivalent 

Spending’s to protect clean air and 

climate (2013) 

0.85 

Land use (estimate 2011) 

 

agricultural land: 57.9%  

arable land 37.7%; permanent crops 3.4%;  

permanent pasture 16.8% 

forest: 31.6% 

other: 10.5%  

Natural hazards Destructive earthquakes, floods 

Events 

Deaths related to heat or cold wave  During the most severe episode in July 2007, absolute 

temperature maximum (43.6°C) and daily maximum 

mortality counts (94 dead) (Stanojevic 2013) 

Climate 

in the north, continental climate (cold winters and hot, humid summers with well-distributed rainfall); 

in other parts, continental and Mediterranean climate (relatively cold winters with heavy snowfall and 

hot, dry summers and autumns) 

Even the CO 2 Emission per capita are low compared to western European countries like Germany, 

compared to the EmBuild average, Serbia has quite high stakes in greenhouse gas emissions per 

capita. Urban areas suffer from air pollution, which affects around the half of the population. Due to the 

general development status of the country, environmental spending are on the lower end of the 

investigated countries. A climate issue, which affects buildings and people the most, are the cold winters 

and hot summers. Vulnerable persons like elderly could significantly profit from deep renovation 

schemes. Winter and in particular, heat wave deaths could be avoided. In addition, CO2 emissions, 

which partly result of unregulated wood burning to heat homes, will be reduced through such measures.  

 

Economy 

Employment 

Labour force (estimate 2016 ) 2.91 million 

Labour force - by occupation (estimate 

2014) 

agriculture: 21.9% 

industry: 15.6% 

services: 62.5% 

Unemployment rate (estimate 2016) 18.9%  

Unemployment, youth ages 15-24 

(estimate 2013) 

49.4% 

 

Income and Production (Construction and Building) 

GDP - per capita (PPP) (estimate 2016) $14,200  
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GDP - composition, by end use (estimate 

2015) 

household consumption: 80.1% 

government consumption: 11% 

investment in fixed capital: 19.3% 

investment in inventories: -3.4% 

exports of goods and services: 48.8% 

imports of goods and services: -55.8%  

GDP - composition, by sector of origin 

(estimate 2016) 

agriculture: 9.7% 

industry: 42.7% 

services: 47.6%  

Employment trend in the construction 

sector (compared to baseline 2010 = 

100), 2016Q3 

82.5 

Building permits (monthly data compared 

to baseline 2010=100), 2016M11 

168 

Public Budget 

Revenues (estimate 2016) $16.2 billion 

Expenditures (estimate 2016) $17.08 billion 

Taxes and other revenues (estimate 

2016) 

42.9% of GDP 

Budget surplus of GDP (+) or deficit (-) 

(estimate 2015) 

-4,1 % 

Direct Investment of foreign countries (estimate 2015) 

All economic sectors (source: NBS) 2114.24 Million €  

Investment in oil and gas extraction 

(source: NBS) 

15.13 Million € 

Investment in energy distribution 

(Source: NBS) 

12.839 Million € 

Construction/ building (source: NBS) 264.51 Million € 

Real Estate (source: NBS) 57.571 Million € 

Engineering and Architecture offices 

(source: NBS) 

4.658 Million € 

The economy in Serbia is difficult to analyse. There are various sources with contrary opinions about 

the country, in particular about foreign investment behaviour. However, a few things can be derived from 

the Eurostat statistics. Serbia has a very high youth unemployment. Almost the half of under 24 year 

olds do not have a regular job. The employment and production in the construction sector is decreasing. 

However, according to a Study by the Santander bank, Serbia's workforce is interesting for foreign 

investors because it is very young and very well trained compared to the rest of Europe (Santander 

2017). There is a high potential, especially for new business sectors like energy efficiency and building 

renovation. Various manufacturers for high-tech building materials are already producing in Serbia. 

Furthermore, Serbia has the lowest corporate tax rate in Europe (10%) and the economy “is in full 

expansion and it is showing a real desire to reform” (Santander 2017). Still the GDP is low and the 

political risk is high, compared with the other EmBuild countries. This political situation and cumbersome 

procedures (12.4 % of Serbias public budget is spent on wages of public officers) for setting up a 

business could discourage foreign investors (Santander 2017). Stream lined deep renovation schemes 

could definitely improve various economic sectors.  
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Energy / Resources 

Natural resources: 

 

oil, gas, coal, iron ore, copper, zinc, antimony, chromite, 

gold, silver, magnesium, pyrite, limestone, marble, salt, 

arable land 

Electricity – production (estimate 2014) 34.4 billion kWh 

Electricity – consumption (estimate 2014) 26.91 billion kWh 

Electricity – exports (estimate 2014) 4.806 billion kWh 

Electricity – imports (estimate 2014) 6.864 billion kWh 

Electricity - installed generating capacity 

(estimate 2014) 

7.368 million kW 

Electricity sources (estimate 2014) in % 

of installed capacity 

fossil fuels: 59.2%  

nuclear fuels: 0%  

hydroelectric plants: 40.6%  

other renewable sources: 0.2%  

Crude oil (estimate 2015) in barrels per 

day 

production: 20,330 bbl/day  

exports: 0 bbl/day  

imports: 31,730 bbl/day 

proved reserves: 100 million bbl  

Refined petroleum products (estimate 

2014) in barrels per day 

production: 61,590 bbl/day  

consumption: 74,000 bbl/day  

exports: 12,050 bbl/day  

imports: 20,080 bbl/day  

Natural Gas in m³ (estimate 2014) production: 562.2 million m³  

consumption: 2.43 billion m³ 

exports: 0 m³  

imports: 1.889 billion m³  

proved reserves: 48.14 billion m³ 

Carbon dioxide emissions from 

consumption of energy (estimate 2014) 

46 million Mtons 

 

Dependence on energy imports (all 

sources, gross energy consumption) 

(2015) 

27,2% 

Prices per Kilowatt-hour incl. all taxes in 

€ (2016S1) 

Natural gas: 0.0375 € 

Natural gas (purchasing power standard): 0.0846 € 

Natural gas price for industry: 0.0331€ 

Natural gas price for industry (purchasing power 

standard): 0.0747 € 

Electricity price for private customers: 0.0641€ 

Electricity price for private customers (purchasing power 

standard): 0.1445 € 

Electricity price for industrial customers: 0.0804 € 

Electricity price for industrial customers (purchasing 

power standard): 0.1814 € 

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2237&term=Electricity%20-%20from%20fossil%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2239&term=Electricity%20-%20from%20nuclear%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2238&term=Electricity%20-%20from%20hydroelectric%20plants
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2240&term=Electricity%20-%20from%20other%20renewable%20sources
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2241&term=Crude%20oil%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2242&term=Crude%20oil%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2243&term=Crude%20oil%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2244&term=Crude%20oil%20-%20proved%20reserves
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2245&term=Refined%20petroleum%20products%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2246&term=Refined%20petroleum%20products%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2247&term=Refined%20petroleum%20products%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2248&term=Refined%20petroleum%20products%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2249&term=Natural%20gas%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2250&term=Natural%20gas%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2251&term=Natural%20gas%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2252&term=Natural%20gas%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2253&term=Natural%20gas%20-%20proved%20reserves
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Share of renewable energy on gross final 

energy consumption (2012) 

29 % (goal 2020: 37%) 

Solar collectors surface in thousand m² 

(2015) 

- 

Overall, Serbia is an energy poor country, which is (with the exception of coal) largely dependent on 

imports of energy resources. 80% of gas, which is consumed in Serbia, is imported from Russia. Serbia 

is also heavily dependent on one source of power generation (70% of its power generation comes from 

a few coal-fired power plants). Despite an ambitious Action Plan for introducing renewable energy 

sources in the power system through preferential feed-in tariffs, Serbia has used very little of its 

massive renewable energy potential and is unlikely to reach its 2020 goal of raising the share of 

renewable energy in power production from 29% today to 37% in 2020 (CSD 2014). However already 

one third of electricity is generated via hydro-power-plants. This provides strong arguments for energy 

efficiency improvements on the buildings stock, in particular to change the heating system. 

Looking at households in particular, the most recent statistical data from 2013 indicate that the most 

common energy source is electricity (41.5 percent), although a large share does not relate to heating 

and hot water production, but to other household consumption (appliances, cooling). For heating, 

biomass is the most widely used option (27.7 percent), followed by district heating (12.8 percent). Coal, 

natural gas and LPG are also notable. Solar, geothermal and other energy sources are negligible 

(Novikova et al. 2015). 

4.3.2 Building and energy related data and policies 

For Serbia only limited data, which describe the public building stock could be found. In general, non-

residential buildings have not been evaluated in detail, or the authors could not access the data. Other 

deliverables of EmBuild, which focus on the building stock, are going to fill this gap, which will be 

implemented also in the following up publications related to wider benefits. For now, data for the general 

residential building stock will be presented.  

The total number of residential buildings in Serbia was 2,246,320 in 2011 (Jovanović Popović et al. 

2013). In 2011, the number of occupied dwellings was 2,423,208, of which 1,489,982 were located in 

urban settlements. The number of unoccupied dwellings was 808,723. In Serbia, the average age of the 

housing stock is 34 years. The highest share of Serbia’s housing stock was built between 1971 and 

1980 (about 24 %) and between 1961 and 1970 (20.7 %). Other sources estimate that most buildings 

in Serbia were built before 1962 (59%) and a high share of the dwellings consists of buildings 

constructed between 1962 and 1991 (36%), which show a high final energy demand and oversized 

secondary heating installations. In Serbia, the average annual use of energy for heat and sanitary hot 

water is 220 kWh/m², new buildings (constructed between 2004 and 2008 representing 2 % of the total 

building stock) show an average of 100 kWh/m². Poor building insulation is one of the determinants of 

high energy consumption in Serbia, where the consumption of energy per square meter is three to four 

times higher in comparison to Northern Europe (Stadtmüller 2014). 

4.3.3 Status Quo: Wider benefits 

Public awareness of energy efficiency and the fight against energy poverty: Households’ 

awareness about the need and benefits of rational energy use seems to depend on their economic 

status. Poor households are aware of energy costs in their household budgets but they often rely on 

risky coping strategies. Richer households often relate energy saving to poverty and thus, saving energy 

is not very popular. The opinion that energy is ‘cheap’ and ‘common’ and that energy efficiency 

investments are not profitable is supported by low energy prices. Awareness about the existence of 

energy poverty and the necessity to address the issue is not lacking among decision makers, the only 

thing, which is missing, are baseline studies and a clear national definition of energy vulnerable 

households (Stadtmüller 2014).  

For Serbia, it was very difficult to find documented evaluations, schemes or frameworks, which 

incorporate wider benefits. Most of the topics of chapter 3 are applicable for the country. This report will 
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be a start for developing straightforward schemes and guidelines. Data has to be generated through 

modelling to provide numbers for the enormous potentials, which lie energy efficiency improvements in 

Serbia. The next chapter will provide a first try to select the most important co-benefits, which will 

motivate and engage Serbian stakeholders to invest and empower deep renovation plans.  

4.3.4 EmBuild specific wider benefits 

Macro-economic impacts and economic growth: Experts from the region, studies and the current efforts 

of the government foster the need for economic growth. As a country with a young and well educated 

working force, which suffers from a high youth-unemployment rate, Serbia has the need and the 

potential to improve economic development. The countries population is decreasing and emigration of 

highly educated people have a negative influence on the economy. Energy efficiency measures and 

deep renovation can be the needed driver to keep trained workers in the country, provide jobs and to 

improve the public building stock as well as services, in order to improve the attraction of the country 

itself and motivate in particular the academic, educated young population to stay and invest. In addition, 

there are various manufacturers for energy efficient construction materials already in the country. These 

sectors have to be improved and developed.  

Energy security, independence from energy imports, resource management: As mentioned in the 

chapter before, Serbia is highly dependent on gas imports and is not exploiting its high potential for 

renewable energies (biomass, hydropower). Energy efficiency of buildings can be the necessary trigger 

point for investments in a more independent energy future. A reduction in energy consumption and 

demand, in particular peak loads will provide a vital basis for investments in renewable energies and the 

implementation of smart grids. It will reduce the dependence from Russian gas producers as well as 

energy carriers (Coal, Nuclear power), which are hindering the high climate change goals of Serbia.  

Environmental benefits, reduction of local air pollution: The current situation in Serbia, with high rates of 

wooden heating, in particular in cold months, as well as a less regulated emission standard creates a 

charge of local air pollution. In particular, in urban regions around Belgrade or Novi Sad, the 

implementation of deep renovation measures, in particular the exchange and modernisation of heating 

systems could improve the situation significantly.  

Poverty alleviation: Even it is no perceived as a real problem in the wide public; energy poverty is an 

issue in Serbia. Fuel poor households found strategies to cope with cold in winter months. However, 

their solutions, like burning wood or gathering in single heated rooms, are dangerous for their health 

and environment. Energy efficiency measures can improve the situation of energy poor households 

significantly and in the same time will have a strong impact on other benefits like local air pollution and 

health.  

 



  

67 

 

 

 

 

Figure 27: The selected wider benefits for Serbia as collected by EmBuild experts and insights 
to the country specific data (own illustration, data: IEA 2014)  

4.4 Bulgaria 

4.4.1 Country Framework and data 

Bulgaria is a country in south-eastern Europe and a member of the European Union. It is bordered by 

Romania to the north, Serbia and Macedonia to the west, Greece and Turkey to the south, and the Black 

Sea to the east. Bulgaria is Europe's 16th-largest country. Bulgaria's population of 7.2 million people is 

predominantly urbanised and mainly concentrated in the administrative centres of its 28 provinces. Most 

commercial and cultural activities are centred on the capital and largest city, Sofia (CIA 2017). Sources 

for the following data were, the “CIA-The World Factbook”, the Eurostat database of the European Union 

were chosen. These sources have detailed information about all countries, and most important, 

comparable datasheets. For some specific data and details, different and local sources were consulted, 

which will be marked in the tables.  

To make the data comparable, it was tried to implement only data, which was adapted to an average 

purchase power. When possible, average of all EmBuild countries were calculated and the actual data 

was compared to these averages. If the value is above the average (better), the numbers are marked 

in green. If the values are worse, the numbers are marked in red. However, these marks do not 

necessarily state the potential for energy efficiency measures, but should give a first indication, which 

will then be discussed in the end of each section.  
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BULGARIA 

 

BASIC Data 

Area   110.994 km² 

Population – 2014 estimate Overall:   7.202.198  

Density:  65 /km²  

GDP (PPP) – 2013 estimate Total  $119.561 billion  

Per capita $16,517 

GDP (nominal) - 2013 estimate Total  $53.046 billion[3] (4th) 

Per capita $7,328 

Human Development Index (2014) Increase 0.794, · 56th 

 

Demography - Society 

Population - distribution: a fairly even distribution throughout most of the country, 

with urban areas attracting larger populations 

Age structure (estimate 2016):  0-14 years: 14.54%  

15-24 years: 9.73%  

25-54 years: 43.33%  

55-64 years: 13.38%  

65 years and over: 19.03%  

Population growth rate (estimate 2016) -0.6%  

Urbanisation urban population: 73.9% of total population (2015) 

rate of urbanization: -0.31% annual rate of change  

(2010-15 est.) 

Population below poverty line (estimate 

2014) Cut off point = 60 % of median 

equivalised income after social transfers 

21.8%  

 

Persons which face poverty regarding 

public social support in thousand (2015) 

1586 

Housing 

Non-regular- housing (2011) 12529 

Overcrowded living spaces (%) on all 

households (2015) 

41.4% 

Average number of persons per 

household (2015) 

2.2 

The share of total population living in a 

dwelling with a leaky roof, moisture in the 

walls, in the floors, in the foundation or 

putrefaction into the window frame or in 

the soil In Percentage (2015) 

12.9 % 
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Share of total population, which has 

whether, a bathtub nor a shower in their 

dwelling 

11.6 

Share of total population, which has no 

private WC in their dwelling (2015) 

18.6 

Health 

Persons who state certain illnesses in 

percent of population (2014) 

Asthma: 2.7 % 

Lower respiratory symptoms and chronic obstructive 

pulmonary disease: 4.6 % 

Chronic depression: 3.2 % 

A main issue of the Bulgarian demographic development is the high percentage of emigration. Since 

1985, the population has decreased by 1.5 million people. In particular, after 1990, many Bulgarians left 

their home country and settled in Western countries, like Span, Italy, Germany or the USA. In this period, 

only the provinces Sofia and Warna could increase population. Amongst other reasons, because of this, 

Bulgaria has a mainly urban population. The number of population below the poverty line is higher than 

in other EmBuild countries. In addition, the share of people, which has no private WC or shower in their 

dwellings, is amongst the highest in the region. People live in very poor housing standards and the rate 

of fuel poverty is consequently higher than in other countries of the region. Bulgaria has various health 

challenges due to winter deaths and under heated homes.  

 

Environment/ Hazards / Climate 

Environmental Pollution- Current issues  air pollution from industrial emissions;  
 rivers polluted from raw sewage, heavy metals, 

detergents deforestation;  
 forest damage from air pollution and resulting acid 

rain; 
 soil contamination from heavy metals from 

metallurgical plants and industrial wastes 

Emissions of CO2 (2008) General: 48809060 tons 

Emissions of CO2 for energy and water distribution 

(2008) 30595630 tons 

Emissions of CO2 for building construction (2008) 

1205480 tons 

Emissions of CO2 for public administration and defence 

(2008): 45160 tons 

Emissions of CO2 for education (2008): 37690 tons 

Emissions of CO2 per capita (2013) 5446 tons (source: worldbank) 

Emissions of Greenhouse gases (2014) Emissions of Greenhouse gases in general: related to 

Index 1990= 100%; 2014: 55.09 % (EU goal: 80%) 

Emissions of Greenhouse gases per capita (tons CO2 

equivalent) 2014: 7.97 

Exposure of urban population to 

particulate matter in weighted PM10, 

PM2.5 concentrations (2014) 

26.1 

Spending’s to protect clean air and 

climate (2013) 

49.34 Million € 

Land use (estimate 2011) 

 

agricultural land: 46.9% 
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arable land 29.9%; permanent crops 1.5%;  

permanent pasture 15.5% 

forest: 36.7% 

other: 16.4% 

Natural hazards Earthquakes, landslides 

Climate 

temperate; cold, damp winters; hot, dry summers 

Bulgaria faces the highest percentage of exposure of urban population to particulate matter. The rate is 

two times higher than the average within EmBuild countries. Even though the spending on clean air and 

climate are high and there are various regulations, air and environmental pollution is on a high level. On 

the other side, Bulgaria has reached low CO2 emissions per capita and outperformed the EU 

greenhouse gas goals (reduction of 20 %) with a reduction of 45%. Some reasons could be emigration 

and economic stagnation. Energy efficiency will in particular be a perfect solution to tackle the particulate 

matter pollution in urban environments.  

 

Economy 

Employment 

Labour force (estimate 2016 ) 2.525 million 

Labour force - by occupation (estimate 

2014) 

agriculture: 7% 

industry: 30.1% 

services: 62.9%  

Unemployment rate (estimate 2016) 8.9% 

Unemployment, youth ages 15-24 

(estimate 2014) 

23.8% 

Income and Production (Construction and Building) 

GDP - per capita (PPP) (estimate 2016) $20,100  

GDP - composition, by end use (estimate 

2016) 

household consumption: 60.8% 

government consumption: 15.9% 

investment in fixed capital: 20.4% 

investment in inventories: 0.1% 

exports of goods and services: 69.1% 

imports of goods and services: -66.3%  

GDP - composition, by sector of origin 

(estimate 2016) 

agriculture: 5.1% 

industry: 27.5% 

services: 67.5%  

Production in the construction sector 

(compared to baseline 2010=100), 

2016M12 

 81.1 

 

Employment trend in the construction 

sector (compared to baseline 2010 = 

100), 2016Q3 

70.5 

Public Budget 

Revenues (estimate 2016) $18.44 billion 

Expenditures (estimate 2016) $19.18 billion (2016 est.) 
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Taxes and other revenues (estimate 

2016) 

36.6% of GDP 

Budget surplus (+) or deficit (-) (estimate 

2016) 

+ 1.6 % of GDP (source: reuters) 

Investment of foreign countries (estimate 2012) 

All economic sectors (€) 1142 million  

Investment in oil and gas extraction (€) 159 million  

Investment in energy distribution (€) 733 million  

Construction/ building (€) 165 million 

Real Estate (€) -495 million 

Engineering and Architecture offices (€) 99 million 

Bulgaria, compared to other countries has a lack of working force. The unemployment rates are low and 

the need for educated, well-trained workers with experience is high. The brain drain of academics, for 

instance doctors is hitting the countries future development. The employment trend in the construction 

sector is decreasing. Based on expert interviews, this is not related to decrease of projects or work; it is 

blocked by the lack of workers. The GDP (purchase power parity) is little less than the average o 

EmBuild countries. As a mean, 12.6% of the income is spent on cost of energy, water and maintenance 

of dwellings. This shows that fuel poverty is a serious problem in Bulgaria threshold is 10% spending). 

However, the tendency shows a reduction of the gap between incomes and expenditures, while in 2010 

and 2011 higher incomes than expenditures were registered (BPIE 2016-2).  

 

Energy / Resources 

Natural resources: 

 

bauxite, copper, lead, zinc, coal, timber, arable land 

 

Electricity – production (estimate 2014) 44 billion kWh 

Electricity – consumption (estimate 2014) 31 billion kWh 

Electricity – exports (estimate 2015) 14.7 billion kWh 

Electricity – imports (estimate 2014) 4.3 billion kWh 

Electricity - installed generating capacity 

(estimate 2014) 

11.84 million kW 

Electricity sources (estimate 2014) in % 

of installed capacity 

from fossil fuels: 41.7%  

from nuclear fuels: 16.9%  

from hydroelectric plants: 8.5%  

other renewable sources: 32.9%  

Crude oil (estimate 2015) in barrels per 

day 

production: 1,000 bbl/day  

exports: 0 bbl/day (2013 est.) 

imports: 129,300 bbl/day (2013 est.) 

proved reserves: 15 million bbl (2016 est.) 

Refined petroleum products (estimate 

2013) in barrels per day 

production: 139,100 bbl/day  

consumption: 84,000 bbl/day  

exports: 92,350 bbl/day  

imports: 41,320 bbl/day  

Natural Gas in m³ (estimate 2014) production: 180 million m³  

consumption: 2.86 billion m³ 

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2237&term=Electricity%20-%20from%20fossil%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2239&term=Electricity%20-%20from%20nuclear%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2238&term=Electricity%20-%20from%20hydroelectric%20plants
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2240&term=Electricity%20-%20from%20other%20renewable%20sources
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2241&term=Crude%20oil%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2242&term=Crude%20oil%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2243&term=Crude%20oil%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2244&term=Crude%20oil%20-%20proved%20reserves
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2245&term=Refined%20petroleum%20products%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2246&term=Refined%20petroleum%20products%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2247&term=Refined%20petroleum%20products%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2248&term=Refined%20petroleum%20products%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2249&term=Natural%20gas%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2250&term=Natural%20gas%20-%20consumption
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exports: 0 m³  

imports: 2.725 billion m³  

proved reserves: 5.663 billion m³ (1 January 2016 es) 

Carbon dioxide emissions from 

consumption of energy (estimate 2014) 

43.61 million Mt 

Dependence on energy imports (all 

sources, gross energy consumption) 

(2015) 

56 % 

Prices per Kilowatt-hour incl. all taxes in 

€ (2016S1) 

Natural gas price for private customers: 0.0368 

Natural gas price for private customers (purchasing 

power standard): 0.0798 

Natural gas price for industry: 0.0276 

Natural gas price for industry (purchasing power 

standard): 0.0598 

Electricity price for private customers: 0.0956 

Electricity price for private customers (purchasing power 

standard): 0.2074 

Electricity price for industrial customers: 0.1202 

Electricity price for industrial customers (purchasing 

power standard): 0.2607 

Share of renewable energy on gross final 

energy consumption (2014) 

18 % (goal: 16%) 

Solar collectors surface in thousand m² 

(2015) 

344 

Looking at the energy sector, Bulgaria is highly dependent on Russia. Most of the gas is imported from 

Russian facilities, only 9% are extracted form own sources. The only nuclear power plant (3760 MW), 

which provides 32-36% of electricity, is constructed with Russian technology. Nuclear waste is also 

deposited in Russia. Bulgaria suffers from high air pollution, thus there is a strong movement within the 

population against coal power plants.  

Energy consumption in household increased from 2000-2013. The most noticeable was the increase of 

electricity (28.8%) and firewood (34.1%) consumption for heating and the reduction of district heat and 

coal (19.9% for the country and 14.9% for the cities) consumption. During the last years, the burning of 

wood with high humidity and especially of low-grade coal is on of the main reasons for the increase of 

excessive air pollution with fine particles in villages and in several cities. The increase of electricity 

consumption can be explained by the growth in the variety of household appliances and by heating with 

electricity. The growth of the use of firewood can be explained by the substitution of other fuels and by 

the lower efficiency of the technologies used to burn wood (BPIE 2016-2). By 2011, solar panels for hot 

water and electricity generation had been installed in only 1.8% of all buildings, the majority (86%) of 

which are on single-family houses. This indicates a very low penetration of this type of renewable energy 

(BPIE 2016-2). 

District heating (DH) in Bulgaria with a high share of renewable energy may be an important point for 

the heating strategy in Bulgaria. Currently nearly all district heating plants are operating with natural gas 

or coal. It is estimated, that the actual share of renewable energy for district heating is about 1%. Overall, 

the DH systems built before 1990 are developed at a very large scale, covering big parts of city areas. 

Due to an uncontrolled extension, they are inefficient and have a bad public perception (BPIE 2012). 

 

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2251&term=Natural%20gas%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2252&term=Natural%20gas%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2253&term=Natural%20gas%20-%20proved%20reserves
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4.4.2 Building and energy related data and policies 

For Bulgaria only a few data was found on the public building stock. However in the following a short 

overview over building situation should be given. For more, detailed information, please check the 

building stock related deliverables of EmBuild (Deliverable D.2.5, D.3.1, and D.3.4). 

In the non-residential sector, the biggest building group is the office building with 37%, followed by 

educational buildings with 22% and retail buildings with 19% (BPIE 2012). 

Up to date, the implementation of energy efficiency measures is lagging in State and municipally owned 

residential dwellings. In 72.7% of cases, such measures are not implemented at all, while in 17.3% only 

windows are replaced and just in 8.2%, insulation and windows are implemented together (see Figure 

28) (BPIE 2016-2). 

 

 

Figure 28: distribution of residential buildings according to the energy efficiency measures 
implemented (BPIE 2016-2) 

In the residential sector, detached single-family houses and multi-family blocks of flats represent 90% 

of building stock in Bulgaria. 97% of the net floor area allocated in residential sector. Residential 

buildings together with office buildings represent more than 80% of the overall net floor area of the 

Bulgarian buildings. Around 68% of the dwellings were built after World War 2 and during the communist 

regime. In this time, energy prices were very low and priority was given to minimizing the initial 

investments, thus leading to a low quality architecture and insulation. Around 22% of the residential 

buildings were made with external walls from prefabricated elements with a very poor thermal insulation. 

Due to the low quality insulation, the specific energy consumption per heated area is higher than in 

Western European countries. Currently, many people are not able to pay for heating their homes to the 

normal comfort level (BPIE 2012).  

Bulgarian residential buildings are under-heated have constant low indoor temperatures or selective 

areas for heating (like one room). The low level of energy use due to a voluntary lower level of comfort 

may be misinterpreted as higher energy efficiency. Investment in deep renovations could help to 

decrease the energy demand and allow occupants to increase their thermal comfort while maintaining 

stable operating costs (BPIE 2016-2). 

4.4.3 Status Quo: Wider benefits 

Some wider benefits have already been identified for Bulgaria. Various studies and reports stated some 

of the benefits, which can be observed due to energy efficiency and deep renovation measures.  

Environmental impacts: Ambient benefits arise through reduced energy demand that reduces wider 

environmental impacts of energy extraction, production and supply. Important for Bulgaria in particular, 

is the improved local air quality. 



  

74 

 

 

Health benefits and increased comfort in residential dwellings: Improved indoor air quality and 

reduced risks of cold homes, particularly for low-income households or elderly. This impact is calculated 

as equivalent to the amount of energy expenditure required to generate the increase in internal 

temperature through renovation. For every 8 units of theoretical energy saving, approximately 1 is used 

to increase the internal temperatures while the remaining 7 are taken as actual energy savings (BPIE 

2016-2). This leads also to an alleviation of fuel poverty.  

Need for educated workers and trainers: There is a strong need for the training of design engineers 

and architects. Unfortunately, most universities are not yet ready to provide an adequate education and 

postgraduate qualification in sustainable and energy efficient building and planning. In various reports it 

is mentioned that no shortage of workers is anticipated for traditional professional activities such as 

concrete-worker, reinforcement worker, mason, carpenter, plumber, electrician, roofer, installer of 

window frames, thermal insulation installer, water-proofing installer or shuttering-worker. However, due 

to diverse reasons (emigration, retirement, job shift etc.) it is assumed that there will be a need for 

training around 20% new workers. Moreover, due to the increasing stake of low-energy solutions in the 

mainstream construction practice, it is additionally supposed that nearly all workers would be engaged 

(although at different levels) in continuing training activities. In the field of renewable energy equipment 

for energy supply in buildings there is a clear shortage of installers in each of the studied systems (i.e. 

small biomass fired boilers, photovoltaic and solar thermal systems, geothermal systems and heat 

pumps, mini wind turbines). The situation is severe, since in Bulgaria the teaching profession is 

unattractive for young graduates and a significant number of teachers will retire over the next years. By 

2020 there will be a needed of at least 1000 additional trainers, able to teach theory and practical skills 

for all classic construction works, energy efficiency and renewable energy (BPIE 2012). 

Industrial production benefits: higher investment costs may be outweighed by energy savings over 

the lifetime of the building (the building offers less sensitivity to energy prices and to political 

disturbances). 

Asset values: When a building is sold, the high standard can be rewarded through a re-sale price up 

to 30% higher in comparison with standard buildings. 

Energy security: There will be decreased energy dependence on fossil fuels, especially imported gas. 

This will also affect future energy prices 

4.4.4 EmBuild specific wider benefits 

Social benefits, improvement of public building stock (schools, hospitals etc.) and increase of 

attractiveness of Bulgarian cities (social asset values): Bulgaria suffers from emigration of academics 

and well-trained workers. Deep renovation and energy efficiency measures can improve public services 

and the general perception of public structures like hospitals, schools, administration. Lighthouse 

projects and technological high-tech buildings can provide an incentive to keep these workers in the 

country. Additional training programs like the Build-up Skill initiative will help to increase both, energy 

efficiency measures in public schemes and growing human capital of needed workers, architects and 

planners.  

Energy security and delivery through independence from energy imports: Bulgaria is highly dependent 

on gas, oil and energy imports from Russia. Even the only nuclear power plant has most of its technology 

from Russia; nuclear waste is deposit in Russia. There is also a strong public movement against coil 

power plants. Energy efficiency measures and deep renovation can reduce the energy consumption and 

foster renewable energy generation. Thus, the country will be more independent for imports, is less 

vulnerable for power outages and reduces peak loads, which need conservative energy production the 

most. Furthermore, this will generate new economic sectors in the renewable energy branch and help 

to diversify energy production a distribution. In addition, the reduced energy demand will lead to less air 

pollution.  

Environmental benefits, especially the reduction of air pollution through particulate matter: Bulgaria is 

one of the countries in Europe with the highest charge of particulate matter in urban areas. Local air 

pollution becomes even more severe, since more than 70% of Bulgarians live in cities. Energy efficiency 

measures will help to reduce the amount of energy consume, in particular wood burning, which one of 
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the main producers of particulate matter. It will additionally decrease the overall greenhouse gas 

emissions. 

Increase of building comfort and reduction of health issues through cold indoors: Since most of the 

residential building stock is constantly under-heated. Energy efficiency measures will help to increase 

average indoor temperatures and decrease overcrowded living spaces (mot of the time single rooms 

are heated to save energy). In Bulgaria, energy saving is not of main interest. Dee renovation will be 

performed to improve indoor comfort and to alleviate fuel poverty. This will have major effects on the 

health of the occupants and respectively public spending on healthcare.  

 

 

 

 

Figure 29: The selected wider benefits for Bulgaria as collected by EmBuild experts and insights 
to the country specific data (own illustration, data: IEA 2014)  

4.5 Slovenia 

4.5.1 Country Framework and data 

Slovenia is a nation state in southern Central Europe, located at the crossroads of main European 

cultural and trade routes. It is bordered by Italy to the west, Austria to the north, Hungary to the northeast, 

Croatia to the south and southeast, and the Adriatic Sea to the southwest. It covers 20,273 square 

kilometers and has a population of 2.06 million. It is a parliamentary republic and a member of the United 

Nations, European Union, and NATO. The capital and largest city is Ljubljana. The country, marked by 

a significant biological diversity, is one of the most water-rich in Europe. Over half of the territory is 

covered by forest (CIA 2017). 

Sources for the following data were, the “CIA-The World Factbook”, the Eurostat database of the 

European Union were chosen. These sources have detailed information about all countries, and most 
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important, comparable datasheets. For some specific data and details, different and local sources were 

consulted, which will be marked in the tables.  

To make the data comparable, it was tried to implement only data, which was adapted to an average 

purchase power. When possible, average of all EmBuild countries were calculated and the actual data 

was compared to these averages. If the value is above the average (better), the numbers are marked 

in green. If the values are worse, the numbers are marked in red. However, these marks do not 

necessarily state the potential for energy efficiency measures, but should give a first indication, which 

will then be discussed in the end of each section 

 

SLOVENIA 

 

BASIC Data 

Area 20.273 km² 

Population – 2016 estimate Total: 2.064.241 

Density: 102/km² 

GDP (PPP) – 2016 estimate Total: 62.515Billion USD 

Per capita: 24.533 USD 

GDP (nominal) - 2016 estimate Total: 49,588 Billion USD  

Per capita: 24.533 USD 

Human Development Index (2013) 0,874 (25.) 

 

Demography - Society 

Population - distribution: a fairly even distribution throughout most of the country, 

with urban areas attracting larger and denser populations; 

pockets in the mountainous northwest exhibit less density 

than elsewhere 

Age structure (estimate 2016):  0-14 years: 13.35% 

15-24 years: 9.58%  
25-54 years: 43.3%  
55-64 years: 14.82%  
65 years and over: 18.95%  

Population growth rate (estimate 2016) -0.29%  

Urbanisation urban population: 49.6% of total population (2015) 
rate of urbanization: 0.08% annual rate of change  

(2010-15 est.) 
Population below poverty line (estimate 

2012) Cut off point = 60 % of median 

equivalised income after social transfers 

13.5%  

 

Persons which face poverty regarding 

public social support in thousand (2015) 

287 

Housing 

Non-regular- housing (2011) 4252 

Overcrowded living spaces (%) on all 

households (2015) 

13.7% 
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Average number of persons per 

household (2015) 

2.3 

The share of total population living in a 

dwelling with a leaky roof, moisture in the 

walls, in the floors, in the foundation or 

putrefaction into the window frame or in 

the soil In Percentage (2015) 

26.9 % 

Share of total population, which has 

whether, a bathtub nor a shower in their 

dwelling 

0.5 

Share of total population, which has no 

private WC in their dwelling (2015) 

0.3 

Health 

Persons who state certain illnesses in 

percent of population (2014) 

Asthma: 5% 

Lower respiratory symptoms and chronic obstructive 

pulmonary disease: 4.1 % 

Chronic depression: 8.8 % 

Slovenia is a stable economic and political country. After Germany, the GDP is one of the highest within 

EmBuild countries. In addition, the human development index indicates a high overall progress. The age 

pyramid is similar to western European countries. The amount of people under 24 years is shrinking 

through low birth rates. The amount of elderly on the other hand is increasing, which means the number 

of vulnerable occupants is growing. A surprising fact is that Slovenia has the highest rate of population, 

which lives in dwellings with a leaky roof, moisture I the walls or in the floors. Asthmatic diseases and 

chronic depression have a higher occurrence then in the other EmBuild countries. Half of the population 

lives in urban areas. On the other hand, only 5.6% of the population are not able to keep their homes 

warm.  

 

Environment/ Hazards / Climate 

Environmental Pollution- Current issues  Sava River polluted with domestic and industrial 
waste;  

 pollution of coastal waters with heavy metals and 
toxic chemicals;  

 forest damage from urban air pollution and resulting 
acid rain 

Emissions of CO2 (2008) total: 14765200 tons 

for energy and water distribution: 6434560 tons 

for building construction: 160890 tons 

for public administration and defence: 3530 tons 

for education: 0 tons 

Emissions of CO2 per capita (2013) 7.01 tons (source: Worldbank) 

Emissions of Greenhouse gases (2014) Emissions of Greenhouse gases in general: related to 

Index 1990= 100%; 2014: 89.23 % (EU goal: 80%) 

per capita (tons CO2 equivalent) 2014: 8.08 

Exposure of urban population to 

particulate matter in weighted PM10, 

PM2.5 concentrations (2014) 

17.5 

Spending’s to protect clean air and 

climate (2013) 

29.95 Million € 
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Land use (estimate 2011) 

 

 agricultural land: 22.8% 
 arable land 8.4%; permanent crops 1.3%;  
 permanent pasture 13.1% 
 forest: 62.3% 
 other: 14.9%  

Natural hazards flooding; earthquakes 

Climate 

Mediterranean climate on the coast, continental climate with mild to hot summers and cold winters in 

the plateaus and valleys to the east 

Slovenia is a small country. Compared to the size, it invests more than the average of EmBuild countries 

in protecting clean air and climate. However, the per capita greenhouse gas and CO2 emissions are 

higher than usual in the region. This might be connected to the economic development and the higher 

living standards in Slovenia (the higher the GDP, the higher the CO2-Emissions). Due to the countries 

stability, and reputation as the green lung of Europe, environmental protection should be a main part of 

the political agenda. Energy efficiency measures can deliver an important stake of it.  

 

Economy 

Employment 

Labour force (estimate 2016 ) 918,700  

Labour force - by occupation (estimate 

2012) 

agriculture: 8.3% 
industry: 30.8% 
services: 60.9%  

Unemployment rate (estimate 2016) 11.6%  

Unemployment, youth ages 15-24 

(estimate 2014) 

 

20.2% 

Income and Production (Construction and Building) 

GDP - per capita (PPP) (estimate 2016) $32,000  
 

GDP - composition, by end use (estimate 

2016) 

household consumption: 51.7% 
government consumption: 18.6% 
investment in fixed capital: 19% 
investment in inventories: 0.8% 
exports of goods and services: 79.7% 
imports of goods and services: -69.8%  

GDP - composition, by sector of origin 

(estimate 2016) 

agriculture: 2.3% 
industry: 33.6% 
services: 64.1%  

Production in the construction sector 

(compared to baseline 2010=100), 

2016M12 

58.1 

Employment trend in the construction 

sector (compared to baseline 2010 = 

100), 2016Q3 

69 

Public Budget  

Revenues (estimate 2016) $19.32 billion 

Expenditures (estimate 2016) $20.51 billion 

Taxes and other revenues (estimate 

2016) 

43.8% of GDP  

Investment of foreign countries (estimate 2012) 
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All economic sectors (€) 58 million euros 

Investment in oil and gas extraction (€) 1 million euros 

Investment in energy distribution (€) 12 million euros 

Construction/ building (€) 27 million Euros 

Real Estate (€) 78 million Euros 

Engineering and Architecture offices (€) 2 million Euros 

Consequences of the worldwide financial crisis still have an impact on the Slovenian economy. Even 

the economy is stable and youth unemployment is lower than in other EmBuild states some sectors 

have to recover. In particular, the construction sector is far behind the 2010 baseline. Production and 

employment in the building sector is 40% below the numbers of 2010. The overall unemployment rate 

is higher than the EmBuild average. Overall, the basis for economic growth is given. The construction 

sector needs investments and energy efficiency measures as well as holistic deep renovation schemes 

could be the necessary push.  

 

Energy / Resources 

Natural resources: lignite, lead, zinc, building stone, hydropower, forests 

Electricity – production (estimate 2014) 16 billion kWh 

Electricity – consumption (estimate 2014) 13 billion kWh 

Electricity – exports (estimate 2014) 10 billion kWh 

Electricity – imports (estimate 2014) 7.3 billion kWh 

Electricity - installed generating capacity 

(estimate 2014) 

3.5 million kW 

Electricity sources (estimate 2013) in % 

of installed capacity 

from fossil fuels: 34.1% 

from nuclear fuels: 33.6%  

from hydroelectric plants: 29.2%  

Electricity - from other renewable sources: 3% 

Crude oil (estimate 2015) in barrels per 

day 

production: 5 bbl/day  

exports: 0 bbl/day  

imports: 0 bbl/day  

proved reserves: 0 bbl  

Refined petroleum products (estimate 

2015) in barrels per day 

production: 0 bbl/day  

consumption: 49,680 bbl/day  

exports: 23,340 bbl/day 

imports: 79,100 bbl/day  

Natural Gas in m³ (estimate 2014) production: 3 million m³  

consumption: 769 million m³  

exports: 0 m³  

imports: 766 million m³ 

proved reserves: 0 m³  

Carbon dioxide emissions from 

consumption of energy (estimate 2013) 

13 million Mt  

 

Dependence on energy imports (all 

sources, gross energy consumption) 

(2015) 

44% 

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2237&term=Electricity%20-%20from%20fossil%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2239&term=Electricity%20-%20from%20nuclear%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2238&term=Electricity%20-%20from%20hydroelectric%20plants
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2240&term=Electricity%20-%20from%20other%20renewable%20sources
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2241&term=Crude%20oil%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2242&term=Crude%20oil%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2243&term=Crude%20oil%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2244&term=Crude%20oil%20-%20proved%20reserves
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2245&term=Refined%20petroleum%20products%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2246&term=Refined%20petroleum%20products%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2247&term=Refined%20petroleum%20products%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2248&term=Refined%20petroleum%20products%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2249&term=Natural%20gas%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2250&term=Natural%20gas%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2251&term=Natural%20gas%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2252&term=Natural%20gas%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2253&term=Natural%20gas%20-%20proved%20reserves
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Prices per Kilowatt-hour incl. all taxes in 

€ (2016S1) 

Natural gas price: 0.0599 

Natural gas price (purchasing power standard): 0.0761 

Natural gas price for industry: 0.0421 

Natural gas price for industry (purchasing power 

standard): 0.0535 

Electricity price for private: 0.1618 

Electricity price for private customers (purchasing power 

standard): 0.2055 

Electricity price for industrial customers: 0.1033 

Electricity price for industrial customers (purchasing 

power standard): 0.1312 

Share of renewable energy on gross final 

energy consumption (2014) 

21.9 % (goal: 25%) 

Solar collectors surface in thousand m² 

(2015) 

239 

Slovenia is very dependent on energy imports. Even it is the lowest value since decades; the import of 

gas generates high stakes. The share of renewables is higher than in other EmBuild countries, which 

relies on the high percentage of biomass for heating residential homes. The state still invest in efficient 

biomass heating networks. Biomass is growing heating source and therefore gas is consumed less. 

Most of the socialistic building stock is heated by district heating networks, which are charged by coal. 

These networks are inefficient and should be optimised in the future.  

4.5.2 Building and energy related data and policies 

As mentioned, Slovenia is a small country with only 2 million inhabitants. IN 2012, these people lived in 

775,204 apartments, giving over 63 million m² of floor area. This number accounted for 72 % of the total 

building stock. 28% of the building stock consist of non-residential buildings of which 38 % of the total 

floor area are public buildings (see Figure 30). This includes buildings owned and operated by central 

government. The building stock is constantly increasing in size. In the most recent period, the highest 

number of new-builds occurred in 2008. The numbers began to fall from the onset of the economic crisis 

and did not stabilise until 2013, which saw minimal growth in comparison with the year before. 

In 2015, the potential for renovation in the non-residential was estimated at 68 % of the total floor area. 

Nearly zero-energy buildings account for 1 % of the total floor area. The potential for renovation to nearly 

zero-energy building standard in public buildings was estimated to 66 % of the total floor area of public 

buildings. 

The republic of Slovenia stated in their official report, that the housing sector accounts for the highest 

share of end-use energy savings. They expect that in 2020 85 % of all savings are achieved as a result 

of building renovation measures (in 2030 83 %) (Republika Slovenija 2015). 
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Figure 30: building stock divided in housing sector, public sector and other non-residential 
buildings (Republika Slovenija 2015) 

4.5.3 Status Quo: Wider benefits 

Some wider benefits have already been identified for Slovenia. In the following, the wider benefits 

identified by the government of Slovenia and estimated in a wide modelling study, are listed an 

explained.  

Economic benefits: Increasing the energy performance of the building stock contains a substantial 

volume of investments. In the 2015– 2030 period, the total value of the investments required is estimated 

at 6.71 billion EUR, and the value of additional investments (i.e. excluding investments required by 

regular building maintenance) at EUR 5.48 billion.  

Job Creation: Because of the relatively high labour intensity of the energy renovation of buildings, 

investments in energy performance can be an important boost for the creation of new jobs in comparison 

with many other sectors of the economy. A governmental report states, that additional investments in 

energy renovation will give rise to employment in Slovenia of between 0.36 % and 0.58 % annually 

(between 3 000 and 4 600 new jobs yearly).  

Increased GDP: The additional funds used for investments in the energy renovation of buildings should 

generate an increase in GDP of 0.89 % per year relative to the baseline scenario, and an increase of 

1.98 % in domestic sales and 1 % in domestic production. Private consumption should also increase by 

0.93 % and state consumption by up to 0.04 %. 

Public finance benefits: Energy efficiency measures in public buildings reduce state expenditure on 

energy and increase finance revenues because of increased investment and economic activity. Positive 

effects on the public budget comprise also a reduction of healthcare expenditure (improvement of health 

through improved living conditions and indoor climate) and a reduction of funds for subsidies as a 

consequence of reduced fuel poverty. 

Increased property values: Increased energy performance has a positive effect on property value. A 

British study indicates that property with an A/B energy class achieves values that are, on average, 14 

% higher than those achieved by property in the lowest energy class. Increased energy performance 

also contributes to increasing the value of commercial buildings (higher rents). With the energy 

performance certificates or indicators, which are mandatory in Slovenia, the value of energy efficient 

building will be even more present.  

Incentives for research and development, industry competitiveness and export growth: energy 

efficiency and its generally high technology approach has an important incentivising effect on the 

development of research and development activities connected with energy-efficient technologies. 

Effect on health, improved living comfort and higher productivity, aesthetics: Deep renovation 

and energy efficiency improvement has a significant impact on the quality of living conditions such as 
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temperature of rooms, air quality, lighting, acoustics and humidity. In particular, this affects households 

faced with energy poverty and poor living conditions. Improved indoor climate also increases 

productivity, reduces levels of absence from work, lowers levels of stress and reduces allergic reactions 

in office and administrative buildings. In addition, complete energy renovation also makes a positive 

contribution to the development of cultural and tourist potentials and can generate new aesthetical 

benefits.  

Environmental benefits: Long-term projections for the renovation of building stock have been 

produced and the environmental impact of policies and measures assessed for the period leading up to 

2030. This analysis contains the first projection of GHG emissions for Slovenia in accordance with the 

new IPCC methodology. Greenhouse gas emissions from existing buildings will be 58 % lower in 2020 

and 72 % lower in 2030 relative to the baseline year of 2005.  

Reduced air pollution: An assessment has been made of the anticipated effects of the energy 

renovation of buildings on reducing air pollution levels in the period leading up to 2030 relative to 2015. 

A reduction in emissions of the following is expected: 

 sulphur dioxide – reduction of 59 % 
 nitrogen oxides – reduction of 43 % 
 all particles – reduction of 53 %  
 volatile organic substances – reduction of 39 % 

Benefits for the energy system: Slovenia is currently 100 % dependent on imports for its petroleum 

derivatives. The implementation of renovation measures and the related energy savings mean that there 

will be a 49.5 % reduction in the use of fossil fuels in existing buildings by 2020, and an 82 % reduction 

by 2030. 

(Republika Slovenija 2015) 

4.5.4 EmBuild specific wider benefits 

In the previous chapter, a broad description of all applicable wider benefits for Slovenia was given. The 

comprehensive report of Republika Slovenija (2015) identified the most important benefits that energy 

efficiency measures can generate. However to streamline the process for the development of tools and 

the communication of wider benefits to the EmBuild stakeholders the following selection of wider benefits 

has been made. These benefits will work as a first approach on simplifying the concept of wider benefits 

and shrinking the information to a communicable number.  
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Figure 31: The selected wider benefits for Bulgaria as collected by EmBuild experts and insights 
to the country specific data (own illustration, data: IEA 2014)  

4.6 Romania 

4.6.1 Country Framework 

Romania is a sovereign state located in Southeastern Europe. It borders the Black Sea, Bulgaria, 

Ukraine, Hungary, Serbia, and Moldova. It has an area of 238,391 square kilometers and a temperate-

continental climate. With over 19 million inhabitants, the country is the seventh-most-populous member 

state of the European Union. Its capital and largest city, Bucharest, is the sixth-largest city in the EU 

(CIA). 

Sources for the following data were, the “CIA-The World Factbook”, the Eurostat database of the 

European Union were chosen. These sources have detailed information about all countries, and most 

important, comparable datasheets. For some specific data and details, different and local sources were 

consulted, which will be marked in the tables.  

To make the data comparable, it was tried to implement only data, which was adapted to an average 

purchase power. When possible, average of all EmBuild countries were calculated and the actual data 

was compared to these averages. If the value is above the average (better), the numbers are marked 

in green. If the values are worse, the numbers are marked in red. However, these marks do not 

necessarily state the potential for energy efficiency measures, but should give a first indication, which 

will then be discussed in the end of each section 

 

 

  

Energy efficieny 

improvement 

Ressource 

Management 

Public 

budgets 

 

Disposable 

income 

 

Asset 

values 

Energy 

savings 

GHG 

Emissions 

Energy 

security 

Energy 

delivery 

Energy 

prices 
Macro-

economic 

impacts 

Industrial 

productivity 

Poverty 

alleviation 

Health and 

well-being 

Employment 

Local air 

pollution 



  

84 

 

 

ROMANIA 

 

BASIC Data 

Area   238.391 km² 

Population – 2016 estimate Overall:   19.870.000 

Density:  84,4 /km²  

GDP (PPP) – 2013 estimate Total  $371.233 Mil. USD 

Per capita $22,300  

GDP (nominal) - 2013 estimate Total  $188.893 Mil.  

Per capita $8.873  

Human Development Index (2014) Increase 0,785 54th  

 

Demography - Society 

Population - distribution: urbanization is not particularly high, and a fairly even 

population distribution can be found throughout most of 

the country, with urban areas attracting larger and denser 

populations; Hungarians, the country's largest minority, 

have a particularly strong presence in eastern 

Transylvania 

Age structure (estimate 2016):  0-14 years: 14.4% 

15-24 years: 10.76%  

25-54 years: 45.97%  

55-64 years: 12.8%  

65 years and over: 16.07%  

Population growth rate (estimate 2016) -0.32% 

Urbanisation urban population: 54.6% of total population (2015) 

rate of urbanization: 0.01% annual rate of change  

(2010-15 est.) 

Population below poverty line (estimate 

2012) Cut off point = 60 % of median 

equivalised income after social transfers 

22.4%  

 

Persons which face poverty regarding 

public social support in thousand (2015) 

5056 

Housing 

Non-regular- housing (2011) 4280 

Overcrowded living spaces (%) on all 

households (2015) 

49.7% 

Average number of persons per 

household (2015) 

2.7 

The share of total population living in a 

dwelling with a leaky roof, moisture in the 

12.8 % 
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walls, in the floors, in the foundation or 

putrefaction into the window frame or in 

the soil In Percentage (2015) 

Share of total population, which has 

whether, a bathtub nor a shower in their 

dwelling (2015) 

30.8 

Share of total population, which has no 

private WC in their dwelling (2015) 

32.8 

Health 

Persons who state certain illnesses in 

percent of population (2014) 

Asthma: 2% 

Lower respiratory symptoms and chronic obstructive 

pulmonary disease: 2% 

Chronic depression: 1.5% 

Romania has a decreasing population. Since 2002, the population shrank by 8.3 % until 2016; this 

means a reduction of around 1.809.333 people. A main reason is the bad economic condition since 

1945 and the related emigration of educated and well trained workforce. However, the population of 

Romania is very young compared to the other countries of the EmBuild project. An increasing life 

expectancy and the stabilisation of the economy will change this in the future. A problem of the country 

are the very bad housing and hygiene conditions. The share of population, which has whether a shower 

nor a bathtub nor a WC in their dwelling is estimated as almost a third. Poverty is a big issue in Romania 

and the bad quality housing is one of the results. Fuel poverty however seems not to be an issue, since 

most poor households find alternatives to heat their homes or heat only single rooms. Half of the 

inhabitants of Romania live in overcrowded flats. The health problems seem to be much lower than in 

other countries of the region but the fact that a lot of healthcare is not taken over by the state and has 

to be paid privately makes illnesses to a severe problem. In addition to that, every tenth medic is 

emigrating due to the low payments.  

 

Environment/ Hazards / Climate 

Environmental Pollution- Current issues  soil erosion and degradation;  
 water pollution;  
 air pollution in south from industrial effluents;  
 contamination of Danube delta wetlands 

Emissions of CO2 (2008)  General: 90088690 tons 
 for energy and water distribution: 49126590 tons 
 for building construction: 4430070 tons 
 for public administration and defence: 179880 tons 
 for education: 146140 tons 

Emissions of CO2 per capita (2013) 3.54 tons (source: Worldbank) 

Emissions of Greenhouse gases (2014) in general: related to Index 1990= 100%; 2014: 43.87 % 

(EU goal: 80%) 

per capita (tons CO2 equivalent): 5.62 

Exposure of urban population to 

particulate matter in weighted PM10, 

PM2.5 concentrations (2014) 

15.1 

Land use (estimate 2011) 

 

agricultural land: 60.7% 

arable land 39.1%; permanent crops 1.9%; permanent 

pasture 19.7% 

forest: 28.7% 

other: 10.6%  
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Natural hazards earthquakes, most severe in south and southwest; 

geologic structure and climate promote landslides 

Events 

Climate 

temperate; cold, cloudy winters with frequent snow and fog; sunny summers with frequent showers 

and thunderstorms 

Environmental pollution and greenhouse gases are connected to economic development. After joining 

the European Union, the economy of Romania started to grow. Slowly but steady. Nevertheless, before 

during the communist regime the economy and productivity was stagnating on low levels. Thus, it is no 

surprise that Romania has the lowest number of all EmBuild countries, regarding CO2 and greenhouse 

gas emissions per capita. Local air pollution is also on a low level. Even the numbers are low throughout 

all categories; the growing economy will have a long-term impact on the environmental statistics. Energy 

efficiency and deep renovation can be the preventive measures to keep energy related emissions and 

pollution on a low level.  

 

Economy 

Employment 

Labour force (estimate 2016 ) 9529930 

Labour force - by occupation (estimate 

2014) 

agriculture: 28.3% 

industry: 28.9% 

services: 42.8%  

Unemployment rate (estimate 2016) 6.7%  

Unemployment, youth ages 15-24 

(estimate 2014) 

24% 

Income and Production (Construction and Building) 

GDP - per capita (PPP) (estimate 2015) 20872 

GDP - composition, by end use (estimate 

2016) 

household consumption: 69.4% 

government consumption: 6.7% 

investment in fixed capital: 25.2% 

investment in inventories: 0.3% 

exports of goods and services: 40.9% 

imports of goods and services: -42.5%  

GDP - composition, by sector of origin 

(estimate 2016) 

agriculture: 3.3% 

industry: 35.4% 

services: 61.3%  

Production in the construction sector 

(compared to baseline 2010=100), 

2016M12 

93 

Employment trend in the construction 

sector (compared to baseline 2010 = 

100), 2016Q3 

111.9 

Building permits (monthly data compared 

to baseline 2010=100), 2016M11 

105.4 

Public Budget  

Revenues (estimate 2016) $56.84 billion 
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Expenditures (estimate 2016) $62.14 billion 

Taxes and other revenues (estimate 

2016) 

30.5% of GDP  

Budget surplus (+) or deficit (-) (estimate 

2015) 

-1.5% of GDP  

Investment of foreign countries (estimate 2012) 

All economic sectors (€) 2137 million euros 

Investment in oil and gas extraction (€) 265 million euros 

Investment in energy distribution (€) 692 million euros 

Construction/ building (€) -23 million Euros 

Real Estate (€) -118 million Euros 

Engineering and Architecture offices (€) 49 million Euros 

As mentioned before, the industry and economy in Romania is growing. Similar like in Bulgaria, the real 

struggle is to keep educated and well-trained work force in the country. The employment trend and the 

production in the construction sector are one of the highest in the region and seem to grow also in the 

coming years. There is many young people in the country but it lacks of training and education schemes, 

which effectively generate the needed workers to help the economy grow; in particular, the new sectors 

of energy efficiency. One of the big problems of Romania are the low wages. In 2011 in Romania, the 

monthly average income after taxation is about €488 per household, from which all living expenses have 

to be covered i.e. food, energy, transport etc. After deducting all necessary living expenditures, there 

remains on average €55 per household available for other expenditures (BPIE 2012-1). Subsidised deep 

renovation schemes can deliver various economic benefits and improve the living quality of many 

Romanians.  

 

Energy / Resources 

Natural resources: 

 

petroleum (reserves declining), timber, natural gas, coal, 

iron ore, salt, arable land, hydropower 

Electricity – production (estimate 2014) 62 billion kWh 

Electricity – consumption (estimate 2014) 48 billion kWh 

Electricity – exports (estimate 2014) 9.9 billion kWh 

Electricity – imports (estimate 2014) 2.8 billion kWh 

Electricity - installed generating capacity 

(estimate 2014) 

8,756 MW 

Electricity sources (estimate 2014) in % 

of installed capacity 

from fossil fuels: 44.3%  

from nuclear fuels: 6.1%  

from hydroelectric plants: 30%  

from other renewable sources: 19.6%  

Crude oil in barrels per day production: 82,650 bbl/day (2015 est.) 

exports: 1,234 bbl/day (2013 est.) 

 imports: 111,200 bbl/day (2013 est.) 

proved reserves: 600 million bbl (1 January 2016 es) 

Refined petroleum products (estimate 

2013) in barrels per day 

production: 216,400 bbl/day  

consumption: 192,000 bbl/day  

products - exports: 79,250 bbl/day 

imports: 50,280 bbl/day  

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2237&term=Electricity%20-%20from%20fossil%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2239&term=Electricity%20-%20from%20nuclear%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2238&term=Electricity%20-%20from%20hydroelectric%20plants
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2240&term=Electricity%20-%20from%20other%20renewable%20sources
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2241&term=Crude%20oil%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2242&term=Crude%20oil%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2243&term=Crude%20oil%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2244&term=Crude%20oil%20-%20proved%20reserves
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2245&term=Refined%20petroleum%20products%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2246&term=Refined%20petroleum%20products%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2247&term=Refined%20petroleum%20products%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2248&term=Refined%20petroleum%20products%20-%20imports
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Natural Gas in m³ (estimate 2015) production: 11.26 billion m³  

consumption: 11.54 billion m³  

exports: 1.078 million m³  

imports: 277.1 million m³  

proved reserves: 105.5 billion m³  

Carbon dioxide emissions from 

consumption of energy (estimate 2013) 

76 million Mt  

 

Dependence on energy imports (all 

sources, gross energy consumption) 

(2015) 

on Gas Imports: 1.8%  

on solid fuel imports: 17.4 %  

on fossil fuel imports: 53.5 %  

all sources, gross energy consumption: 17.4% 

Prices per Kilowatt-hour incl. all taxes in 

€ (2016S1) 

Natural gas price: 0.0332 

Natural gas price (purchasing power standard): 0.0677 

Natural gas price for industry per Kilowatt-hour incl. all 

taxes 2016S1 (€): 0.0344 

Natural gas price for industry per Kilowatt-hour incl. all 

taxes (purchasing power standard) 2016S1: 0.0702 

Electricity price for private customers per Kilowatt-hour 

incl. all taxes (€) 2016S1: 0.1263 

Electricity price for private customers per Kilowatt-hour 

incl. all taxes (purchasing power standard) 2016S1: 

0.2577 

Electricity price for industrial customers per Kilowatt-hour 

incl. all taxes (€) 2016S1: 0.0913 

Electricity price for industrial customers per Kilowatt-hour 

incl. all taxes (purchasing power standard) 2016S1: 

0.1862 

Share of renewable energy on gross final 

energy consumption (2014) 

24.9 % (goal: 24%) 

Solar collectors surface in thousand m² 

(2015) 

144 

Romania has one of the lowest energy import dependency rates of all EmBuild countries. The share of 

renewable energies is one of the highest (hydroelectric plants). Energy efficiency could be a perfect 

carrier to improve these numbers and stabilise the energy independence of Romania for the future. 

However due to subsidies, the low energy, and in particular electricity price (below market price, see 

Figure 32) and the availability of energy can be a barrier that hinders deep renovation measures and 

the modernisation of energy networks and technology. It is necessary that the costs of renovation come 

down and the energy prices move towards the EU average in order to generate an economic 

attractiveness of deeper renovation (BPIE 2014-2). 

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2249&term=Natural%20gas%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2250&term=Natural%20gas%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2251&term=Natural%20gas%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2252&term=Natural%20gas%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2253&term=Natural%20gas%20-%20proved%20reserves
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Figure 32: gas price comparison for households across the EU (Eurostat 2011), (BPIE 2014-1). 

Buildings are mainly heated via three sources: biomass, gas and district heating. Three out of every four 

single family houses have some form of biomass heating system, while over half of multi-family buildings 

(and 18% of all dwellings) are connected to district heating networks. 92% of the energy supplied by 

district heating is supplied by combined heat and power (CHP) systems. Over 50% of the energy 

supplied to district heating systems is natural gas, the rest is charged by oil (26%) and coal (20%). Over 

the last decade, there has been a continuous trend of disconnections from district heating (DH) and 

shifting to individual apartment heating systems on gas. This could be the result of numerous problems 

with old DH systems: low efficiency, high carbon intensity and rising prices (reduced heating subsidies). 

Changing the energy carrier and improvements for district heating efficiency could be solutions for their 

future usage (BPIE 2012-1). 

 

4.6.2 Building and energy related data and policies 

The total number of buildings in Romania is about 5.3 million (2011 Census). 5.1 million are residential 

buildings and 0.2 million are non-residential buildings. Public administration, educational and 

commercial buildings together represent approximately 75% of non-residential energy use. In terms of 

energy performance, educational buildings (354 kWh/m²a) stand out as the highest consumers of 

energy, with other sectors in the range 200-250 kWh/m²a (BPIE 2012-1, BPIE 2014-1). Detached single-

family houses and multi-family blocks of flats represent around 95% of the residential building stock in 

Romania. Office buildings represent around 13% of the non-residential building stock but have 

registered a high rate of construction over the last decade. There are around 81 000 blocks of flats, 

mainly concentrated in urban areas, representing around 2% of the building stock but accounting for 

37% of Romanian dwellings. Approx. 53% of residential buildings are built before 1970 and more than 

90% before 1989 (in terms of m²). The buildings built before 1990 have poor energy performance at 

around 180-400kWh/m2/yr. This is the result of more than 50 years of government policies focusing on 

constructing a maximum of dwellings with minimal investment. A particularity of Romania is the high 

rate of ownership in the residential sector, with more than 97% of the residential dwellings being privately 

owned and mostly inhabited by the owners (BPIE 2012-1). According to the BPIE: “a significant 

proportion of buildings in Romania would benefit from a wider renovation in the building stock in order 

to address building defects, to modernise amenities, to provide a healthier indoor environment and to 

contribute to regeneration of rundown areas.“(BPIE 2014-2) 
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4.6.3 Status Quo: Wider benefits 

Also in Romania, there has been a lot of preliminary studies about wider benefits. It is even one of the 

few countries in the European Union, which tried to quantify the wider benefits of building renovation. 

They also evaluated policy options to address the underlying barriers (BPIE 2014-2). The calculations 

showed, that the total societal benefit could be approaching five times the value of the energy cost 

savings alone. For the most part, these benefits affect to society, rather than the building owner/ investor 

(BPIE 2014-2).  

Environmental benefits: Reduced energy demand minimises the wider environmental impacts of 

energy extraction, production and supply. Energy efficiency is furthermore improving local air quality 

through efficient technology, filters and energy savings.  

Social and Health benefits: derive mainly from the alleviation of fuel poverty and the optimisation of 

indoor air quality and reducing risks of cold homes, particularly for those on low-incomes or for elderly 

householders. 90% of homes have a poor energy performance and fuel poverty is a serious issue in 

Romania. Romania has the second highest number of people at risk of poverty and social exclusion in 

the EU, i.e. around 42% of the entire population. At the same time, around 39% of the Romanian 

population nowadays lives in energy inefficient blocks of flats built up to 1990, almost all of them located 

in urban areas. In the autumn 2013 the Ministry of Regional Development and Tourism started a new 

programme for the refurbishment of old block of flats, including both the envelope and the heating 

system. The programme aimed to refurbish around 65,000 apartments by December 2015. As of March 

2014 the refurbishment of 5,946 dwellings has been approved (BPIE 2014). So finally only 9% of the 

desired renovations were performed. A new wave of deep renovation schemes and raising of awareness 

for the future can help to provide improved homes for the fuel poor.  

Macroeconomic benefits, job creation: Through the promotion of innovative technologies and 

creating market opportunities for new or more efficient technologies and through the provision of certain 

incentives for pilot projects and market transformation. Job creation will be an additional benefit through 

development, manufacturing and implementing of energy efficient technology and construction 

standards. The workforce in Romania is existing but needs extra training schemes and education. These 

new specialists can open further markets and push the energy efficiency economy even more (BPIE 

2012-1).  

Private economic benefits, asset values: Energy savings may outweigh higher investment costs over 

the lifetime of a building. Buildings offer less sensitivity to energy prices and political disturbances for 

private investors. When a building is sold, the high standard can be rewarded through a re-sale price up 

to 30% higher in comparison to standard buildings (BPIE 2012-1). Asset value are particularly important 

in Romania where most of the buildings are privately owned.  

4.6.4 EmBuild specific wider benefits 

Like in Slovenia, the most benefits have been discussed in the official governmental reports, analysed 

in the chapter before. However, a few things should have been added and the selection for upcoming 

analysis and the focus wider benefits of EmBuild should be introduced below.  

Social benefits, well-being, aesthetics and lighthouse effects: The energy efficient modernisation of 

public buildings can have exemplary, lighthouse effect on the broad public. People working in these 

building identify better with the building and have raised awareness for sustainable and energy relevant 

topics. Furthermore, the mental health and well-being can be improved through better indoor comfort, 

which is proven to lead on better cognitive abilities and higher productivity. This can have an outreach 

and serve as inspiration for private companies and even homeowners. Renovated buildings improve 

also the aesthetics of an area and inhabitants or occupants can be proud of the building and connect 

better to their employer.  
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Figure 33: The selected wider benefits for Romania as collected by EmBuild experts and 
insights to the country specific data (own illustration, data: IEA 2014)  

4.7 Croatia 

4.7.1 Country Framework and data 

Croatia is a sovereign state between Central Europe, Southeast Europe, and the Mediterranean. Croatia 

covers 56,594 square kilometers and has diverse, mostly continental and Mediterranean climates. 

Croatia's Adriatic Sea coast contains more than a thousand islands. The country's population is 4.28 

million. Its capital city is Zagreb, which forms one of the country's primary subdivisions, along with its 

twenty counties. The International Monetary Fund classified Croatia as an emerging and developing 

economy, and the World Bank identified it as a high-income economy. Croatia is a member of the 

European Union (EU) (CIA 2017). 

Sources for the following data were, the “CIA-The World Factbook”, the Eurostat database of the 

European Union were chosen. These sources have detailed information about all countries, and most 

important, comparable datasheets. For some specific data and details, different and local sources were 

consulted, which will be marked in the tables.  

To make the data comparable, it was tried to implement only data, which was adapted to an average 

purchase power. When possible, average of all EmBuild countries were calculated and the actual data 

was compared to these averages. If the value is above the average (better), the numbers are marked 

in green. If the values are worse, the numbers are marked in red. However, these marks do not 

necessarily state the potential for energy efficiency measures, but should give a first indication, which 

will then be discussed in the end of each section 
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CROATIA 

 

BASIC Data 

Area   56.594 km² 

Population – 2014 estimate Overall:   4.225.316 

Density:  75 /km²  

GDP (PPP) – 2013 estimate Total  $86,570 billion  

Per capita $20.221 

GDP (nominal) - 2013 estimate Total  $57,371 billion 

Per capita $13.401 

Human Development Index (2014) Increase 0.812, 47th  

 

Demography - Society 

Population - distribution: more of the population lives in the northern half of the 

country, with approximately a quarter of the populace 

residing in and around the capital of Zagreb; many of the 

islands are sparsely populated 

Age structure (estimate 2016):  0-14 years: 14.22%  

15-24 years: 11.4%  
25-54 years: 40.75%  
55-64 years: 14.83%  
65 years and over: 18.81%  

Population growth rate (estimate 2016) -0.5%  

Urbanisation urban population: 59% of total population (2015) 

rate of urbanization: 0.11% annual rate of change (2010-

15 est.) 

Population below poverty line (estimate 

2014) Cut off point = 60 % of median 

equivalised income after social transfers 

19.5%  

 

Persons which face poverty regarding 

public social support in thousand (2015) 

837 

Housing 

Non-regular- housing (2011) 1642 

Overcrowded living spaces (%) on all 

households (2015) 

41.7% 

Average number of persons per 

household (2015) 

2.8 

The share of total population living in a 

dwelling with a leaky roof, moisture in the 

walls, in the floors, in the foundation or 

putrefaction into the window frame or in 

the soil In Percentage (2015) 

10.9 % 
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Share of total population, which has 

whether, a bathtub nor a shower in their 

dwelling 

1.7 

Share of total population, which has no 

private WC in their dwelling (2015) 

2.0 

Health 

Persons who state certain illnesses in 

percent of population (2014) 

Asthma: 3% 

Lower respiratory symptoms and chronic obstructive 

pulmonary disease: 4.2% 

Chronic depression: 5.7% 

Like most of the south-eastern European Countries, Croatia has a decreasing population. Due to the 

financial crisis from 2007, the economy of Croatia was stagnating. The GDP per capita is still below 

average of the EmBuild countries. Since 2015, the economy is growing (+1.6%) (CIA 2017). Croatia has 

a lower share of population below the poverty line than other countries in the region and „only“ 11% of 

population are living in a flat with leaking roof, moisture or damp. The growing stake of elderly is a 

problem in the country, which asks for new solutions regarding the higher vulnerability, especially 

addressing indoor climates. The amount of persons with a higher percentage of respiratory symptoms 

and pulmonary diseases is already higher than in other EmBuild countries.  

 

Environment/ Hazards / Climate 

Environmental Pollution- Current issues  air pollution (from metallurgical plants) and resulting 
acid rain is damaging the forests; 

 coastal pollution from industrial and domestic waste; 
 landmine removal and reconstruction of 

infrastructure consequent to 1992-95 civil strife 

Emissions of CO2 (2011) 20,554 ktons 

Emissions of CO2 per capita (2013) 4.2 tons 

Emissions of Greenhouse gases (2014) Emissions of Greenhouse gases in general: related to 

Index 1990= 100%; 2014: 73.4 % (EU goal: 80%) 

Emissions of Greenhouse gases per capita (tons CO2 

equivalent) 2014: 5.48 

Spending’s to protect clean air and 

climate (2013) 

5.99 

Land use (estimate 2011) 

 

agricultural land: 23.7% 
arable land 16%; permanent crops 1.5%; permanent 
pasture 6.2% 
forest: 34.4% 
other: 41.9%  

Natural hazards destructive earthquakes 

Climate 

Mediterranean and continental; continental climate predominant with hot summers and cold winters; 

mild winters, dry summers along coast 

Overall, the country has lower greenhouse and CO2 emissions per capita than the average within the 

EmBuild framework. 60% of the population lives in urban areas and here, air pollution is a growing issue. 

In particular away from the coast, hot summers and cold winters have negative health impacts on the 

vulnerable part of the population. Due to the long coastline and multiple islands, Croatia faces issues 

with water pollution from industry and domestic waste.  
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Economy 

Employment 

Labour force (estimate 2016 ) 1.61 million  

Labour force - by occupation (estimate 

2014) 

agriculture: 1.9% 
industry: 27.6% 
services: 70.4%  

Unemployment rate (estimate 2016) 15.8% 

Unemployment, youth ages 15-24 

(estimate 2014) 

 

45.5% 

Income and Production (Construction and Building) 

GDP - per capita (PPP) (estimate 2016) $22,400 

GDP - composition, by end use (estimate 

2016) 

household consumption: 59.1% 
government consumption: 19.3% 
investment in fixed capital: 19.1% 
investment in inventories: -0.4% 
exports of goods and services: 50.8% 
imports of goods and services: -47.9% 

GDP - composition, by sector of origin 

(estimate 2016) 

agriculture: 4.2% 
industry: 26.6% 
services: 69.2%  

Production in the construction sector 

yearly change (2016 to 2015) 

-2.4 

Employment trend in the construction 

sector (compared to baseline 2010 = 

100), 2016Q3 

75.7 

Building permits yearly change (2016 to 

2015) 

8.5 

Public Budget 

Revenues (estimate 2016) $21.47 billion 

Expenditures (estimate 2016) $22.72 billion 

Taxes and other revenues (estimate 

2016) 

43.1% of GDP  

Investment of foreign countries (estimate 2012) 

All economic sectors (€) 1057 million euros 

Investment in oil and gas extraction (€) 67 million euros 
 

Investment in energy distribution (€) 6 million euros 
 

Construction/ building (€) 110 million Euros  
 

Real Estate (€) 40 million Euros 
 

Engineering and Architecture offices (€) 8 million Euros 

Croatia faces a high unemployment rate. Almost the half of population under 24 years is unemployed. 

In particular, the construction sector has seen a major decline after its activity peaked in 2008. The 

activity decline in building-related construction activities has been greater than in other construction 

activities. Between the end of 2008 and the end of 2013, the number of construction industry jobs shrank 

by almost 31 000 (around 30%). Of the total decrease in the number of employees in the entire economy 
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construction companies account for 26% (Republic of Croatia 2014). Investments in a renovation 

strategy and the implementation of energy efficiency measures can be the necessary booster for the 

construction sector. However, the building construction sector has to tackle various challenges related 

deep renovation which are amongst others:  

 Lack of qualified building sector workers in energy efficient retrofitting and construction 
 Lack of institutional specialized education schemes 
 Weak market demand for low-energy buildings 
 Lack of national discussion among the relevant stakeholders on the needs and possibilities 

about building sector workers (Pecur 2012) 

 

Energy / Resources 

Natural resources: 

 

oil, some coal, bauxite, low-grade iron ore, calcium, 

gypsum, natural asphalt, silica, mica, clays, salt, 

hydropower 

Electricity – production (estimate 2014) 13 billion kWh 

Electricity – consumption (estimate 2014) 16.97 billion kWh 

Electricity – exports (estimate 2014) 2.866 billion kWh 

Electricity – imports (estimate 2014) 6.592 billion kWh 

Electricity - installed generating capacity 

(estimate 2014) 

4.4 million kW 

Electricity sources (estimate 2013) in % 

of installed capacity 

from fossil fuels: 37.1% 

from nuclear fuels: 7.7% of total installed capacity  

from hydroelectric plants: 48.5%  

from other renewable sources: 6.6%  

Crude oil (estimate 2014) in barrels per 

day 

production: 12,420 bbl/day  

exports: 0 bbl/day  

imports: 37,300 bbl/day  

proved reserves: 71 million bbl (1 January 2016 es) 

Refined petroleum products (estimate 

2014) in barrels per day 

production: 56,650 bbl/day  

consumption: 70,000 bbl/day  

exports: 29,060 bbl/day  

imports: 32,890 bbl/day (2014 est.) 

Natural Gas in m³ (estimate 2014) production: 1.363 billion m³  

consumption: 2.81 billion m³  

exports: 422 million m³  

imports: 1.089 billion m³  

proved reserves: 24.92 billion m³ (1 January 2016 es) 

Carbon dioxide emissions from 

consumption of energy (estimate 2013) 

19 million Mt  

Dependence on energy imports (all 

sources, gross energy consumption) 

(2014) 

43.8% 

Prices per Kilowatt-hour incl. all taxes in 

€ (2016S1) 

Natural gas price: 0.0428 

Natural gas price (purchasing power standard): 0.0683 

Natural gas price for industry: 0.0409 

https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2237&term=Electricity%20-%20from%20fossil%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2239&term=Electricity%20-%20from%20nuclear%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2238&term=Electricity%20-%20from%20hydroelectric%20plants
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2240&term=Electricity%20-%20from%20other%20renewable%20sources
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2241&term=Crude%20oil%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2242&term=Crude%20oil%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2243&term=Crude%20oil%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2244&term=Crude%20oil%20-%20proved%20reserves
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2245&term=Refined%20petroleum%20products%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2246&term=Refined%20petroleum%20products%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2247&term=Refined%20petroleum%20products%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2248&term=Refined%20petroleum%20products%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2249&term=Natural%20gas%20-%20production
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2250&term=Natural%20gas%20-%20consumption
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2251&term=Natural%20gas%20-%20exports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2252&term=Natural%20gas%20-%20imports
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2253&term=Natural%20gas%20-%20proved%20reserves
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Natural gas price for industry (purchasing power 

standard) : 0.0652 

Electricity price for private customers: 0.1311 

Electricity price for private customers (purchasing power 

standard): 0.2089 

Electricity price for industrial customers: 0.1129 

Electricity price for industrial customers (purchasing 

power standard): 0.1799 

Share of renewable energy on gross final 

energy consumption (2014) 

27.9 % (goal: 20%) 

Solar collectors surface in thousand m² 

(2015) 

183 

Croatia is relatively rich of natural resources. Coal, oil and in particular hydropower are used to create 

heat and electricity. There is also electricity production through a nuclear power plant in Slovenia, which 

is a joint project of both countries (CIA 2017). The share of renewable energy is one of the highest of all 

EmBuild countries. 28% of energy production is generated from renewable sources, mainly hydropower 

but also wind and solar energy. Croatia is moderately dependent on energy imports and is within the 

average  

 

4.7.2 Building and energy related data and policies 

Croatia's total building stock has an area of 192.5 mil. M². Figure 34 shows an overview over the 

Croatian non-residential building stock. It shows the Croatian buildings separated in commercial and 

public buildings and sorted by sear of construction, number and m² floor space.  

 

 

Figure 34: Croatian non-residential building stock by year of construction (Republic of Croatia 
2014) 

Figure 35, is listing the residential building stock by the same criteria as the non-residential one.  

 

Figure 35: Croatian non-residential building stock by year of construction (Republic of Croatia 
2014) 



  

97 

 

 

In order to heat their homes Croatians use a wider mix of fuels. The following heating sources are 

currently in use: 

 fuel oil 
 liquefied petroleum gas 
 timber (chopped woods) 
 chips, pellets, briquettes 
 electricity 
 natural gas 
 solar energy, geothermal energy etc. 

Because of uneven gas and hot water distribution network development in the territory of Croatia, fuel 

oil continued to be largely used for heating, thus resulting in dominant role of liquid fuel consumption in 

total energy for energy transformation. Since 2005, more and more modern, advanced systems and 

energy-efficient technologies (low-temperature district heating etc.) are implemented.  

Since the start of a holistic renovation program, the renovation rate has grown steadily and is to reach 

3% and therefore is outnumbering a lot of other countries in the European Union (Republic of Croatia 

2014). 

4.7.3 Status Quo: Wider benefits 

The Republic of Croatia conducted a comprehensive study on wider benefits. They selected various 

topic, which could be applied in the countries context. Below we listed some of them, before in the next 

chapter, the EmBuild relevant ones are selected and a few new aspects are added.  

Quantifiable direct public benefits for Croatia:  

 stabilisation and increase in the economic activity 
 employment 
 increase in public (budget) revenues; 
 improved human health 
 reduced energy poverty; 
 increase in real estate value. 

More, detailed information was provided for indirect, complex and second impact benefits. They 

comprise of:  

Effects of employment on poverty reduction: sustainable building renovation reduces energy poverty 

due to reduced energy costs. In addition, it will reduce energy and general poverty through employment 

of younger and less educated people in construction and other economic activities. 

Public budget benefits: The public budget profits through Improved human health and related reduced 

budget expenditures: stay in the rooms of inadequate temperature and humidity has a negative effect 

on human health and increases expenditures of the public health system. This will be improved through 

deep renovation measures. Another effect on public budgets is the increase on fiscal stability: a 

correlation of decreased budget expenditures due to improved human health and increased budget 

revenues due to GDP and employment growth creates conditions for reducing the fiscal deficit and tax 

burden.  

Improved macroeconomy and Asset values: the employment trend in all construction segments in 

Croatia remains on a decline, so any programme aimed at improving this situation might produce a very 

positive effect on the sector and economy as a whole. The renovation activity declined much less strong 

than all averages, showing a pronounced stabilisation potential. The Overemphasising of new-builds 

while neglecting renovations has led to a decrease of building prices in Croatia. When demand for and 

investment in new-builds stopped prices slumped. This was even more pronounced with older properties 

that have been under maintained. Investment into building renovation will also account of smaller price 

fluctuations and a higher value of renovated properties in the future.  

The increase in real estate value through energy efficient modernisations will induce an increase on 

consumption, GDP and employment growth: amongst other things, this occur because people are 

proven to be more relaxed and prone to spending, and even borrowing, when the prices of assets in 

their possession grow. Furthermore saved energy cost releases more disposable income.  
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Deep renovation can lead to an increased financial stability: a higher share of renovations in construction 

activities reduces fluctuations of the construction and overall business cycle and of real estate prices. 

Officially conducted financial incentive schemes associated with funding programmes for building 

renovation increase the protection of consumers of financial products and services, and 

preventmisunderstanding of financial contracts, excessive financial fluctuations etc. 

Economy / Job Creation: and increased GDP: The Croatian government identified two main effects, 

which show the direct link of energy efficiency measures and job creation: 

 direct job creation in the construction sector, which depends on the employment response to new 
investment in the construction sector; 

 indirect multiplication, enabling further job creation in the economy as a whole, which depends on 
induced GDP growth and the employment response in the construction sector as a whole. 

The change in the number of construction sector employees in relation to investments has been 

estimated to stand at 0.4. Thus, a 10% nominal increase in investment in the building segment leads to 

an increase in the number of jobs by 4%. 

The programme of integral building renovation in the initial period up to 2020 will lead to an increase in 

GDP of between 2.1% and 3.6%, depending on the achieved investment multiplier (1.2 or 2). 

Social, Occupant and Aesthetical, Tourism benefits: Energy efficiency improvements can lead to an 

increased quality of life: improved indoor comfort and better indoor air quality reduces stress and overall 

physical illnesses like asthma. Beauty and good condition and/or maintenance of the architecture is an 

important factor of subjective satisfaction with life in cities and towns, positively affecting people's 

behaviour. The improvement in the perception of buildings has also positive effects on tourism 

development. Croatia is the 17th most visited country in the world. Renovated buildings, especially their 

façades, can have a positive effect on attracting and a return of tourists to bigger towns and cities. Along 

the Adriatic coast, building renovation in tourist centres can lead to increased attractiveness and/or 

objective quality growth. 

Energy Poverty: A total of 16.2% of Croatian households spends significantly more than 10% of the 

total personal consumption expenditure on energy (electricity, gas and solid fuels). This represents 3.5% 

of the total number of households. On average, they spend around 16.4% of the total expenditures on 

energy. These households have an above average share of older members (share of members over 65 

three times higher than in households of the highest consumer class). Such households usually live in 

family houses (more than 90%). Approximately the same percentage have no heating installations, 

which means that they predominantly use solid fuels for heating. Integral renovation of the national 

building stock needs to include special measures and models to encourage energy renovation for these 

households with a lower disposable income. This becomes severe as if the relative energy price is 

growing over the next years. 

Public Budget: The share of current general government revenues in GDP in Croatia over a long 

number of years has varied between 37.5% and 40% of GDP. Increased economic activity induced by 

energy efficiency and deep renovation measures by the 2014–2019 period could lead to growth in 

general government revenues of between 0.8% and 1.4%, compared to the 2013 GDP. Required 

investments in the programme of integral building renovation will not be possible without incentives. A 

part of incentives in the initial years of the programme may be co-financed from EU funds, while growth 

of the relative price of energy over a long term will trigger market incentives to private investments by 

energy end-users( Republic of Croatia 2014).  

Structural effects: The programme of integral building renovation will also have two important structural 

effects: 

 The effect on productivity will be immediately positive thanks to energy savings, which is usually not 
the case in government investment whose returns and effects on productivity are very long-term and 
hard to predict. 

 Steady market growth will stimulate stronger competition and amalgamations in the construction 
sector, as well as the acquisition of specific routines and skills related to the energy renovation, and 
that in turn will affect sectoral productivity and efficiency of the use of resources with positive end-
benefits for consumers (Republic of Croatia 2014) 
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4.7.4 EmBuild specific wider benefits 

Since the reports of the Republic of Croatia are very profound and the list of wider benefits is very 

comprehensive, figure 36 will show the final selection of wider benefits, which will be focused on in the 

next steps of the EmBuild project.  

 

 

 

Figure 36: The selected wider benefits for Croatia as collected by EmBuild experts and insights 
to the country specific data (own illustration, data: IEA 2014)  

5 Additional aspects of wider benefits  

Concluding the report, a short excursion for the next steps of Work Package 6 will be given. This study 

serves as a basic data report. A major part of the upcoming investigations is the modelling of a decision 

making network which incorporates wider benefits and the various technologies of energy efficiency 

measures. Therefore, various case studies on technical solutions and their influence on the society will 

be explored. The connection with direct energy saving estimation will be developed. Existing instruments 

and tools to evaluate wider benefits will be further analysed and improved. Finally, the findings and 

guidelines will be adapted to the specific policy and decision-making processes and frameworks of the 

EmBuild countries.  

The work will be edged by two communication pieces, an information leaflet on wider benefits in general 

and specific guidelines for each country with proven, clear illustrations and convincing numbers, to be 

used directly in political processes and public authorities.  
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5.1 The technical point of view- wider benefits of specific technical solutions 

So far, this report introduced wider benefits related to the problems, opportunities and specific 

characteristics of the EmBuild countries. However, there is also a technical point of view on how to 

estimate the effect of energy efficiency measures on the society. The following example will highlight an 

approach, which will be investigated in much deeper detail in the Deliverable 6.3. Based on case studies 

we want to estimate and quantify the wider benefits of certain technologies and measures. A typical 

hypothesis could be what kind of wider benefits are induced by the exchange of windows, or what are 

the effects of two different façade technologies on the energy savings and the related wider benefits 

(see example below). 

We analysed the co-benefits of these two different facade renovation techniques for multi-family houses 

and applied the effects on the German building stock. 

The aim of this study was to quantify some of the co-benefits for different stakeholders in the 

refurbishment sector in Germany. The focus was placed on two different façade renovation techniques, 

a conventional and prefabricated one, for multi-family houses of the existing building stock. Four main 

co-benefits could be discerned, energy cost savings, employment, increased comfort and less air 

pollution, from which the first three were quantified in this study. 

By trying to include the different stakeholders into the approach, it became clear that there is a lack of 

information on this topic. The study clusters the co-benefits for each stakeholder based on an own 

assessment. One first conclusion is that further research is needed in this field, in order to include the 

stakeholders into the methodology. Thereby the different stakeholders could be addressed directly by 

calculating the different co-benefits for each specific stakeholder individually. This would make it 

possible to give stakeholder-tailored arguments for refurbishment based on the quantification of co-

benefits. 

First of all, the analysis proved that if the façades of the German multi-family building stock are renovated 

with an u-vales of 0,14 W/(m²K) high energy savings and CO2 emission reductions can be achieved: 

The conventional system (ETICS) reduces 84 million MWh and 22,8 million tCO2eq each year. The 

prefabricated innovative system (TES Energy Façade) reaches even 92,5 million MWh and 25 million 

tCO2eq. This means that a reduction of nearly 65 % of the energy consumed and carbon emitted for 

heating by the German multi-family building stock can be achieved. The different numbers between the 

two options result from different limitations on the building stock. By choosing other materials for the 

ETICS, the façade renovation options could be compared for the same building stock, which could lead 

to better comparable results in further calculations. 

Second, both considered façade renovation techniques have positive employment effect on the 

construction sector by looking at the direct working hours. The TES Energy Façade system creates 

slightly more working hours as the ETICS. This is because in the working hours for the TES Energy 

Façade also other components of renovating a building, like the pipes and filters for the ventilation 

system as well as shading devices, are added. Those parameters are difficult to include in the 

calculations for the ETICS façade. In order to have more accurate numbers, same methods and sources 

for data should be used for the two renovation options. Furthermore, the TES Energy Façade system is 

still in a developing stage. The ETICS system already exists since the 1960s and its technology has 

been further developed since then (Kloth, 2016). Therefore the whole process has already been 

optimised and consequently also the working hours. 

The analysis of the energy cost savings shows that a large amount of expenses can be saved. By 

looking only at the energy prices of today up to 6368 million €/a with the TES Energy Façade and 5794 

million €/a with the ETICS system can be saved for the multi-family building stock in Germany. By 

integrating the increase of the energy prices in the upcoming years, even more costs will be saved. In 

future researches also the changes for the heating systems as well as a yearly renovation rate can be 

integrated into the calculations for a better forecast for the future. 

At last the increased comfort was estimated. The comparison between the percentages of people that 

are dissatisfied in the given indoor environment before and after the renovations proved that over 2 

million people would feel more comfortable. Since the PPD index is based on individual estimations, 
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there will always be an uncertainty to the accuracy to the number. Nevertheless, it gives a rough insight 

regarding how many people might be affected by the changes of the façade, which can help 

stakeholders for decision making. 

 

Figure 37: Analysed co-benefits of the two different façade renovation techniques (Dahmen 
2017) 

The results show that by implementing both façade renovation techniques many co-benefits emerge. 

Thereby it confirms the relevance of the co-benefits in the final evaluations, proving that they should 

support decision-making in the renovation sector. Through that, the present rehabilitation rate could 

increase since better incentives for homeowners and other stakeholders to invest in energy-efficient 

renovation are given. In order to even expand the impacts of co-benefits a similar approach to other co-

benefits should be applied in future research (Dahmen 2017). 

 

5.2 The rebound effect 

One side effect of energy efficiency measures, which applies not only on building renovation but also 

on energy efficient utilities, is the rebound effect.  

The idea is based on the irrational behaviour of human beings. In a fixed framework of, for example, a 

certain amount of money that an occupant of a dwelling is able to spend on his energy consumption 

(see blue frame in Figure 38), energy efficiency measures can significantly lower the amount of energy 

and consequential the money he needs to spend for energy utilities. Thus, there is finally extra space in 

the financial framework, which was created due to energy efficiency measures - the occupant has money 

left. What happens now is considered a rebound effect. The occupant is likely to use the available money 

to use more utilities or to heat the dwelling to higher temperatures. In the end the efficiency interventions 

could be counter‐ balanced by increased consumption and expenditures (see the lower two boxes of 

Figure 38) 
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Figure 38: the rebound effect of efficiency measures (source: Wuppertal Institute)  

Normally considered as a negative effect, which lowers and undermines the energy-savings of a certain 

measure, within the co-benefits schemes it can have also positive connotations. In the macroeconomic 

and holistic field of multiple benefits, the rebound effect can represent a trade‐ off between welfare gains 

and the reduced potential for energy savings. If additional resources, which were saved through energy 

efficiency measures, can be spent in new products or in additional investments, which for example 

increase the productivity of an industry, it can have a positive effect on the whole society. It is important 

for policy-makers no to demonise the rebound effect, but to highlight the wider benefits and economic 

advantages which it can imply in the light of broader national priorities. The IEA even states: “When 

viewed in this context, some of the rebound or take‐ back effects may represent desirable welfare gains 

that cater to other high priorities for governments. The discussion of the rebound effect versus the 

welfare gains from energy efficiency illustrates the need for better evaluation of the outcomes from 

energy efficiency measures.” (Ryan et al 2012). 

 

5.3 Role and modelling of energy savings and energy saving expectations 

As a short outlook the basic idea behind the structure of how to model energy savings and energy saving 

expectations should be given. Based on the EMMI- Model, development by the centre for sustainable 

building at the Technical University Munich the different steps and layers of how to estimate building 

renovation and related energy savings for a certain area are illustrated in Figure 39.  
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Analysis of status quo:  

 

Modelling and estimation of future development:  

 

 

Figure 39: The modelling concept of the EMMI model in order to estimate building renovation 
and related energy savings (Nemeth 2012) 

5.4 Modelling and weighting of wider benefits on country, decision-making scale and 
energy savings 

For the modelling of wider benefits a so-called Bayesian Network or influence network was chosen and 

will be established in Task 6.3. These decision-making networks allow creating causal relations and 

giving weightings to different nodes and events. Thus, if some wider benefits are more important for one 

specific country the network can be adapted easily.  

Bayesian networks (also called belief networks, Bayesian belief networks, causal probabilistic networks, 

or causal networks) are acyclic directed graphs in which nodes represent random variables and arcs 

represent direct probabilistic dependences among them. Each node is described by a probability 

distribution conditional on its direct predecessors. The structure of a Bayesian network is a graphical, 

qualitative illustration of the interactions among the set of variables that it models. Bayesian network 

also represents the quantitative relationships among the modelled variables. Numerically, it represents 

the joint probability distribution among them. As an example, see Figure 40. The “Umbrella” in this 

example would be certain energy efficiency measures, the weather would symbolise the specifications 

of a country. The U is the so-called utility, which shows the benefits of a decision (like energy efficiency 

measures). Both nodes are filled with distributed data from observations and knowledge and specific 

data. The initial status provides all nodes with statistical data and related probabilities, like the 
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estimations on how big the benefits of façade renovations are for a certain country. The advantage of 

Bayesian networks is, that if my basic information changes, like I know with evidence what effect a 

certain energy efficiency measure implies, the network calculates the related probabilities itself and 

updates the graphs accordingly (Bayesfusion 2016).  

 

Figure 40: Example of a Bayesian Decision Network (source: Cs188AI Wiki) 

The modelled wider benefit network will be a so-called influence network. This is an extended Bayesian 

Network. Influence diagrams contain four types of nodes (Decision, Chance, Deterministic and Value) 

and two types of arcs (influences and informational arcs). Chance nodes are random variables and they 

represent uncertain quantities that are relevant to the decision problem. They are quantified by 

conditional probability distributions. Deterministic nodes represent either constant values or values that 

are algebraically determined from the states of their parents. Value nodes represent utility, for instance 

a measure of desirability of the outcomes of the decision process. They are quantified by the utility of 

each of the possible combinations of outcomes of the parent nodes (Bayesfusion 2016). 
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