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1 Introduction 

Regardless the effort devoted to develop technically better and cheaper solutions for the 
energy retrofit of residential buildings, the stagnating European economy poses extreme 
challenges to their widespread utilisation, due to the initial investment costs constituting a 
prohibitive barrier to single private customers.  

Currently in many European member states, public spending to support the development of 
energy efficiency actions has to be optimised due to the limited capacity. 

On the contrary, private finance is available by international and local investors (international 
banks, pension funds, local banks, crowdfunding, public-private partnership, etc.), but small 
scale energy projects or investments in new technologies are not attractive enough, due to 
either perceived high risks, to low revenue rates and lack of governance.  

For this reason, along the BuildHeat project elaboration, the financial mechanisms that are 
more adequate to support the renovation process are assessed, and innovative mechanisms 
are designed to explore investment synergies among single customers, private investment 
funds and relevant EU and national public investment funds. 

 

The activity leading to this document has been dedicated to the review of the openly available 
literature, preparing the necessary information for the financial models to be developed, by 
addressing the peculiarities of different European construction markets. 

Initially the European social framework analysis is addressed. An important aspect when 
tackling the energy renovation of a building is represented by the interest and financial capacity 
of building owners to implement the identified energy efficiency actions. 

Secondly, legislation and technical norms are taken into consideration. Beyond a preliminary 
analysis to check the compliancy of the proposed renovation technologies with the current 
regulation frameworks, opportunities have been explored in order to maximise the exploitation 
of the advantages, together with the barriers that could prevent their adoption. 

The social and economic framework is generally tackled for the EU-28 area looking into GDP, 
real estate market, private/public investors’ availability and leaning to invest in the market, local 
incentives, and customers’ habits in terms of both investment behaviours and perception of 
energy efficiency. 

A special focus is posed on the six largest member states -in terms of number of citizens-, 
looking into regulations, building stock status, incentives, customers’ availability to invest and 
best practices. This information covers a large set of different conditions and about 80% of the 
European population. 
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2 The analysis of the social context  

The first part of the document aims to provide an overview on the residential building stock in 
the EU-28. 

The aim is to describe the main features of the building stock, including information on the 
energy uses. The work is completed by a description of the market trends and investment 
behaviours/opportunities of the EU citizens. 

After a short overview of the overall situation in Europe, the document details the situation in 
the six most populous Member States. 

 

Presently, the building stock in EU accounts for approximately 17.6 billion square meters of 
residential floor area; around 86% of which requires energy for space heating. The energy 
demand is mainly (but not only) related to the construction year, since statistically thermal 
transmittance changes accordingly to this parameter. Old buildings (i.e. built before 1970) 
typically suffer of scarce thermal insulation, while newest ones are built with strong awareness 
of energy saving, so they are built using material with a higher thermal insulation to reduce 
energy consumption for space heating.  

The location of the building is affecting the latter parameter to a lower extent, since, generally 
speaking, better insulation solutions are used in colder locations. 

Figure 1 shows that average energy consumption for space heating in Europe varies in a range 
of 25 to 220 kWh/m2/year. Figure 2 shows the consumption for Domestic Hot Water (DHW), 
which represents another key issues of the residential energy demand. In this case, values 
range from 10 to 60 kWh/m2/year, with similar variations between the countries as in the case 
of space heating. 

Figure 3 shows the classification of the residential building stock in the EU countries 
accordingly to the construction year. On average, almost 50% of the current building stock in 
EU was built before energy crisis in 1970, where awareness in energy saving was not one of 
the main drivers in the construction sector. On the other hand, 40% of the residential buildings 
was built in the period 1970-2000, with an energy consumption still relatively high. Only 10% 
of the building stock was built after 2000, when energy saving could be considered a priority.  

 

Figure 1 – Average consumption of residential building for space heating [iNSPiRe] 
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Figure 2 – Average energy consumption of residential buildings for domestic hot water (DHW) [iNSPiRe] 

 

Figure 3 – Age distribution of the residential building stock in EU [EU building database, 
http://ec.europa.eu/energy/en/eu-buildings-database] 

The distribution of the Energy Performance Certificates (EPC) in EU countries provides 
another useful input to understand the potential market for renovation. EPC is a valuable 
information tool for owners, occupiers and real estate actors, as the certificates must be issued 
when a new building or single residential units constructed, sold or rented to a new tenant. The 
EPC contains a synthetic indicator which enables the comparison of the energy performance 
(i.e. the consumption) of a building or residential unit with respect to reference values. 
Reference values change at different latitude of a given country to properly take into account 
the different climatic conditions. The final value is a letter in ascending order from A to E, with 
A representing a residential unit with the highest energy performance. 

Figure 4 shows that, across some EU countries, the majority of residential buildings and units 
are built in class E or D, remarking a great potential for the renovation and energy retrofitting 
market of the current building stock. 
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Figure 4 – EPC of residential buildings and units for some EU countries [EU building database, 
http://ec.europa.eu/energy/en/eu-buildings-database] 

High energy consumptions has also a relevant impact form the economic point of view on 
owners and tenants. The evaluation of the energy costs can be useful to better understand this 
impact.  

Presently, the electricity price charged to households can widely vary in the different EU 
countries, from 0.1 €/kWh in Bulgaria (mainly due to a reduced taxation applied to the energy 
price) to 0.3 €/kWh in Germany (see Figure 5). Similarly, high variations are experienced in 
the price of natural gas for household applications, starting from 0.033 €/kWh in Romania to 
0.11 €/kWh in Sweden (see Figure 6). 

 

 

Figure 5 – Electricity price for household users in different EU countries (including taxes and VAT) [EU 
building database, http://ec.europa.eu/energy/en/eu-buildings-database]. 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

€/
kW

h



 

 

www.BuildHEAT.eu  Page 5 of 128 

 

Figure 6 – Natural gas price for household users in different EU countries (including taxes and VAT) [EU 
building database, http://ec.europa.eu/energy/en/eu-buildings-database]. 

The final cost to cover the energy needs in residential buildings is thus quite relevant. Figure 
7 shows that household expenditure incurred by homeowners or tenants for space heating, 
space cooling and electricity are almost one third of the total cost across all the EU countries. 
So, end-users can benefit of a significant cost saving if energy efficiency solutions are adopted 
as well as energy retrofit works are performed. 

 

Figure 7 – Breakdown of household costs in different EU countries [EU building database, 
http://ec.europa.eu/energy/en/eu-buildings-database]. 
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Even if there is such a great potential, the market of energy retrofit for building is strongly 
influenced by other factors that prevent a widespread adoption of energy efficiency solutions. 
For example, building typology and ownership of residential units are two key issues to deal 
with when evaluating renovation action for a building. 

Residential buildings can be divided into two main categories: single-family and multi-family 
houses. Single-family residential units, typically with a single owner, usually have a more 
flexible decision making process to manage and perform the energy retrofit of the building, 
since the costs and benefits are evaluated by the same single person. 

On the other hand, multi-family houses, present two different kinds of ownership. In the first 
option a single owner of the whole building rents the dwellings to tenants, resulting in a 
configuration similar to single-family houses. The second option is a bit more complicated as 
there is a different owner for each dwelling with a resulting dispersed decision-making process 
that involves a large number of subjects who have to find an agreement on the kind of works 
to be performed. Additional issues could occur if a unit in a single- or multi-family house is 
occupied by a tenant which, under certain circumstances, should be involved in the decision-
making process. These factors must be fully considered and studied when evaluating 
innovative approaches in the energy efficiency market for residential buildings. 

Figure 8 shows that the distribution of single- and multi-family units, within the residential 
typology, greatly changes across EU countries. For instance, UK, Ireland and Belgium have a 
share of single-family buildings in the range of 80% to 90% of all residential buildings 
respectively. Conversely, Italy, Spain, Slovenia, Lithuania and Estonia have a share of multi-
family houses over 60% of the residential buildings.  

 

Figure 8 – Building typologies distribution in EU  [EU building database, http://ec.europa.eu/energy/en/eu-
buildings-database]. 

Similarly, the ownership of residential buildings changes across EU countries. Generally 
speaking, most of the dwellings are occupied by the dwelling owner. On the contrary, in some 
countries, like Germany, private renters occupy almost 60% of the residential building stock, 
as shown in Figure 9. Owners who live in their own dwelling are usually keener to perform an 
energy retrofit on the building, as they could directly benefit from the energy savings. In case 
of tenants, it is not so straightforward how to share the economic benefit of savings between 
owner and tenant. Furthermore, landlords can be interested as the reduced consumption and 
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the corresponding improvement in the EPC classification can result in an increase of the 
property value. 

 

Figure 9 – Breakdown of dwellings by ownership and tenure in EU [EU building database, 
http://ec.europa.eu/energy/en/eu-buildings-database]. 

Another key factor in the analysis of the building renovation market is the capital cost needed 
to retrofit either a single- or a multi-family house. A preliminary economic analysis was recently 
performed by the Buildings Performance Institute Europe (BPIE), in order to define the possible 
expenditure for energy retrofit in residential buildings. 

 

Table 1 – Average energy savings and costs in EU for different renovation type [BPIE - EUROPE’S 
BUILDINGS UNDER THE MICROSCOPE] 

Renovation Type 
Final energy saving 
(% reduction) 

Average total 
project cost (€/m2) 

Minor 0-30 % 60 

Moderate 30-60 % 140 

Deep 60-90 % 330 

nZEB 90% 580 

 

As reported in Table 1, minor renovation actions with lower average capital costs (in the order 
of 60 €/m2) could have a reduced impact in terms of energy savings (lower than 30%). On the 
other hand, a deep retrofit action has a significantly higher investment cost (in the order of 330 
€/m2), but the corresponding energy saving can also be much more attractive (up to 90%). 
Investment capital cost incurred for a building renovation is also related to the surface of the 
unit. 

Figure 10 highlights that the average size of dwellings in EU is close to 70 m2 for multi-family 
buildings, while it is close to 100 m2 for single-family buildings, which allows calculating the 
overall dwelling costs related to the retrofit of one dwelling / building. 
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Figure 10 – Average size of dwellings in single- and multi-family buildings [EU building database, 
http://ec.europa.eu/energy/en/eu-buildings-database]. 

 

From the economic and financial point of view, the effectiveness of each energy efficiency 
action (i.e. the savings when adopting a specific solution) must be compared to the 
corresponding capital cost to identify the optimal trade-off. The breakeven, usually represented 
by a payback time reasonable for the investor, can vary across EU countries, depending on 
local energy demand and costs. Currently, the economic conditions are not fully favourable to 
ensure a suitable payback time for the investment, even though national incentive are adopted 
to support energy retrofitting in residential buildings. Consequently, the retrofit rate over 
Europe is relatively limited, as shown in Figure 11. 

The graph shows that in Europe the average renovation rate is close to 1%/year, with 
significant differences between the countries. The highest rate is experienced in Norway 
(2.5%/year), but in the EU-28 the highest peak is in France (2%/year). Values are far from the 
3%/year goal that each EU country should reach according to the EU Directive on Energy 
Efficiency1. The introduction of innovative financial mechanisms to reduce risks of energy 
efficiency projects allowing at the same time cost-effective building retrofitting is prospected 
within the same Directive, in order to boost the renovation market and to reach the expected 
yearly rate at national level. 

In this context, the building renovation is strictly related to many factors which can potentially 
influence the investment behaviour of the households and the end-user decision for investing 
in energy retrofit. First of all, the household consumers are certainly influenced by the general 
macro-economic condition which can affect the incomes [ECB, Savings and investment 
behaviour in the euro area. Occasional Paper Series, 2016]. In fact, households modified 
decisions according to the recent economic crisis in 2008. 

The main result related to a strong reduction of the gross family income was the reduction of 
the consumption and a consequent increase of the saving rates in most of the EU countries 
due to precautionary reasons, in addition to an increased uncertainty for the future macro-
economic conditions.  

                                                

1 Directive 2012/27/EU of the European Parliament and the Council of October 25th, 2012 on energy efficiency. 
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Figure 11 – Renovation rate of existing residential buildings in some EU countries [EU building database, 
http://ec.europa.eu/energy/en/eu-buildings-database]. 

 

 

Figure 12 - Household saving rate, consumer confidence and macro-economic uncertainty in EU [ECB, 
Savings and investment behaviour in the euro area. Occasional Paper Series, 2016]. 

Right after the 2008 crisis, the gross income growth and consequently the consumption, but 
the rate of savings decreased with a possible erosion of the household’ wealth. More recently, 
the general quite positive perception of the macro-economic condition in EU reflects an 
increase in the consumption and a decrease in saving, even if possible divergences can be 
found by different EU countries2. The following sections offer an insight into the state of the art 
in the abovementioned six large member states. 

                                                

2 https://data.oecd.org/hha/household-debt.htm#indicator-chart 
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Figure 13 – Gross disposable income and breakdown by end-use [ECB, Savings and investment 
behaviour in the euro area. Occasional Paper Series, 2016]. 

2.1 France 

2.1.1 Building stock 

The residential building stock in France accounts for a useful surface of about 3096 km2. In 
this context (see Figure 14), around 26% of the total surface was built before the 1945, about 
one fifth was constructed within the period 1945-1969 and another one fifth in the period 1970-
1979, 15% was built in the ’80s, while around 8% and 12% was recently built after 1990 and 
after 2000, respectively. Consequently, even if the rate of the construction sector is 
substantially unvaried from 1945 to 1990, a slight decrease can be observed in the period 
1990-2000, which is followed by a new upturn after 2000.  

 

 

Figure 14 - Breakdown of French building stock by age [EU building database]. 
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Figure 15 highlights instead as around the 76.4% of the whole national buildings are 
residential, where 52.3% of them are formed by single-family households while the remaining 
24.1% is formed by multi-family blocks. Moreover, around 60% of the dwellings are already 
occupied by the households’ owners, while 20% is occupied by tenants. In this context, the 
implementation of the energy retrofit action in buildings at national level is favourable since the 
decision process, in a significant part of buildings, pass through owners living in single-family 
households, without involving the complex decision process needed in case of multi-family 
apartment block. 

 

Figure 15 - Breakdown of French total useful surface by usage [EU building database]. 

 

 

Figure 16 - Breakdown of U-values for different building components by year in France [EU building 
database]. 
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The trend of thermal transmittance values (U-value) over the years in France is instead shown 
in Figure 16. Even if the U-values for opaque and transparent surfaces is substantially constant 
for dwellings built before 1945 and until 1969, a strong decrease of U-values for the opaque 
surfaces can be observed after 1970 (i.e. around one third of the values observed for older 
buildings), which is further decreased to a tenth of the older structures, in the recent years. 
Transparent surface instead slightly decrease its U-values that is reduced at 50% of the value 
observed until 1969. These conditions evidence the need and the opportunity for a deep 
renovation for the residential sector in France, especially for dwellings and flats built before 
1980 which represent approximatively the 66% of the whole building stock.  

2.1.2 Energy use 

The energy use in the residential sector in France accounts for about 26.4% of the whole 
energy demand of the country from the different sectors, which approximatively corresponds 
to 434 TWh annually consumed in households. Figure 17 puts in evidence that this energy is 
mainly consumed in residential sector for space heating (around 62.5% of the overall energy 
consumption) and water heating purpose (around 12.5%). The remaining energy demand is 
used to cover the energy needs for appliances/lighting and cooking, which account for around 
15% and 10%, respectively. Air cooling demand is instead still marginal in the French context. 

 

 

Figure 17 - Distribution of energy demand in the residential sector by end-use [EU building database]. 

In this scenario, Figure 18 shows the share of the different energy sources used to cover the 
energy demand in the residential sector. Fossil fuels represent the main primary energy 
sources since are capable to cover 44% of the household consumption. However, renewables 
(19%) and especially electricity (32%) are not negligible in the French energy context. In 
particular, the large diffusion of nuclear power plants makes possible a strong reduction of the 
electricity prices for the final end-users, which have been moved over the years toward 
electricity-driven houses.  
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Figure 18 - Sources to cover energy demand in the French residential sector [EU building database]. 

Figure 19 and Figure 20 show a further analysis on the share of energy sources used to cover 
the demands for space and water heating. As already observed, the space heating represents 
the most significant energy demand which is mainly covered by fossil fuel as remarked in 
Figure 19, where natural gas and oil cover 37% and 17% of the space heating demand in 
households, respectively. Meanwhile, renewables (29%) are also relevant for covering the 
space heating demands. 

In contrast to this result, the water heating demand (see Figure 20) is instead principally 
covered by means of electricity (50%), which confirms the low trend of the electricity price in 
France.  However, natural gas (30%) is also used, but oil (11%) and district heating (8%) are 
not marginal as well. 

A larger diffusion of electricity-driven space heating systems like heat-pumps can be thus 
expected in the next future, if a deep energy renovation of the present build stocks will be 
performed. In fact, energy retrofit with improvement on the thermal insulation levels of the 
buildings makes possible to use low temperature generation systems like heat pumps which 
also benefits of a favourable electricity price. 

 

Figure 19 - Sources to cover energy demand for space heating in the residential sector in France [EU 
building database]. 
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Figure 20 - Sources to cover energy demand for water heating in the residential sector in France [EU 
building database]. 

2.1.3 Market trends 

The trend of renovation market for residential and non-residential buildings in France is 
summarized in Figure 21. The share of the refurbishment for residential building is slightly 
increased over the period 2005-2015 passing from 51% to 59% of the whole housing market, 
thanks to some changes in the regulatory framework capable to introduce discounted VAT 
especially for energy retrofit in buildings. Contemporarily, a reduction of the buildings permits 
released by municipalities play a complementary role for the increase of the renovation market 
in the recent years. The non-residential renovation market remains instead quite constant over 
the 10 years horizon from 2005 to 2015 and it is settled to 54% of the whole non-residential 
market in the 2015.  

 

Figure 21 - Share of residential and non-residential renovation market in France [OPENEXP - Energy 
Transition of the EU Building Stocks] 
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buildings which accounts for 62%, while the non-residential market account only for the 38%. 
In this context, the total turnover of the energy renovation in buildings is close to  
€ 13 bn which represents around the 0.67% of the French GPD [EUROSTAT3].  

 

Figure 22 - Share of residential and non-residential energy renovation market in France [OPENEXP - 
Energy Transition of the EU Building Stocks]. 

2.1.4 Investment behaviours and financing availability 

As already described in the general overview of the EU-28 context, the investment behaviour 
of household is strongly influenced by the macro-economic condition which can affect their 
disposable income and consequently how the money can be saved, consumed or invested. 
Figure 23 shows the trend of the change of the gross disposable income for French household 
in the last 10 years. This figure highlights a periodic variation of the income which constantly 
drops down after the 2008 crisis. Only in the last two years (2014-2015) an inversion of the 
trend has been observed with an increase of the gross income.  

 

Figure 23 - Adjusted gross disposable income of French households in real terms per capita 
[EUROSTAT4]. 

                                                

3 http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=tipsna50&plugin=1 
4 http://ec.europa.eu/eurostat/web/products-datasets/-/tec00113 
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As a result, the incomes substantially influence the trend of the household consumption in 
Figure 24, since higher or lower economic availability can lead household to increase or 
decrease goods or services consumption and investment as well. In fact, the consumptions 
trend is practically in accordance with the income, showing a decrease in 2011 and 2012, while 
an increase can be observed in the last two years.  

 

Figure 24 - Actual final consumption in real terms per capita for French household [EUROSTAT5] 

Differently from consumption, the gross household savings trend is not strictly correlated to the 
income, but rather to other external factors, as for example the uncertainty and the perception 
in the macro-economic future conditions, which can positively or negatively modify it. Figure 
25 shows a French household constant trend of their savings, which is slightly increased just 
after the 2008 crisis (in contrast to the corresponding income reduction), where money saving 
was correlated to uncertainty in next future economic conditions.  

 

Figure 25 - Household saving rate in France [EUROSTAT6]. 

                                                

5 http://ec.europa.eu/eurostat/statistics-explained/index.php/Archive:Household_consumption_expenditure_-
_national_accounts 
6 http://ec.europa.eu/eurostat/web/products-datasets/-/teina500 
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Figure 26 shows instead the trend in the last 10 years of the household investments rate, which 
mainly consists of the purchase and renovation of dwellings, as reported in the EUROSTAT 
definition7. The figure puts in evidence the impact of the economic crisis, since the investment 
rate substantially decreases of 2% just after 2008 with a consequent negative perspective for 
future investment in this field. However, investment in residential sector is also related to other 
factors (e.g. access to credit, interest rate, etc.), which can be potentially improved to prevent 
falls in housing market. 

 

Figure 26 - Investment rate of households in France [EUROSTAT8]. 

Finally, Figure 27 shows how the French household financial assets is composed. The figure 
highlights a moderate propensity (around 25%) to invest in equity and investment funds with 
low/medium risk and a greater attitude to be attracted by (life) insurance and supplementary 
pension. These behaviours can be positively encouraged to lead the economic availability 
towards buildings renovation by ensuring an adequate return of the investment in terms of Pay 
Back Time and an adequate (low) level of risk.  

 

Figure 27 - Total financial assets for households in France [EUROSTAT9]. 

                                                

7 http://ec.europa.eu/eurostat/en/web/products-datasets/-/TEINA510 
8 http://ec.europa.eu/eurostat/web/products-datasets/-/teina510 
9 http://ec.europa.eu/eurostat/statistics-explained/index.php/Household_financial_assets_and_liabilities 
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2.2 Germany 

2.2.1 Building stock 

The present overall useful surface for the residential sector in Germany is approximatively 
equal to 3620km2. Figure 28, which identifies the buildings age, put in evidence as the 21% of 
residential building stock was built before 1945, around one third of the dwellings were 
constructed within 1945 and 1969, 17% of theme were built from 1970 to 1979, 12% of the 
whole flats were built within 1980 and 1989, while only 11% were recently built within 1990-
1999. This condition evidence a substantially decrease of the residential construction sector 
after the 1969, which is constantly reduced over the years. Nowadays, the construction sector 
is further contracted down to 6% of the overall available surface. 

 

 

Figure 28 - Breakdown of German building stock by age 

 

 

Figure 29 - Breakdown of German total useful surface by usage 
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In this context, around 68.4% of the buildings presently available in Germany are residential 
one (see Figure 29), where approximatively 40.9% are single-family households and the 27.5% 
is formed by multi-family apartment blocks. The occupancy of these residential buildings, in 
contrast to the average trend of the other EU countries, is referred to tenants which accounts 
for about 65% of the whole stocks. Only the 45% of them are instead occupied by owner itself. 
This situation, is potentially critical for a wide diffusion of the energy retrofit actions, since the 
decision process could involves the homeowners of the flats where the renters live. In fact, a 
delay can be expected in all those cases where the owner could not have awareness on energy 
efficiency aspects. 

The Figure 30 shows instead how the thermal transmittance values of opaque and transparent 
surfaces changes over the years and thus for different building age. Even if, the U-values of 
the opaque surfaces is lower than ones in other EU countries (e.g. France) also for buildings 
constructed before the 1969, Figure 30 highlights a substantial reduction of the thermal 
transmittance over the years. In particular, within the period from 1970 to 1979 the U-values 
for opaque surfaces a reduction of 50% can be observed with respect to older buildings. 
Successively, starting from 1980, further reductions can be highlighted and the U-values of 
opaque surfaces nowadays decrease approximatively down to a tenth of the values measured 
for buildings in 1969. Similarly, thermal transmittance for transparent surface decrease over 
the years, but it can be assumed substantially unchanged up to 1990. Later, a significant 
reduction down to 50% of the U-values in 1969 is registered for buildings constructed after 
2010.  

 

 

Figure 30 - Breakdown of U-values for different building components by year in Germany 

This condition represents instead an opportunity for the implementation of the energy retrofit 
actions, since the large part of the building stock (i.e. around 54%) was built before the 1969 
with reduced standards of energy efficiency. 
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2.2.2 Energy use 

The energy demand of the residential sector in Germany accounts for about 599 TWh a year, 
which represents approximatively 24.7% of the whole national energy demand. Figure 31 
highlights the distribution of this energy demand by the different final usage. Space heating 
and water heating still represent the main energy demand for the households in Germany. In 
particular, space heating accounts for around 66% and water heating demand correspond to 
18% of the whole demand in a household. Instead, appliance/lighting and cooking cover only 
the 12% and 4% of the energy needs in residential context, respectively. Air cooling is still 
marginal and the corresponding demand is lower than 1% of the whole household need. 

 

Figure 31 - Distribution of energy demand in the residential sector by end-use 

These energy needs in households are then covered by different primary energy sources, as 
remarked in Figure 32. The main contributions come from fossil fuels like natural gas (38%) 
and product oil (22%), since the main energy needs are space and water heating. For this 
reason, a large diffusion of boilers can be expected for covering these energy demands. 
Electricity (22%) is also widely used, while renewable and derived heat account for 10% and 
7%, respectively.  

 

Figure 32 - Sources to cover energy demand in the German residential sector 
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Figure 33 confirms that natural gas (47%) is the main sources for space heating application 
followed by product oil (31%). A non-negligible contribution comes also from district heating 
(9%), while renewable (7%) and electricity (4%) are marginal.  

 

Figure 33 - Sources to cover energy demand for space heating in the residential sector in Germany 

A different condition can be observed instead for water heating application in Figure 34. Even 
if the main primary source is represented by natural gas (33%), a relevant contribution derives 
from renewable which covers about 30% of the household water heating demand. Electricity 
is not marginal since it accounts for 19% of the total share, highlighting also a potential large 
diffusion of electric boiler to produce domestic hot water. Product oil and district heating have 
instead a lower impact accounting for 12% and 5%, respectively.   

In general, a reduction of fossil fuel is desired in the next future combined also to a reduction 
of the corresponding carbon footprint. This goal can be reached with a potential large diffusion 
of retrofit actions which can be performed on buildings built before 1970.  

 

Figure 34 - Sources to cover energy demand for water heating in the residential sector in Germany 
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2.2.3 Market trends 

The trend of the building renovation market in Germany is shown in Figure 35. The figure 
highlights as the renovation in housing market increases from 2005 to 2015, moving from the 
63% to around three quarters of the whole residential building market. Similarly, the non-
residential renovation market has seen a considerable growth from 46% to 61% of the whole 
non-residential market.  

These grow up are related to many factors which has influenced the renovation market: decline 
of the construction of new buildings from 2009; significant increase of the oil and natural gas 
prices; extension of the national subsides for energy renovation (KfW program); light 
renovation is less expensive than new construction in some cases; etc. However, a further 
increase is not expected in the next future due to other factors which can have a negative 
impact on the market: relative higher capital cost for building renovation; homeowners with 
insufficient capital or income; the building renovation is a complex topic for many private 
homeowners; absence of tax credit for energy retrofit in buildings; etc.  

 

Figure 35 - Share of residential and non-residential renovation market in Germany 

 

Figure 36 - Share of residential and non-residential energy renovation market in Germany 
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Figure 36 puts in evidence the share of the energy renovation between residential and non-
residential markets. The larger portion of approximatively 70% is related to residential while 
the 30% of the whole energy market is related to non-residential one. The corresponding 
volume of these markets are thus close to €16.7bn for residential and €7.3bn for non-
residential, which accounts for the 0.86% of the national GDP.  

2.2.4 Investment behaviours and financing availability 

The financial and economic context of households in Germany is presented in the next figures. 
As already observed the main driver for consumption and investment is related to the gross 
disposable income which can partially lead also the financial behaviour of the German families. 
Figure 37 remarks the well-known stable economic condition of Germany where a positive 
variation of the households’ income can be observed in each year within the period from 2005 
to 2015. In particular, the yearly change of households’ income was always growing in the last 
four years from 2012 to 2015. 

 

Figure 37 - Adjusted gross disposable income of German households in real terms per capita 

 

Figure 38 - Actual final consumption in real terms per capita for German households 
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Consequently, also the households’ consumption in Figure 38 follows the same trend thanks 
to a positive national macro-economic context which, together to the income increase, 
encourages household in goods and services consumption.  

This positive economic environment also influence the households gross saving shown in 
Figure 39. Savings within the last 5/6 years are in fact reduced of about 4% with respect to the 
saving rate in the period from 2005 to 2009. The reduction can be imputed to the economic 
growing in Germany, which ensures more economic stability and reduces the uncertainty 
perception, so that saving needs can be switched towards consumption and investments. 

 

Figure 39 - Household saving rate in Germany 

 

Figure 40 - Investment rate of households in Germany 

This assumption is also confirmed by the household investment rate (i.e. the investment in 
purchasing and/or renovating dwellings) which increases of 1% in the last five years from 2011 
to 2015. Thus, a positive context is expected in Germany for fostering and promoting the 
energy renovation in residential buildings by encouraging trend in Figure 40. 

0

2

4

6

8

10

12

14

16

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

%
	o
f	
g
ro
ss
	d
is
p
o
sa
bl
e
	i
nc
o
m
e

0

1

2

3

4

5

6

7

8

9

10

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

%
	o
f	
g
ro
ss
	d
is
p
o
sa
bl
e
	i
nc
o
m
e



 

 

www.BuildHEAT.eu  Page 25 of 128 

 

Figure 41 - Total financial assets for households in Germany 

Finally, Figure 41 highlights a financial behaviour in Germany. In practice, even if a relevant 
part of the financial assets refers to currency and deposits (around 39%) or insurance, 
pensions and standardised guarantees (around 36%), a non-marginal part of the assets -close 
to 20%- refers to investment with low/medium risk. Also, here the household economic 
behaviour can be potentially leads to invest in buildings renovation by moving, for example, 
investment with low/medium risk into household refurbishment. However, this change should 
be acted by ensuring easy access to credit and lower interest rate.  

2.3 Italy 

2.3.1 Building stock 

In Italy the residential building stock accounts for an overall useful floor area of about 3050 
km2. As shown in Figure 42, the majority of buildings (58%) were built before 1970, the 33% 
were built in the period 1970-1990, the 5% were completed between 1999 and 2000 and only 
the 4% were built after 2000. There is a large number of buildings that potentially require an 
energy retrofit, with a construction year before 1970, thus energy efficiency for these buildings 
is supposed to be scarce. Moreover, the graph shows that the construction sector of residential 
buildings has progressively slowed down in the last years, with a significant decrease in the 
period 1990-2008. 

The main part of the buildings belongs to the residential typology (approximately 89%), about 
62% are multi-family buildings and only 26% are single-family houses (see Figure 43). On the 
other hand, 94% of Italian households are owned by private subject, with 75% of them 
occupied by the owner itself. As a result, a large-scale energy retrofit of existing buildings is 
difficult to achieve due to the required agreement between different owners to work on a single 
apartment blocks. 
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Figure 42 – Breakdown of Italian building stock by age. 

 

 

Figure 43 – Breakdown of Italian total useful surface by usage. 

The evaluation over the years of the average thermal transmittance for residential buildings in 
Italy can be analysed in Figure 44. The average U value tends to decrease especially after 
1990, since after that date, new constructions were built according to more strict requirements 
in terms of energy efficiency. As an example, the more recent average U value (after 2000) for 
opaque surfaces are substantially half the U value of older buildings. Although the ownership 
is a barrier, there is large potential in the energy retrofit market in Italy, since almost the 91% 
of residential buildings were built before 1990. 
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Figure 44 – Breakdown of U-values for different building components by year in Italy. 

2.3.2 Energy use 

In Italy, the energy demand in the residential sector is 26% of the total energy demand for the 
whole country (i.e. including also industrial, commercial and other sectors), that corresponds 
to a yearly demand equal to 280 TWh a year.  

 

Figure 45 – Energy consumption in Italian residential sector by end-use 

Figure 45 highlights how the energy demand for the residential sector is distributed among the 
various end uses. The main residential energy consumption is due to space and water heating, 
which represents 70% (space heating) and 7.4% (water heating) of the whole energy demand 
of residential sector. Electric appliances and lighting represent the second main element of 
consumption, but they account only for the 14.3% of the total. Air conditioning (2.6%) is still 
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marginal in the current Italian context, even if it will probably increase in the future, as this is 
felt more and more as a commodity. 

Figure 46 shows the shares of the different fuels used to cover the energy demand in the Italian 
residential sector. Natural gas represents the main fuel used in Italy with a 53% share. 
Renewable sources play a relevant role as they cover up to 20% of the total household 
demand. Electricity contributes to a relevant extent to the demand (17%), while the use of 
recovered heat (e.g. from cogeneration plants) is emerging in the Italian context and it is mainly 
used to supply district heating networks.  

Analysing only the sources used to cover space heating demand (Figure 47), natural gas is 
the main source (about 60%). Renewable sources represent a relevant option for space 
heating, accounting for 26%, with a high contribution from solid biomass like wood. Limited 
contributions are provided by oil products (9%), derived heat (3%) and electricity (2%). These 
data shows how boilers (both central and individual) are the main systems used to produce 
heat in the Italian residential context. 

 

Figure 46 – Energy sources to cover residential energy demand in Italy 

 

Figure 47 – Energy sources used to cover space heating demand in the Italian residential sector. 
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Figure 48 – Energy sources to cover water heating demand in the residential sector in Italy. 

Similar results are shown in Figure 48 related to water heating demand. The main contribution 
is given by natural gas (70%) followed by electricity (15%), remarking as residential units are 
equipped with gas or electricity powered water heaters. Marginal contributions are provided by 
other sources. 

2.3.3 Market trends 

The renovation market trends for residential and non-residential buildings is shown in Figure 
49. The market is significantly increased in the period 2005-2015. The market of residential 
buildings retrofit has grown to reach a current share of 82% of the total output of the 
households construction sector. This increase was mainly due to the significant contribution of 
proper fiscal incentives (i.e. tax credits) that was introduced in Italy to foster building 
refurbishments (both general and energy retrofitting). 

 

Figure 49 – Share of residential and non-residential renovation market in Italy. 

0% 

5% 

70% 

4% 

6% 

15% 

Coal Oil Gas Derived	Heat Renewable Electricity



 

 

www.BuildHEAT.eu  Page 30 of 128 

There has been an increase in the share of renovation also in the non-residential market, 
moving from the 50% in 2005 to the 70% in 2015. Basically, in the last years, the Italian market 
has been more devoted to renovate the existing building stock than to build new constructions, 
as the economic situation makes the investment in new buildings not as profitable as in the 
past. 

 

Figure 50 – Share of residential and non-residential energy renovation market in Italy. 

Figure 50 shows how the energy renovation market, a portion of the building renovation 
market, is separated between the residential and non-residential market. The residential 
market is quite the double with respect to the non-residential one, as it accounts for the 67% 
of the total output, with a total turnover close to €15bn. The energy renovation market is close 
to 0.9% of the Italian GDP, while the whole building renovation market in the residential sector 
accounts for 1.7% of Italian GDP. 

2.3.4 Investment behaviours and financing availability 

The macro-economic context of Italy is different from the other EU countries and particularly 
from the German context. As observed in Figure 51, the trend of the Italian gross households 
income falls after to 2008 crisis. The trend still remains negative in the period within 2008 to 
2012, with a negative peak in 2012 where the annual variation of households income falls 
down to -5.5%. Only in the last two years (2014 and 2015) a slightly inversion of the trend has 
been registered with a positive variation of around +0.85% in 2015.  

This economic context negatively influences the households gross consumption trend shown 
in Figure 52. In fact, after 2008 crisis, the yearly variation of the gross consumption in Italy was 
substantially negative until 2013, with a negative peak equal to -5.6% measured in 2012. 
Recently, the annual variation of gross household consumption returns to growth up to +1.4% 
in 2015, following the trend of the gross income in Figure 51.  

Figure 53 shows instead the trend of the gross saving for households in Italy within the period 
from 2005 to 2015. A decrease can be observed just after the 2008 where the gross savings 
loss around 4% compared to before crisis. The recent value of 10.4% is thus observed in 2015. 
This condition, under the reduction of the income, reveals a sort of erosion of the economic 
availability for household, which can negatively influence also investments and consumptions. 
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Figure 51 - Adjusted gross disposable income of Italian households in real terms per capita 

 

Figure 52 - Actual final consumption in real terms per capita for Italian household 

 

Figure 53 - Household saving rate in Italy 
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Figure 54 - Investment rate of households in Italy 

In fact, as observed in Figure 54 the household investment rate in 2015, which is mainly related 
to the investment in purchasing and/or renovating dwellings, falls down to 8% of the gross 
income. This condition can be a potential barrier for developing a large diffusion of the 
renovation market in the future, which can be overcome thanks to the incentives schemes 
supporting the energy retrofit in buildings. 

Finally, Figure 55 highlights the financial assets of households. In the Italian context, a non-
marginal part (10%) refers to debt securities (e.g. government and municipal bonds), so 
financial behaviour is also oriented to low risk investment. In fact, a relevant part refers also to 
equity and investment funds (i.e. around 34%) with a corresponding low/medium risk. Under 
this light, the households’ investment could be potentially moved on building renovation, 
ensuring lower risk related to the Italian incentive schemes for dwelling refurbishment. 

 

 

Figure 55 - Total financial assets for households in Italy 
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2.4 Poland 

2.4.1 Building stock 

The present residential Polish building stock is formed by approximatively 1012 km2 of overall 
useful surface, which is the lower value compared to the other five most populous EU 
countries. Figure 56, which shows the age distribution of the buildings, highlights as around 
43% of the total stock was built before 1969, 27% within the period 1970-1989, while 17% was 
completed after 2000. Moreover, this context put in evidence as the residential constructor 
sector was substantially constant from 1970 to 2000, while a grow up and an expansion can 
be observed in the recent years (i.e. after 2000). Thus, a wide potential market for building 
renovation can be expected, since a significant part of the building stock (~43%) was built 
before 1970 with lower energy efficiency requirements.  

 

Figure 56 - Breakdown of Polish building stock by age 

 

 

Figure 57 - Breakdown of Polish total useful surface by usage 
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In this context, the residential end-use represents approximatively 67% of the overall building 
stock (see Figure 57), where 22.1% is formed by single-family household and around 45% is 
formed by multi-family apartment block. In addition, the occupancy of the buildings in the Polish 
situation is naturally inclined toward a potential wide buildings renovation, since around 65% 
of the flats are occupied by the homeowners, only 2.5% of the dwellings is occupied by tenants 
and around 32.5% is used as social dwelling. The decision process for building renovation 
benefits of this condition, since the parties involved in the decisions making process (i.e. the 
homeowner itself) are actively interested on the reduction of bill costs for space and water 
heating. On the contrary, the simultaneous large number of multi-family buildings can 
potentially slow down the energy renovation due to the wide number of homeowner involved 
in the decision process of energy retrofit in building at local level.  

Figure 58 shows the trend of the thermal transmittance values for opaque and transparent 
surfaces in residential buildings of Poland. In particular, higher U-values can be observed in 
building completed before the 1945. A slightly reduction of thermal transmittances is instead 
highlighted within the period from 1945 to 1969, but U-values are substantially unchanged from 
1970 to 1999. In the recent years (i.e. after 2000) a slightly further reduction of U-values can 
be measured. In this situation, a diffuse energy renovation in buildings is desirable in the next 
years, since Poland suffers of high specific energy consumption for space heating which 
negatively impacts on the national carbon footprint.  

 

 

Figure 58 - Breakdown of U-values for different building components by year in Poland (roof value not 
available in 2000-2010) 

2.4.2 Energy use 

The energy demand of residential sector in Poland accounts for around 220 TWh a year, which 
corresponds to approximatively 30.8% of the national energy needs. Figure 59 highlights how 
this energy needs are shared by the different usage. As already observed for the other EU 
countries, space heating and water heating represent the main energy needs in households. 
In fact, space and water heating represent around 65% and 18% of the household energy 
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demand, respectively. Appliances/lighting and cooking accounts for about 8% each, while air 
cooling demands is still marginal.  

 

Figure 59 - Distribution of energy demand in the residential sector by end-use 

The aforementioned energy needs are covered by different fuels as highlighted in Figure 60. 
Differently for the other populous EU country, Poland households are wide coal end-users, 
since this source cover around one third of their energy needs. Relevant portion of the energy 
needs is also covered by derived heat (21%), natural gas (17%), renewable (13%) and 
electricity (13%), while the use of product oil is marginal since it covers only 3% of the 
households demands. The carbon footprint is consequently significant in this context and 
energy retrofit in buildings can be a valuable solution for reducing emissions and introduce 
renewable.  

Figure 61 remarks the trend observed in Figure 60. The space heating demand in households 
is widely covered by coal (46%), while lower contributions come from derived heat (24%), wood 
biomass (17%) and natural gas (11%). Also in this case electricity (1%) and product oil (1%) 
contributions are negligible.  

 

Figure 60 - Sources to cover energy demand in the Polish residential sector 
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Figure 61 - Sources to cover energy demand for space heating in the residential sector in Poland 

 

Figure 62 - Sources to cover energy demand for water heating in the residential sector in Poland 

Finally, water heating demand (see Figure 62) is substantially equivalently covered by the 
different fuels, where electricity (22%) is slightly higher compared to the other sources and 
product oil (1%) is practically unused.  

Since space and water heating represent the main energy demand in households and these 
needs are covered primarily by coal, the energy efficiency measures in building can be capable 
to reduce the energy demand and contemporarily the emissions ensuring also an improvement 
of the air quality in the whole country. 

2.4.3 Market trends 

The market trends of building renovation in Poland is shown in Figure 63. A general overview 
highlights that the renovation market represents a reduced portion of the whole residential and 
non-residential market. In fact, the renovation market both in residential and non-residential 
buildings accounts for 30% and 27% of the corresponding whole markets. Besides the 
renovation markets have suffered a constant decrease over the 10 year period from 2005 to 
2015. This context is substantially the result of a stagnation of the residential market in which 
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a considerable number of flats are unused or unsold after the construction. Moreover, reduced 
incomes decrease the financial and economic availability of homeowners to exploit the 
renovation opportunity.  

Figure 64 shows instead the energy renovation market separated between the residential and 
non-residential market. The residential market is a minor portion since accounts for 41% of the 
whole energy renovation market. On the contrary, non-residential market accounts for 59% of 
this whole market which corresponds to a turnover of approximatively €0.76bn. Finally, the 
energy renovation market in Poland is close to 0.18% of the national GDP. 

 

Figure 63 - Share of residential and non-residential renovation market in Poland 

 

Figure 64 - Share of residential and non-residential energy renovation market in Poland 

2.4.4 Investment behaviours and financing availability 

The macro-economic environment for households in Poland is quite positive, since the country 
is involved in an economic growth phase after the EU membership in 2004. Figure 65 shows 
in fact that the yearly variation of gross income per household is always positive, meaning an 
evident growth for the sector. However, 2008 crisis also impacted in Poland since the income 
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variation had lower trend in 2010 and a brake can be observed in 2011 with a yearly increase 
close to zero.  

As already observed for the other countries, the trend of yearly variation of gross consumption 
per household is correlated to the income one. Figure 66 highlights a lower growth after 2008 
crisis, with a fall in 2012 and 2013 where the yearly change was lower than 1%. Nowadays, 
the consumption trend returns to grow, reaching a yearly change close to 3.7%. This trend also 
reflects an increased confidence of Poland households in the future macroeconomic 
conditions. 

 

Figure 65 - Adjusted gross disposable income of Polish households in real terms per capita 

 

Figure 66 - Actual final consumption in real terms per capita for Polish household 

Figure 67 identifies the trend of the gross savings for Polish household. The increased 
consumption in the last two years is associated to a significant decrease of the savings which 
move from around 5% before the economic crisis to less than 2% in 2015. The gross savings 
are considerable lower than the ones of the other EU countries presented in this document, 
highlighting a propensity to consume rather than save money. 
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Figure 67 - Household saving rate in Poland 

 

Figure 68 - Investment rate of households in Poland 

The investment rate of households, which reports the investment in purchasing and/or 
renovating dwellings, is instead shown in Figure 68. The trend is substantially constant at 
around 8% of the gross disposal income, over the 10 years’ period from 2005 to 2015. This 
value is in accordance with the ones of the other EU countries like Germany and France, 
remarking the positive propensity of households to invest also in dwelling renovation.  

Finally, Figure 69 puts in evidence the financial assets per household in Poland. The main part 
is formed by currency and deposits (around 48% of total financial assets) with no risk, while 
another relevant asset is represented by the equity and investment funds (around 25%) with 
typical low/medium risk. A lower portion is instead devoted to invest in insurance, pensions 
and standardised guarantees (around 15%). This condition can be a potential barrier due to 
an evident inclination of Polish households to invest savings in asset without risk. However, as 
already suggested for other contexts, the building renovation is still attractive for households 
(see Figure 68) and a market upturn can be obtained by facilitating the access credit at lower 
interest rate. 
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Figure 69 - Total financial assets for households in Poland 

2.5 Spain 

2.5.1 Building stock 

The Spanish building stock is composed of an overall useful floor area of about 2156 km2. 
According to Figure 70, only 46% of the buildings were constructed before 1970, while 31% 
were built between 1970 and 1990, 12% were completed between 1990 and 2000, and 21% 
were built after 2000. These data highlight how the construction sector was significantly 
relaunched in the last years, hence the number of buildings that potentially need an energy 
retrofit is lower than in Italy. However, a deep insight in the latter periods’ constructions shows 
that the actual façade transmittance and windows quality are lacking, thus demonstrating that 
large potential is also present for relatively new built constructions. 

 

Figure 70 – Breakdown of Spanish building stock by age. 
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Moreover, the major part of buildings belongs to the residential typology (83% of the whole 
building stock), considering the 56% of multi-family buildings and 27% of single-family houses 
(see Figure 71) creating a scenario similar to Italy. Regarding ownership, 97% of residential 
buildings is owned by private owners and only 3% of residential buildings are owned by a 
public body. 

 

Figure 71 – Breakdown of Spanish total useful surface by usage. 

 

 

Figure 72 – Breakdown of U-values for different building components by year in Spain 
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the time. This means that the performance of thermal insulation has significantly increased 
since 1980, with a consequent reduction of energy consumption due to space heating with 
respect to older building (i.e. built before 1980). However, since 55% of buildings were 
constructed before 1980, relevant benefits are expected if refurbishment actions in the 
residential sector are promoted.  

2.5.2 Energy use 

The yearly energy need in the residential sector in Spain accounts for 167 TWh a year, 
representing only around 16% of the overall energy demand of the country. This is mainly due 
to the favourable climatic conditions that reduce the need for space heating during winters. 

Figure 73 highlights that the sum of space heating and water heating demands approximately 
represents 60% of the whole energy demand in the residential sector. In this case, electricity 
demand to supply appliances and lighting is relevant, since it accounts for 31% of the energy 
needs. Air conditioning still represents a marginal contribution, since it is in the order of 1% of 
the total. 

 

Figure 73 – Distribution of energy demand in the residential sector by end-use. 

 

Figure 74 – Sources to cover energy demand in the Spanish residential sector. 
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These values have an impact also on the analysis of the sources used to generate the required 
energy. As shown in Figure 74, the main fuel used to cover energy demand in the residential 
sector is electricity (41%), while natural gas, renewable sources and oil products have 
approximately the same share (21%, 19% and 18% respectively). Natural gas is less common 
in Spain residential units than in other countries with an extremely relevant role played by oil 
products. 

If only space heating is considered (Figure 75), the major part of the demand is covered by 
solid biomass renewable sources (39%), followed by oil products (30%) and natural gas (23%). 
A different scenario is related to water heating (Figure 76), where natural gas is the main 
source (51%), followed by oil products and electricity (23% and 17% respectively). A marginal 
share is provided by renewable sources, which cover only 9% of the whole water heating 
demand. 

 

Figure 75 – Sources to cover energy demand for space heating in the residential sector in Spain 

 

 

Figure 76 – Sources to cover energy demand for water heating in the residential sector in Spain 
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2.5.3 Market trends 

In Spain the trend is very similar to the Italian context. Figure 77 shows the renovation market 
shares for residential and non-residential buildings, highlighting an increase of renovation 
works in the period 2005-2015. 

The figures show that the renovation of residential buildings has expanded its market to reach 
59% of the total construction sector. The result is partially due to a recent upturn of the sales 
market. After a significant growth of the construction sector in the early 2000s with the 
construction of many new buildings, the market recently dropped. As a consequence, the sales 
market is mainly focused on unoccupied buildings/flats, forcing an increase of renovations to 
make the residential units more attractive. In a similar way, the non-residential market upturn 
from 2005 to reach a current share of 52%. 

The energy renovation market is described by Figure 78. The residential and non-residential 
market are substantially equal to each other, since the share is subdivided in 55% and 45% of 
the total output respectively. The total turnover is thus close to €4.2bn, representing the 0.41% 
of Spanish GDP. 

 

Figure 77 – Share of residential and non-residential renovation market in Spain 

 

Figure 78 – Share of residential and non-residential energy renovation market in Spain. 
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2.5.4 Investment behaviours and financing availability 

The trend of gross disposable income per household in Spain within the period from 2005 to 
2015 shows that the macro-economic condition of the country was critical in the recent past. 
However, as observed in Figure 79, the yearly change of the income returns to growth in the 
last two years (2014-2015) up to +2.5% in 2015, remarking a positive and more stable recent 
macro-economic context.  

Consequently, the trend of yearly changes in gross consumption for Spanish households 
follows the income trend. In fact, yearly negative variations can be measured in Figure 80 just 
after 2008 crisis until 2013. In particular, the trend falls down to -4.5% in 2012 in accordance 
with the corresponding fall of the income down to -6.2%. Recently, the trend of consumption 
returns to raise in 2014 and 2015, according to the trend of households income. 

 

Figure 79 - Adjusted gross disposable income of Spanish households in real terms per capita 

 

Figure 80 - Actual final consumption in real terms per capita for Spanish household 

The households’ gross savings are instead shown in Figure 81 within the period 2005 to 2015. 
A remarkable increase can be observed in 2009 just after the start of the economic crisis, when 
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the saving reach approximatively 13.4% of the disposable income due to the negative 
perception and to the uncertain future economic condition. More recently the households’ 
saving returns to pre-crisis level at 8.2% of the income in 2015, reflecting more recent positive 
macro-economic conditions. 

The investment rate in purchasing and/or renovating dwellings is shown in Figure 82 for the 
same 10 years period. The trend shows a fast fall after 2008 crisis, moving from about 15.2% 
of the income in 2007 to 4.3% in 2015. This negative trend highlights the barrier for investing 
in the present housing market by the households. Furthermore, the incentive schemes for 
supporting building renovation in Spain is no longer available, so investments in this sector 
can be strongly reduced in the future and an appropriate solution needs to be found as for 
example a reduction of interest rate for loans.  

 

Figure 81 - Household saving rate in Spain 

 

 

Figure 82 - Investment rate of households in Spain 
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Figure 83 - Total financial assets for households in Spain 

Finally, Figure 83 shows the total financial assets for Spanish households measured in 2015. 
One of the main assets is represented by currency and deposits which accounts for around 
42% of the total asset. Other relevant assets are equity and investment funds (around 37% of 
total assets), which remarks the households’ inclination to invest in low risk assets. However, 
as already suggested, the building renovation is less attractive for households (see Figure 82) 
and a market upturn can be obtained by facilitating the access credit at lower interest rate, in 
order to improve the perception of the building renovation as low risk one.  

2.6 United Kingdom 

2.6.1 Building stock 

The current building stock in the United Kingdom is made of an overall useful floor area of 
about 3194 km2. As already observed for the EU overview, the age of buildings is one of the 
key issue for a preliminary evaluation of the needs for an energy retrofit of residential houses. 
In UK, almost 65% of the whole building stock was constructed before 1970, 19% was built 
between 1970 and 1990, 8% was built between 1990 and 2000, and only the remaining 8% 
was manufactured after 2000 (see Figure 84). According to this data, the trend in the new 
constructions’ sector in UK is substantially constant from 1980 until now. 

In this context, the residential buildings represent the 79% of the whole building stock, divided 
in 69% of single-family houses and 10% of multi-family buildings. 

Moreover, 81% of buildings is owned by private landlords, 10% is owned by public bodies, and 
the remaining 9% is owned by other subjects. This means that a significant part of the 
residential building stock is owned by private subjects and many of them belong to the single-
family typology. Thus, UK present a suitable condition for developing the renovation market, 
since the decision-making process on energy retrofitting does not involve many subjects. 
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Figure 84 – Breakdown of UK building stocks by age. 

 

 

Figure 85 – Breakdown of UK total useful surface by usage. 

The graph in Figure 86 shows the trend over the years of the average heat transfer coefficient 
(the so-called U value) that describes how a building conducts heat through the different 
building elements (floor, roof, wall and windows). Older buildings (i.e. building built before 
1980) have a practically constant U value for the opaque and transparent surfaces, even if a 
slight decrease is observed in the 1970-1979 period. Building constructed after 1990 have 
sensibly reduced the value of thermal transmittance for the opaque surfaces, while transparent 
surfaces have a performance improvement only after 2000. Hence, refurbishment activities 
need to be implemented in older buildings to considerably reduce heat losses and reduce the 
corresponding energy demand for space heating. Significant benefits can be thus expected by 
energy retrofitting since 76% of the actual building stock were built before 1980. 
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Figure 86 – Breakdown of U-values for different building components by year in UK. 

2.6.2 Energy use 

UK homes final energy consumption is approximately equal to 445 TWh in 2014, which 
represent 27% of the total final energy demand of the country. In this context, space heating 
and water heating demands (i.e. energy required for domestic hot water) are the main energy 
demands for residential users, as they account for about 70% and 11% of the whole 
consumption respectively (see Figure 87). The remaining quota of energy consumed is mainly 
related to appliances and lighting (about 16%). 

 

Figure 87 – Final energy consumption for UK residential buildings by end use. 
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It is important to evaluate which energy source is used to generate the required energy. In UK 
the main fuel used to cover these consumption is natural gas, which account for around 62% 
of the whole demand. Electricity and oil products account for 24% and 7% of the demand, 
while renewable energies cover only a small quota (about 5%). A graphical representation is 
shown in Figure 88. 

The general trend is confirmed when analysing in a deeper detail the fuel sources for space 
heating (Figure 89) and water heating (Figure 90). According to the graphs, space heating is 
mainly covered by means of natural gas (i.e. about 78%), while oil products and electricity are 
less used (9% and 8% respectively). Use of renewable sources in the space heating domain 
is still marginal as it currently cover only 5% of the demand in the residential sector. 

Similarly, water heating demand is mainly covered by natural gas (about 74%). In this case, 
renewable sources are the second type of fuel most utilized, accounting for the 10% of the 
total, slightly more than electricity and oil products (9% and 5% respectively). Coal covers only 
a marginal quota of the demand (2%). 

 

Figure 88 – Energy consumption in UK residential sector by fuel. 

 

Figure 89 – Energy consumption for space heating in UK residential sector by fuel. 
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Figure 90 – Energy consumption for water heating in UK residential sector by fuel. 

2.6.3 Market trends 

The market of building renovation in UK is summarized in Figure 91 and Figure 92. The market 
for residential and non-residential buildings includes both generic renovation and energy 
retrofits. The former includes general measures not directly linked to energy efficiency, while 
the latter includes measures to reduce the building energy consumptions. 

Figure 91 shows the renovation market in the residential sector in 2015 accounts for 50% of 
the total output of the household construction sector. In the same period, renovation market 
accounts for the 30% in the non-residential market. In general, the renovation market is slowing 
down with respect to 2009, after a period where there was an increase of the renovation works, 
especially in the residential market. 

 

Figure 91 – Share of residential and non-residential renovation market in UK. 
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compared to the 38% of the latter, with a total turnover approximately close to €8.7bn. 
Accordingly to these figures, the energy renovation market in UK is close to the 0.4% of the 
UK GDP, considering that the whole renovation market for residential buildings accounts is 
close to 1.7% of the UK GDP. 

 

Figure 92 – Share of residential and non-residential energy renovation market in UK. 

2.6.4 Investment behaviours and financing availability 

The yearly variation of the gross disposal income per household in UK is shown in Figure 93. 
In this context, frequent variations of the income can be observed within the period from 2005 
to 2015 moving, for example, from -2.9% in 2011 to +2.5% in 2015. Thus, to better understand 
the macro-economic context, a comparison to the yearly gross consumption needs to be 
performed. 

 

Figure 93 - Adjusted gross disposable income of UK households in real terms per capita 

Figure 94 highlights a significant reduction of the household consumption during the economic 
crisis and in the post-crisis period from 2008 to 2012. In fact, the yearly variation of the 
consumption falls down to -2.5% in 2009. Successively, the consumption restarts to grow up 
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from 2012 to 2015, remarking a positive perspective and perception by households of the 
macro-economic UK conditions.  

This assumption is confirmed by analysing Figure 95, where the trend of gross savings per UK 
household is shown. In fact, an increase can be observed within the period from 2009 to 2012 
related to the uncertain economic situation in that period. More recently, an inversion of this 
trend can be evaluated from 2013 to 2015, where the savings return close to the pre-crisis 
period (around 6.45% of gross income).  

 

Figure 94 - Actual final consumption in real terms per capita for UK household 

 

Figure 95 - Household saving rate in UK 

The aforementioned behaviours are also reflected in the investment rate in Figure 96. The 
investments in purchasing and/or renovating dwellings fall after 2008 economic crisis until 
2012, but grow again from 2013 to 2015 in a less uncertain and more positive macro-economic 
context. This recent situation reflects a suitable environment where the building renovation 
market can boost. 
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Figure 96 - Investment rate of households in UK 

 

 

Figure 97 - Total financial assets for households in UK 

Figure 97 highlights how the total financial assets of UK households is split. The most 
significant part of the assets, close to 59% of the gross income, refers to insurance, pensions 
and standardised guarantees. Only a reduced part refers instead to currency/deposits (around 
24%) without risk and to equity/investment funds (around 11%) with low/medium risk. Under 
this light, investing in dwellings/buildings renovation can be positively perceived by UK 
households, if the refurbishment is presented as an opportunity at low risk, where benefits can 
be obtained by the saving of energy bills and eventual increased property value. 
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3 The analysis of the regulatory framework 

3.1 Regulatory framework of energy efficiency measures 

The Article 4.1 of the Energy Performance of Buildings Directive, (EPBD, Directive 
2010/31/EU) establishes that the Member States (MSs) have to “take the necessary measures 
to ensure that minimum energy performance requirements are set for building elements 
that form part of the building envelope and that have a significant impact on the energy 
performance of the building envelope when they are replaced or retrofitted, with a view to 
achieving cost-optimal levels”.  

The cost‐optimal level, as defined by the EPBD, is the energy performance level, which leads 
to the lowest cost during the estimated economic lifecycle. The methodological framework has 
been defined in 2012 for both new constructions and in case of renovation. Accordingly, the 
MSs have to fine-tune their minimum performance requirements according to the results of the 
calculation of the cost-optimal level, considering specific boundaries and relevant parameters, 
such as climatic conditions and the practical accessibility of energy infrastructure. Now many 
MSs are working to implement the tighter national minimum energy performance requirements 
for new and existing buildings evaluated through the cost-optimal level.  

The evaluation of the cost-optimality is based on a series of reference buildings that all the 
MSs have to define as representative constructions of the whole building stock, for both new 
and existing buildings (residential, educational buildings, hospitals, hotels and restaurants, 
sports facilities, wholesale and retail trade services buildings, and other types of energy 
consuming buildings). In case of building renovation, a set of packages and solutions for the 
building envelope and the HVAC system, has to be assessed in terms of primary and final 
energy needs and life cycle costs by applying the principles outlined in the comparative 
methodology framework.  

As an example, for Italy, 12 existing residential reference buildings have been deduced from 
the IEE Project TABULA 10, i.e. 6 for Climatic Zone E (2101-3000 DD) and 6 for climatic zone 

B (601-900 DD) and a national working group coordinated by the National Energy Agency 
(ENEA) developed the methodology for defining the cost-optimal levels according to the 
specific national boundaries. 

               

Figure 98. Residential Building Typologies matrix for Italy10 and cost-optimal level for a single-family 

house in average climatic zone E11 

                                                

10 IEE Project TABULA - Typology Approach for Building Stock Energy Assessment. http://episcope.eu/iee-project/tabula/ 
11 ENEA – Working group for national implementation of EPBD. Comparative methodology for cost-optimality according to 
EPBD 2010/31/EU.  
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3.1.1 Energy performance requirements for building renovation  

According to the indications of the EPBD and the results of the cost-optimal analysis, the MSs 
have to establish minimum performance requirements in case of renovation. There are 
different approaches across Europe; in particular, some MSs set requirements only for those 
individual building components that are being replaced, while other MSs set requirements for 
the whole building.  

On the one hand, the component requirements are easy to explain, confirm and enforce, and 
offer the possibility for increased user acceptance. Nevertheless, this approach do not allow 
to verify the impact of the renovation on the final building performance. On the other hand, 
applying whole‐building requirements allow to evaluate the global performance of the 
buildings, avoiding costly energy measures, which may only have a small effect on the energy 
demand of the building.  

Figure 99 shows an overview of the countries at European level that adopts minimum 
performance requirements for the single elements and for the whole building. 

 

Figure 99. Number of MSs that set requirements for existing buildings subject to major renovation as 

whole building or component requirements12 

In addition, MSs adopt different indicators and units to evaluate the final building performance 
(e.g. Final or Primary Energy Demand [kWh/m2], CO2 emissions [kg CO2/m2]) thus it is difficult 
to compare the minimum requirements across Europe. 

Considering the envelope building properties, the approach for assessing the properties differs 
in case of: 

 Infiltration: some members established a compulsory tests and others quality certification 
of the elements 

 Thermal transmittance (U value): standard calculation and on-site measurements. 

 

Concerning the minimum requirements in case of HVAC system renovation, the EPBD adopts 
the term technical building system (TBS) in the recitals and Articles 1, 2, 8 and 11. Article 8 
calls for minimum standards for energy performance, installation, dimensioning, adjustment 
and control.  

In case of renovation of existing buildings, the original design information for TBSs is usually 
be available, nor are building data (in the form of dimensions, heat loss, etc.), thus, in the 

context of system replacement, it may be too difficult and time‐consuming to carry out a 
rigorous building + system design and performance evaluation. Therefore, MSs establishes 

                                                

12 Concerted Action EPBD 2016. 
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TBS requirements limited to performance and efficiency requirements for each individual 
component and subsystem (generation, distribution, control, emission). 

Even though the EPBD does not foresee any evaluation of the current performance of the 
buildings during operation, some MSs include in their legislation specific requirements to be 
verified through a post-occupancy evaluation. For example, in Sweden the monitoring of the 
current energy consumption for two years during building operation is mandatory, together with 
the comparison with the predicted ones. In order to take into account the impact of the users 
on the final building performance, an evaluation of the final range of variation of the current 
operation has to be performed during the design phase. 

3.2 Regulatory framework of photovoltaic systems 

Solar active systems in the building sector are regulated by norms at EU, national and regional 
level. Building Integrated solar photovoltaic systems as building elements, shall fulfil the 
requirements of the EC directives and, due to their nature of building elements, haveto be 
regarded as electronic devices and as a building products. The relevant EC directives for PV 
in buildings are:  

 Low Voltage Directive (LVD, 2006/95/EC);  

 Electromagnetic Compatibility Directive (EMCD, 2004/108/EC);  

 Construction Products Directive (CPD, 89/106/EEC);  

 Energy Performance of Buildings Directive (EPBD, 2002/91/EC);  

 Energy Efficiency Directive (EED –2012/27/EU).  

 

Of interest for the framework of the project BuildHEAT is the current recast of the various 
Directives which was published within the Winter Energy Package in December 2016. The 
main points concerned to the use of RES at building level are related to: 

 

Electricity directive: 

(26) All customer groups (industrial, commercial and households) should have access to the 
energy markets to trade their flexibility and self-generated electricity. Customers should be 
allowed to make full use of the advantages of aggregation of production and supply over larger 
regions and benefit from cross-border competition. Aggregators are likely to play an important 
role as intermediaries between customer groups and the market. Transparent and fair rules 
should be established to also allow independent aggregators to fulfil this role. Products should 
be defined on all organised energy markets, including ancillary services and capacity markets 
so as to encourage the participation of demand response. 

(29) Consumers should be able to consume, store and/or sell self-generated electricity to the 
market. New technology developments will facilitate these activities in the future. However, 
existing legal and commercial barriers exist including for example disproportionate fees for 
internally consumed electricity, obligations to feed self- generated electricity to the energy 
system, administrative burdens such as for self- generators who sell electricity to the system 
to comply with the requirements for suppliers, etc. All these obstacles that prevent consumers 
from self-generating and from consuming, storing or selling self-generated electricity to the 
market should be removed while it should be ensured that self-generating consumers 
contribute adequately to system costs. 
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Member States shall ensure that final customers are entitled to generate, store, consume and 
sell self-generated electricity in all organised markets either individually or through aggregators 
without being subject to disproportionately burdensome procedures and charges that are not 
cost reflective. 

 

Renewable energy directive: 

(2) Member States shall ensure that renewable self-consumers living in the same multi-
apartment block, or located in the same commercial, or shared services, site or closed 
distribution system, are allowed to jointly engage in self-consumption as if they were an 
individual renewable self-consumer.  

3.2.1 Technical norms 

Different European norms deal with the certification of photovoltaic modules. The most 
important standards are the following: 

 IEC 61215: “Crystalline silicon terrestrial photovoltaic (PV) Modules - Design qualification 
and type approval” referred to the crystalline silicon PV modules that are not subjected to 
an intense sunlight. 

 IEC 61646: “Thin-film terrestrial photovoltaic (PV) modules - Design qualification and type 
approval “defines the qualification of the conception and the homologation related to the 
PV modules realized by using thin layers. This standard must be applied to flat plate 
equipment that is not treated by IEC 61215.  

 IEC 61730/EN 61730 “Photovoltaic (PV) module safety qualification” has been issued to 
expand the tests about the PV modules safety against electrical shock hazard, fire hazard, 
mechanical and structural safety.  

 

The international standards IEC 61215 and IEC 61646 include the examination of all 
parameters, which are responsible for the ageing of PV modules. A new version of IEC 61215, 
integrating both standards is actually under development. The International Electrotechnical 
Commission (IEC) has in fact released new editions of IEC 61215, standards for “Terrestrial 
photovoltaic (PV) modules – Design qualification and type approval.” Part 1 deals with test 
requirements, Part 1-1 handles special requirements for testing of crystalline silicon 
photovoltaic (PV) modules, and Part 2 describes test procedures. 

EN 61730 international standard is realized in order to respect the same sequence of tests 
already defined for IEC 61215 and IEC 61646. Thus, the same sampling procedure can be 
used to evaluate the performances and the security conditions of the PV modules. The main 
goal of this standard is to define the fundamental needs for different application classes of PV 
modules but it is not able to cover all national and regional construction codes.  

These standards are from the IEC and cover only PV modules, and the measurement of their 
performance. When PV modules are installed on buildings and they replace the functionalities 
of the building element, Building Integrated PV modules have also to follow some building 
requirements.  

From the beginning of 2016, EN 50583 (“Photovoltaics in buildings”) sets out the requirements 
for photovoltaic components used in the building envelope. The first part of this standard 
applies to photovoltaic modules and the second one applies to photovoltaic systems that are 
integrated into buildings with the photovoltaic modules used as construction products.  



 

 

www.BuildHEAT.eu  Page 59 of 128 

EN 50583 focuses on the properties of photovoltaic modules and systems relevant to essential 
building requirements as specified in the European Construction Product Regulation CPR 
89/106/EEC, and the applicable electro-technical requirements as stated in the Low Voltage 
Directive 2006/95/EC / or CENELEC standards.  

Concerning electric installations, the framework of the laws, norms, directives and provisions 
is quite complex and articulated and depends on the country. It can be divided substantially in 
two main different directions that are interesting for the development of the PV technology:  

 Laws/provisions/norms related to the link between the PV system and the electric grid.  

 Security conditions that characterize installation of the PV systems and their utilization.  

3.3 Regulatory framework of solar thermal systems 

Solar thermal systems installed onto residential buildings are self-standing plants that 
generally do not interact with networks. Therefore, regulations are mainly devoted to elaborate 
quality assurance measures, ensuring that the cheapest possible solution will provide 
convenient solar energy for a long time. Quality assurance measures should cover the 
following areas:  

 Components and system configurations  

 Installation works, guarantee and after sale service  

 Operation control  

 Third party assessing a sample of the systems installed  

 

In the solar thermal sector, the quality assurance refers mostly to components and system 
configuration, while national schemes are in an advanced status of elaboration with respect to 
the definition of installation work certification schemes. 

With regard to the first topic (quality assurance of components and system configuration), the 
main features regulated are the performance, durability and safety of the components and of 
the system configuration. These features are covered by European standards for solar 
collectors (EN 12975) and for factory made systems, i.e. kits including all components that only 
have to be assembled on the spot (EN 12976). The norms not only define performance figures 
but also prescribe calculation and test methods necessary for the assessment of the above 
performance. 

The EN 12977 standard describes reliability, safety and durability requirements for custom-
made systems, together with system design rules and energy performance calculation 
procedures. 

Together with the above obligations, in the last years the voluntary certification Solar Keymark 
has became a typical requirement in many European Member States, since fiscal incentives 
are subject to retrieval of such certification.  

The Solar Keymark is a third-party European mark developed by CEN (European Committee 
for Standardization). It certifies compliance with one of the two-abovementioned standards. It 
offers higher benefits reliability than ordinary EN test certificates: the user can be ensured that 
the marked products sold are equal to those tested, because the latter are randomly taken 
from the production line by inspectors from accredited test institutes. Furthermore, the 
Keymark requires the existence of a quality management system comparable to ISO 9000.  
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A wide range of information on the Solar Keymark and on the marked collectors is publicly 
available on the websites of the accredited test institutes []. 

As of 26 September 2015, all newly installed space heating and water heating systems have 
to be supplied with energy efficiency labels in all EU-member states. Energy labels for heating 
devices adopt the well-known colourful scales of G (red) to A+++ (green) and provide 
orientation for the consumer on energy efficiency of heating devices. This scheme follows other 
successful energy efficiency labels for washing machines, fridges and air conditioning. The 
new labels can have a strong marketing effect in the decision making process. Manufacturers 
and installers will issue the label prior to the sale and thus facilitate consumer decision. 

The new labels are the product of entering into force of requirements for space heaters and 
water heaters within the framework of two European Directives, the Ecodesign and Energy 
Labelling Directives. These reflect the Commission’s goal towards reducing the energy 
consumed by products, at the design, manufacture stage and operation stage. The Ecodesign 
Directive sets minimum performance criteria for products and Energy Labelling aims at 
providing the end-consumers with better and more information regarding the products energy 
performance. 

The introduction of the energy efficiency requirements for space heaters and water heaters 
bring also an innovation in terms of energy labelling. For the first time, a new type of label 
appeared in the market: the package label. This package label allows all consumer to have an 
indication of the energy efficiency of a system combining several devices. Furthermore, this 
package label illustrates the overall efficiency of the system when combined with renewable 
energy systems, such as solar thermal13. 

The quality of the installation is essential for the correct functioning of a solar system. 
Installation mistakes are the most frequent cause of failures. The industry is developing more 
and more kit solutions, thus strongly reducing the complexity of the installation and the possible 
mistakes. However, some specific know-how is necessary. Therefore, the qualification of the 
installers is key.  

The package label procedure establishes that, if the heating system contains different 
products, whoever puts that package together, is responsible for providing a package label 
when combining a heating appliance with a temperature control and/or solar device, hot water 
storage tank or a supplementary heating appliance. This indeed distributes responsibility on 
system reliability and duration over the whole value chain – form the manufacturer to the 
installer – and requires that qualified installers are trained. National professional associations 
are moving in this direction, and higher education training courses are being developed. 

Operation control and third party assessing systems are only occasionally implemented. 
Monitoring devices are usually expensive compared to the overall investment costs and so are 
costs related to personnel assessing monitoring data. The same holds for third party personnel 
assessing the effective operation of the systems installed a few years after the commissioning. 

France is particularly advanced in this regard, since ADEME promotes both monitoring 
programs and inspection schemes. Within the QUALISOL scheme, after having followed a 
training course, the certified installers know that some of the systems they install may be 
checked by an expert. In case of repeated quality problems, the sanction faced by the installer 
is the withdrawal of its QUALISOL certification, leading the installer out of the solar market, 
since the use of a QUALISOL certified installer is a precondition for receiving a financial 
incentive. 

                                                

13 Label Pack A+, http://www.label-pack-a-plus.eu/uk/ 
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3.4 France 

3.4.1 Energy Efficiency  

The French Ministry of Ecology and Ministry of Housing are the responsible bodies for the 
implementation of the Energy Performance of Buildings Directive (EPBD).  

The RT 2005 (Réglementation Thermique 200514) introduced in 2006, was the first thermal 
regulation to answer the EPBD requests. The RT 2005 set maximum energy consumption and 
minimum requirements for the building elements like envelope insulation and Heating 
Ventilation and Air-Conditioning (HVAC) systems for all new buildings. 

In 2013 come into force the RT 2012 (Réglementation Thermique 201215), which replaced the 
RT 2005. The new regulation asks to all new buildings to be at the level of nearly Zero-Energy 
Buildings (nZEB). Therefore, the next thermal regulation, which is expected for 2018, will be 
more ambitious and it is expected that all new buildings would then be “positive energy 
buildings”.  

Concerning existing buildings, there are two main references: 

 “RT par élément” (Regulation by Building component16), published in 2007; 

 “RT global” (Global Thermal Regulation17), introduced in 2008. 

 

National Energy Renovation Strategy 

With regard to the Article 4 of the EED, the French government set some measures up for 
residential and non-residential with a view to promote thermal renovation. 

The National Plan for Housing Thermal Renovation, which was launched in 2013, is based on 
3 pillars: 

 Assisting private individuals with free independent advice; 

 Improving financing thanks to optimised grants based on households incomes; 

 Raising the skills of the construction sector to handle the cost and quality of the renovation. 

 

Local authorities made more than 80 projects proposals thanks to this national plan. Besides, 
there will be financial support to owners whose renovations are made by qualified workers and 
a fund for guarantee loans will be established to reimburse banks in case of non-payment. 

France decided for an alternative option to implement the Article 5 of the EED. In particular, 
the laws “Grenelle de l’Environment”, which were voted in 2009 and 2010, foreseen a 40% 
primary energy reduction until 2020 for all the buildings owned by the French Government, 
which is a more ambitious goal than the 3% proposed in the EED. 

To reach this objective, 3 kinds of actions are foreseen: 

 Renovation carried out by French authorities; 

                                                

14 http://www.rt-batiment.fr/fileadmin/documents/RT2005/publications/rt2005_version09102006.pdf 
15 http://www.rt-batiment.fr/batiments-neufs/reglementation-thermique-2012/presentation.html 
16 http://www.rt-batiment.fr/batiments-existants/rt-existant-par-element/presentation.html 
17 http://www.rt-batiment.fr/batiments-existants/rt-existant-dispositif-general/presentation-generale-
dispositif.html 
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 An improvement of the building use; 

 Selling the unused buildings in order to have them renovated by a private property owner. 

 

Energy Performance Requirements 

For new residential and non-residential buildings, the RT 2012 establishes three performance 
requirements on: 

 Minimum energy efficiency of buildings, with limitations on energy demand for heating, 
cooling and lighting and based on the bioclimatic conception (Bbio) of the project, which 
has to be lower than Bbiomax; 

 Primary energy consumption limitation (Cpe) for heating, cooling, Domestic Hot Water 
(DHW), lighting and auxiliaries, which has to be lower than Cpemax; 

 Summer comfort, where the ambient indoor temperature of the building reached after the 
5 hottest days of the year (Tic) has to be lower than a maximum reference value (Ticref). 

 

The three coefficients are calculated with TH-BCE calculation tool18, which is a dynamic hourly 
methodology able to describe the building components like the building envelope and the 
energy systems.  

Bbiomax and Cpemax are absolute values based on standard benchmarks depending on the 
building type (Table 2) and Qualified Experts have to check on-site the airtightness of the 
buildings, which cannot exceed 0.6 (m³/h)/m² for single-family houses and 1 (m³/h)/m² for 
apartment buildings. Besides, there are also requirements about the use of renewable energy, 
like minimum 2 m² for solar panels, but it any case it should amount at least 5 kWhEP/m² year. 

 

Table 2: Bbiomax and Cpemax for various new buildings' typologies.  Source: Concerted Action. 

  Bbiomax Cpe max 

(KWh/m² year) 

Individual House EC1 60 50 

EC2 80 60 

Apartment Building EC1 60 90 

EC2 90 105 

Office Building EC1 70 70 

EC2 140 110 

Secondary Education (Day Time) EC1 40 55 

EC2 50 70 

Secondary Education (Night Time) EC1 60 90 

EC2 90 105 

                                                

18 www.rtbatiment.fr/batimentsneufs/reglementationthermique2012/logicielsdapplication.html 
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Shop EC1 140 320 

EC2 250 520 

Catering 2 meals/day 6 days a week EC1 75 110 

EC2 85 125 

Hospital (Day Time) EC1 230 270 

EC2 270 330 

Hospital (Night Time) EC1 120 130 

EC2 180 190 

EC1 : Air-Conditioning not required 
EC2 : Air-Conditioning required 
Bbiomax : Maximum Bioclimatic need (without unity) 
Cpemax : Maximum primary energy consumption 

 

Concerning existing buildings, there are two regulations (Regulation by Building Components 
and Global Thermal Regulation) that should be applied depending on the size and extent of 
the renovation, as shown in Figure 100. The energy performance is calculated with an hourly 
methodology (TH-CE ex). 

 

 

Figure 100: Thermal Regulations for existing buildings. Source: Concerted Action 
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Minimum requirements for the components 

The Regulation by Building Components fixes minimum requirements for the different 
components (Table 3), while the Global Thermal Regulation is based on overall consumption 
with minimum requirements for each component of the building. 

 

Table 3: Some requirements for existing buildings in the Regulation by Building Components. Source: 
Concerted Action. 

Component Climatic zone Minimum requirement 

Insulation materials of 
external opaque walls 

H1, H2 U = 0.435 W/m² K 

H3 U = 0.5 W/m² K 

Glazing H1, H2, H3 U = 2 W/m² K 

Boiler H1, H2, H3 Minimal efficiency from 89.0% to 90.9% for a 
nominal power from 20 to 400 kW 

Minimal efficiency over 90.9% for a nominal power 
over 400 kW 

 

Cost-optimal procedure for setting energy performance requirements 

In new residential buildings and based on a sample of 6 buildings (3 individual houses and 3 
apartment buildings), the mean value of maximum primary energy consumption (Cpermax) has 
been calculated to 54 kWh/m² year. To assess the cost-optimal level, about 140 calculations 
were done for 4 construction packages in 3 different climates, besides the costs were 
calculated from the macroeconomic and financial point of view. The cost optimal level obtained 
is between 59.4 kWh/m² year and 84.1 kWh/m² year, as shown in Figure 101.  

 

Figure 101: Cost-optimality curve for one type of new individual house - primary energy. Source: 
Concerted Action. 

For existing residential buildings, it was considered a sample of 10 buildings (4 individual 
houses and 6 apartment buildings) and about 260 calculations were done considering 6 
different improvement packages.  
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In the case of Global Thermal Regulation, the mean maximum consumption was  
134.2 kWh/m² year, while the cost-optimal level is between 118.2 kWh/m² year and 130.1 
kWh/m² year. In the case of the Regulation by Building Component, the mean maximum 
consumption is 133.1 kWh/m² year, while the cost-optimal level is between 105.5 kWh/m² year 
and 124.6 kWh/m² year. 

The methodology used for new non-residential buildings and existing non-residential buildings 
was the same. The sample consist of 12 buildings (4 new buildings and 8 existing ones), with 
10 improvement packages. Nevertheless, no consistent results of cost-optimal levels were 
obtained, as shown in Figure 102. 

 

Figure 102: Cost-optimality curve for a non-residential building (office building) - primary energy. Source: 
Concerted Action. 

3.4.2 Photovoltaic systems 

The roll-out of PV has been mainly driven by FiTs and tender based business models. Rather 
low residential electricity prices and high costs for residential and commercial BIPV systems 
have so far restrained self-consumption. This might change with the recent tender program for 
PV systems with battery storage which should support the introduction of self-consumption 
especially in the overseas departments and Corsica.  

Electricity producers are contractually entitled to the connection of renewable energy plants to 
the grid (art. L111-91 Code de l'énergie) where the grid operator is obliged to import all 
electricity produced by renewable energy plants. In particular, each region has to develop a 
plan for the connection of renewable energy plants to the grid and submit it to the prefects of 
the region. This plan shall define the grid areas that need to be reinforced to reach the targets 
of the regional policy plan on climate, air and energy19. 

The connection of low voltage plants with a capacity of up to 36 kVA to a low-voltage grid 
requires the conclusion of an "all-in-one" agreement on connection to the grid, use of the grid 
and plant operation. 

                                                

19 http://www.res-legal.eu/home/ 



 

 

www.BuildHEAT.eu  Page 66 of 128 

3.4.3 Solar thermal systems 

There are no specific obligations in terms of using solar thermal collectors in France. However, 
this can be required indirectly through the energetic performance obligations stated in RT 
2012.  

In addition to this, France is involved in extensive certification campaigns towards 
professionals and installers. The main French certification organisation AFNOR (Association 
Francaise de Normalisation) delivers a certification label for heat pumps called NF414 ensuring 
their compliance to the French and European standards as well as to technical and energetic 
performance requirements set by the NF414 Committee. The label is granted the manufacturer 
of following installations upon acceptation of their application: 

 solar water heaters 

 biomass installations using wood charcoal, wood fuel, wood briquettes and wood pellets 

 heat pumps including aerothermal and geothermal heat pumps. 

 

The non-profit organisation Qualibat was established in order to assess the activities and 
professional competence of companies working in the construction sector. Qualibat does not 
provide training programmes for installers; however it grants qualifications to professionals of 
the building trade, including installers of renewable energy devices. The qualification attribution 
is conditioned to the acceptation of an application and to the satisfaction of legal and 
administrative, technical as well as financial requirements. Once the company is certified, it 
shall lend itself to control procedures approximately every two years. 

Qualibat grants certification to the professional installers of photovoltaic, solar thermal, 
geothermal and biomass devices. 

3.4.4 Incentives 

The French government has introduced a national programme to support households with low 
income in the thermal renovation of buildings to decrease energy. Moreover, the production of 
heat from renewable energy sources is promoted through several tax incentives. Persons 
investing in renewable energy plants are eligible for an income tax credit (Crédit d'Impôt). 
Furthermore, The zero percent-interest loan has been introduced for housing renovation within 
the frame of the “Grenelle de l´Environnement” Summit. It allows the financing of work aiming 
at improving the energy performance of the housing without paying a cash advance and 
without paying interests 

Finally, the generation of electricity from certain renewable energy sources is promoted 
through a feed-in tariff scheme. These supporting schemes and other incentives are briefly 
presented and discussed.  

 

Tax Credit for Energy Efficiency in Buildings20 

The Energy Transition Tax Credit (CITE - Crédit d'impôt pour la transition énergétique) is a tax 
credit for expenditures made by the taxpayers for the environmental quality of their dwellings. 
The tax credit is available for tenants, owners or occupants free of charge of their main house. 
Tax credit is allowed if dwelling meet two conditions:  

                                                

20 https://www.service-public.fr/particuliers/vosdroits/F1224 
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 the dwelling is the main home  

 the home must be at least 2 years old. 

 

Table 4 - Eligible works for Energy Transition Tax Credit programme 

Type of work Equipment 

Energy Saving High energy efficiency boiler  

Condensing boiler 

Boiler for micro-cogeneration  

Heating control unit 

Thermal Insulation Thermal insulation materials for opaque 
surface (floor, ceiling, wall, roof) 

Thermal insulation materials for transparent 
surface (windows, French windows, etc.) 

Insulated shutter 

Entrance door 

Insulation materials 

Energy production equipment using a 
renewable energy source 

Equipment for producing heat or domestic 
hot water (solar or hydraulic) 

System to supply electricity from wind  

Electricity supply system (hydropower or 
biomass) 

Heat pump (excluding air to air 
technologies) to produce heat or domestic 
hot water 

Other expenses Equipment for connection to a heating 
network 

Diagnosis of dwelling energy performance 

Charging station for electric vehicles 

Individual counter for heating and hot water 
sanitary 

 

The eligible works in Table 4 can obtain a tax credit of 30% of the eligible expenditure 
(excluding labour, exceptions). However, the maximum amount of investment that can obtain 
the tax credit is fixed at:  

 € 8,000 for a single person, widowed or divorced 

 € 16,000 for a couple subject to common taxation 
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This amount is increased by 400 € per dependent. This limit is assessed over a period of 5 
consecutive years. 

 

Interest free loan for energy efficiency21 

The interest free eco-loan (éco-prêt à taux zéro) finances the energy renovation works of the 
dwellings. This loan can be granted to the owner or lessor or co-owner living in an old dwelling 
until 31 December 2018. Moreover, the loan can be granted to dwellings built before 1990 and 
occupied as main home.  

The maximum amount awarded is € 30,000, repayable without interest. A second eco-PTZ 
can be requested for the same dwelling, until December 31, 2018. This loan must finance other 
works than those financed by the first eco-PTZ. The sum of the two eco-PTZs must not exceed 
€ 30,000. The request for a complementary eco-PTZ is only possible within 3 years from the 
issue of the first eco-PTZ offer. When a supplementary eco-PTZ is requested, a certificate 
must be provided to the bank as a proof for the closure of the first eco-PTZ.  

The eligible works for the free eco-loan are: 

 At least two of the six following works: 

 Thermal insulation of the roof 

 Thermal insulation of at least half of the surface of the walls facing the outside, 

 Thermal insulation of at least half of the windows and replacement of exterior doors, 

 Installation, regulation or replacement of heating or domestic hot water heating 
systems, 

 Installation of heating equipment using a renewable energy source, 

 Installation of hot water production equipment using a renewable energy source. 

 The renovation of the sanitation system of the dwelling by means of devices that do not 
consume energy 

 Works to reach a minimum energy performance of dwelling calculated by means of a 
thermal study of an engineering office. The minimum level is fixed at 150 kWh/m²/y if the 
energy consumption before the work is greater than or equal to 180 kWh/m²/y. Instead, a 
limit of 80 kWh/m²/y is fixed if consumption is less than 180 kWh/m²/y. The energy 
performance calculation is needed only if the dwelling was built after 1947.  

 

PV Installations 

The development of PV installations in France is based on two main incentive schemes FiTs 
and tendering. FiTs are valid for 20 years. They vary by type of building, type of system design 
and PV system capacity. The tariff scheme is divided into three categories: fully BIPV, 
simplified BIPV and other rooftop or ground mounted systems. The requirements for BIPV 
rooftop systems increase the complexity and cost of the systems and enjoy a unique place in 
the European regulatory environment. The FiT scheme is constantly adjusted on a quarterly 
basis22. PV systems investments above 100 kWp are incentivized by three different tender 
programs. 

                                                

21 https://www.service-public.fr/particuliers/vosdroits/F19905 
22 Wenzel, T., Hanewinkel, N., "Market Info France - Photovoltaics," Berlin, Deutsche Energie Agentur GmbH, 2014 
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The European State Aid Guidelines require that renewable energy be progressively exposed 
to market competition. Within this context, the Act on Energy Transition for Green Growth from 
17 August 2015 introduced a thorough reshaping of the existing support schemes for 
renewable energies. To this end, the feed-in tariffs, which constituted the main support 
mechanism so far, shall progressively be replaced with the so-called “compensation 
mechanism”. 

Another important change was introduced by the Act on Energy Transition in favour of a more 
flexible electricity market in France: Renewable energy producers are no longer obliged to sell 
their electricity exclusively to the national electricity suppliers. The regulation namely extends 
the management of the purchase obligation of electricity to other operators than EDF or local 
distribution companies (Art. L314-6-1, Code de l’Énergie). 

 

Heat Fund23 

The fund finances RES installations for producing renewable heat in apartment blocks, tertiary, 
industrial and agricultural sectors. The fund enables heat generation by RES to be 
economically competitive compared to facilities which adopt fossil fuels. 

Presently two procedure allow to obtain assistance from the Heat Fund: 

 The national call for projects BCIAT (“Biomasse Chaleur Industrie Agriculture Tertiaire” – 
“Heat  from Biomass in Industry Tertiary Agriculture sectors”) for biomass plants of 
companies larger than 1000toe/year. 

 The regional aid scheme, where the roles to be entitled for grants are specified for each 
renewable energy sources (i.e. solar thermal, geothermal, biomass, etc.). The following 
technologies (not exhaustive) are eligible for the regional scheme: 

 The biomass plant installed in enterprises of less than or equal to 1,000 toe/year. 

 Aggregated installations of all sizes, using the following RES technologies: biomass 
(including biogas), solar thermal, geothermal or heat pumps, heat recovery (i.e. heat 
from industrial waste, industrial processes, etc.) and district heating network to 
transport heat generated by RES.  

Instead, the following applications (not exhaustive) are not eligible for the regional scheme: 

 Biomass plants of companies larger than 1000toe/year, since they are already included 
in the national call (BCIAT). 

 Projects subject to the 2012 Thermal Regulations in which the installation of renewable 
heat is needed for the respect of the Thermal Regulation itself. 

 The renovation of renewable energy equipment and district heating networks (except 
in the case of additional production of renewable energy, where the grant is calculated 
on the basis of this additional production) 

 

The grant is calculated by means of two different methodology: 

 Flat-rate support for small and medium-sized projects. 

                                                

23 http://www.ademe.fr/sites/default/files/assets/documents/instruct_generales_fds_chal_2017_06-04-17.pdf 
and http://www.ademe.fr/expertises/energies-renouvelables-enr-production-reseaux-stockage/passer-a-
laction/produire-chaleur/fonds-chaleur-bref 
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 The support is based on the economic analysis for the other size projects. 

 

However, specific and further details concerning the grant achievable by the different RES 
technologies involved in the Heat Fund can be found in the French Environment and Energy 
Management Agency (ADEME)24.  

 

White Certificates25 

The White Certificates Trading programme in France is currently in force for suppliers of energy 
(electricity, gas, heating oil, LPG, heat, refrigeration) which have to meet government-
mandated targets for energy savings in residential and tertiary sectors. However, the suppliers 
are free to select the actions to meet their objectives like, for example, informing customers 
how to reduce energy consumption, running promotional programmes or providing incentives 
to customers. A list of ratified activities was introduced to help the various actors to facilitate 
the operations. Suppliers exceeding their objectives can trade energy savings certificates with 
ones undercutting their objectives, as required for common compliance. Energy suppliers who 
do not respect their obligation over the period must pay a penalty of 0.02€/kWh. Lump 
evaluation of energy savings are established for each process, expressed in kWh of final 
energy, cumulated and present-worthed over the life of the product. 

In 2014, decrees and orders regarding the 3rd period of the White Certificate Scheme were 
published. The 3rd period started on the 1st of January 2015, with an objective of 700 TWh 
saved within period. 

3.5 Germany 

3.5.1 Energy Efficiency  

The Energy Saving Act26 is the most important instrument of the German legal framework for 
energy efficiency. It was introduced in 1976 and has been amended several times to meet the 
political needs.  

At the end of the 1990s, the German Federal Government issued the first Energy Saving 
Ordinance (“Energieeinsparverordnung” – EnEv27), which came into force in 2002 and it 
included ordinances on thermal insulation and heating appliances. The EnEv specifies the 
minimum energy performance requirements, while the Renewable Energies Heat Act sets the 
use of renewable energy for new buildings and refurbished public buildings. 

In November 2013, the Energy Saving Act was extended to cover some parts of the EPBD 
implementation. It does not contain detailed requirements, but it is the basis for governmental 
ordinances. Besides, it includes verbal requirements in accordance with the Directive 
2010/31/EU to implement the nZEB provisions, leaving specifications to be developed by an 
ordinance foreseen by 2017.  

                                                

24 http://www.ademe.fr/expertises/energies-renouvelables-enr-production-reseaux-stockage/passer-a-
laction/produire-chaleur/fonds-chaleur-bref 
25 https://www.iea.org/policiesandmeasures/pams/france/name-22969-en.php 
26 Federal Republic of Germany: Law for energy savings. Gesetz zur Einsparung von Energie in Gebäuden 
(Energieeinsparungsgesetz - EnEG). 1976. 
27 Federal Republic of Germany: Law for energy savings. Gesetz zur Einsparung von Energie in Gebäuden 
(Energieeinsparungsgesetz - EnEG). 1976. http://www.gesetze-im-internet.de/eneg/BJNR018730976.html 
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National Energy Renovation Strategy 

Concerting the Article 4 of the Energy Efficiency Directive (EDD), the German Federal 
Government submitted to the commission a report containing the first approach of the strategy, 
including the overview of the national building stock and the evidence-based estimate of 
expected energy savings and benefits. The results from the National Energy Efficiency Action 
Plan (NEEAP28) calculations are shown in Table 5.  

 

Table 5: From German report to EED Article 4: Evidence-based estimate of expected energy savings (inm 
accordance with the German NEEAP). Source: Concerted Action. 

Timeframe 1995- 
2007 

2008-
2010 

2008-
2013 

2008-
2016 

2008-
2020 

Measure (Cumulated) Savings of annual energy 
demand [PJ/year] 

Energy Saving Ordinance (residential) 128 27 67 108 162 

Energy Saving Ordinance (non-residential) 63 9 25 35 53 

KfW-Funding Programs 

  CO2-building renovation 17 7 7 7 7 

  Energy-efficient renovation - 16 32 50 70 

  Eco-Plus - 4 4 4 4 

  Energy-efficient construction - 2 4 6 9 

  Eco-construction 1 1 1 1 1 

BAFA-Funding Programs 

  Market incentives for RES (“MAP”) 10 8 11 14 21 

  En. Consulting (“Vor-Ort Beratung”) 1 1 1 2 3 

Activities oft he Regions („Länder“) 1 2 3 5 7 

Total 228 77 153 232 337 
 

The strategy of the government to improve the building stock in Germany is based on three 
pillars to enhance market power: 

 Requirements; 

 Funding; 

 Information. 

 

The effects of the requirements and funding are calculated for different periods, but the impact 
of information campaigns is difficult to assess. Besides, in the residential sector some 
difficulties were found due to the landlord-tenant dilemma and because a big part of the heat 
transmitting surface element have already been refurbished in the past.  

                                                

28 3rd National Energy Efficiency Action Plan (NEEAP) 2014 for the Federal Republic of Germany. 
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Energy performance requirements 

Energy performance requirements for buildings are subject to the Energy Saving Ordinance 
(EnEV) since 2002 and it was amended in 2004, 2007, 2009 and 2013. The last two 
amendments include significant reinforcement of requirements. The most recent (November 
201329) foresees a methodical adoption of recent technical procedures and developments 
concerning climate and primary energy factors.  

In Germany, the calculation procedures take into account thermal bridges, infiltration, shading 
and several different sets of indoor conditions including thermal comfort, lighting comfort and 
air exchange rates. Besides, the current EnEV introduces tighter requirements and the 
buildings’ primary energy demand may not exceed 75% of a reference building (Table 6).  

 

Table 6: Technical characteristics of the reference residential buildings. Source: Concerted Action 

Component Reference design / value 2nd requirement 

Strengthening factor January 
2016 

Qp,max,2016 = 0.75 * Q p,ref,2009 H’T,max,2016 = 1.0 * H’ T,ref,2009 

Reference 2009 

External walls, Floors U = 0.28 W/m² K H’T,max,2009 = 1.25 * H’ T,ref,2009 

[requirement 2009 is legally 
defined by tabled values 
according to situation and 
size of the building] 

Floor, basement structural 
element 

U = 0.35 W/m² K 

Roof, upper ceiling U = 0.2 W/m² K 

Windows incl. French 
windows 

U = 1.3 W/m² K  

(Skylight U = 1.4 W/m² K) 

Entrance doors U = 1.8 W/m² K 

Boilers Condensing boilers Requirements for pipe 
insulation and controls 

Hot water Central, with solar system 

Cooling None Thermal protection in 
summer 

Ventilation Central exhaust fan, 
demand-controlled 

Large systems: SFPmax’ heat 
recovery 

 

The Renewable Energy Heat Act (2009) included an additional requirement for new buildings. 
And the amendment in 2011 introduced provisions for the use of energy from renewable 
sources in major renovations of public buildings. The exact share of renewable energy 
depends on the chosen energy source (e.g. 15% for solar thermal power or 50% in the case 
of geothermal heat). 

The requirements for new buildings are fixed by comparing the building with its corresponding 
reference building, which is identical in terms of geometry, size, orientation and use, but 
constructed with components and technical systems presented in the annex of the ordinance 

                                                

29 Federal Republic of Germany: Second Ordinance amending the Energy Saving Ordinance (EnEV 2013). 
http://www.bbsr-energieeinsparung.de/EnEVPortal/EN/EnEV/EnEV2013/EnEV2013_node.html 
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(Table 6). The maximum primary energy demand of the building cannot exceed the primary 
energy demand of the reference building.  

In the case of residential buildings, the EnEV gives the possibility to choice between two 
steady-state calculations methods: 

 DIN V 4108-6 combined with DN V 4701-10;  

 Or the more recent DIN V 18599. 

 

Besides, new residential buildings must meet several additional specifications, (i.e. a 
requirement), which limits the average specific heat transmission coefficient, and the summer 
comfort provisions. 

Concerning new non-residential buildings, the requirements follow a similar approach as for 
residential ones, but it includes some differences. In particular, lighting and the description of 
the reference building is quite extensive concerning ventilation and air-conditioning.  

 

Minimum requirements for the components 

With regard to existing buildings, there are two types of requirements; some are mandatory in 
major renovations (conditional) and other are mandatory even without any renovation 
(retrofitting obligations). The first requirements in Table 7 are for defined cases, like first-time 
installation or certain refurbishment measures applied to more than 10% of a building 
component. The requirements extend exclusively to the part of the building element that is 
subject of the measure. Concerning the retrofitting obligations, the upper ceiling has to be 
insulated if the roof above and the upper ceiling itself are not yet insulated to a minimum value. 

 

Table 7: U-values in case of refurbishment (component requirement). Source: Concerted Action 

Refurbished external structural element Maximum heat transmission coefficient U 
(normal internal temperatures) [W/m² K] 

External walls 0.24 

Windows 

Windows with special glazing 

Glazing 

1.3 

2.0 

1.1 

Curtain walls 

Curtain walls with special glazing 

1.5 

2.3 

Top floor ceilings, 

Steep roofs 

0.24 

0.241 

Flat roofs 0.20 

Ground floors, cellar ceilings 

Ground floor towards outside air 

Ground-covered walls 

Floor screeds 

0.30 ² 

0.24 ² 

0.30 ² 

0.50 
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1 alternative: space between rafters completely filled with insulation with a conductivity of λ 
≤ 0.35 W/m K 

2 measures on cold side 

 

In relation to requirements in existing non-residential buildings, these are not very different 
from the requirements in residential buildings. There are few exemptions for non-residential 
buildings elements, but these elements are not common in residential buildings like curtain 
walls or revolving doors. 

 

Cost-optimal procedure for setting energy performance requirements 

The cost-optimal calculation for new buildings in Germany reflects that the requirements 
introduced for 2016 exceed the cost-optimal level. Six representative model buildings with a 
number of different solutions were used to calculate the cost-optimal level. The solutions 
considered different components (thermal envelope or technical systems) and typical solutions 
from current funding schemes were included.  
 

Table 8: Example (semi-detached residential building) for the determination of the cost-optimal level for 
component requirement (outer walls) dependent on a choice of combinations with heat generators 

("packages"). Source: concerted Action. 

Requirements for refurbished outer walls (example: semi-detached residential building) 

Heat generator u-value Overall costs Primary energy demand 

Calculation 
result 

+15%* 

[W/m² K] [€/m²] [kWh/m² year] 

Condensing 
boiler 

0.24** 275 106 122 

0.20 276 105  

0.16 277 104  

0.12 282 102  

Heat pump (air - 
water) 

0.24 357 99  

0.20 356 98  

0.16 355 96 110 

0.12 358 95  

Wood pellet 
boiler 

0.24** 221 28 32 

0.20 222 28  

0.16 224 27  

0.12 229 27  

 Cost-optimal level 

* Margin for relevant deviations according to recital 14 EPBD 

** Cost optimal level considering technology-open heat supply 
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In the case of refurbishment of components, the cost-optimality of minimum requirements 
depends on the costs of heat, the heating system and the energy carrier. The calculation was 
done with packages of different refurbishment measures applied to a building component in 
connection with 3 typical and generally applicable heating systems. These packages were 
applied to 6 model buildings. The cost-optimal level proved to be only slightly stricter than the 
current level. The government stated that the current level should be considered as “cost-
optimal” and open to any technology, and a unique level of requirements for all buildings and 
heating systems lead to lower prices for the applied technical solutions. Examples are shown 
in Table 8. 

3.5.2 Photovoltaic systems 

The German Government is strongly supporting measures against climate change. With the 
support of EEG (Erneuerbare-Energien-Gesetz) Germany has become the global market 
leader in PV installations with a cumulative capacity of more than 40 GW. Since its peak in 
2012 the PV market has drastically declined and has dropped below the annual installation 
target corridor of 2.4-2.6 GWp. This is mainly due to massive reductions in FiTs and additional 
levies on self-consumption. New business models lead to further integration of PV with the 
existing energy markets. However, the adoption rate of new business models remains slow 
because of their growing complexity and limited profitability. However, an emerging market is 
represented by the use of battery storage systems which can significantly increase the degree 
of self-consumption. For the time being market growth is driven by a KfW (Kreditanstalt für 
Wiederaufbau) funding program. Battery prices in 2014 have dropped by 25%. Further price 
declines are expected to kick-start the PV + battery market in the coming years.  

 

 

Figure 103 - Average end customer price (net system price) for installed rooftop systems with rated 
nominal power from 10 - 100 kWp, data from BSW, plotted by PSE AG 30. 

                                                

30 https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/recent-facts-about-
photovoltaics-in-germany.pdf 
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The German PV market is in an advanced stage with a well-diversified portfolio of business 
models. Rapid growth was kick-started with the introduction of a remunerative national FiT 
scheme across all PV market segments. Self-consumption business models beyond socket 
parity are currently being introduced to the market, starting in the residential and followed by 
the commercial segment. However, this development has been significantly slowed down by 
the introduction of an EEG-levy on self-consumption in August 2014. In contrast, new business 
models are emerging under PPAs (Power Purchasing Agreements) with direct line customers, 
utilities or distribution system operators and virtual power plant operators. 

In Germany, plants for the generation of electricity from renewable sources have priority 
connection to the grid. Furthermore, grid operators are obliged to give priority to electricity from 
renewable sources when purchasing and transmitting electricity. Moreover, those interested in 
feeding in electricity may demand that the grid operator expands his grid. These special 
provisions are set out in the Act on Granting Priority to Renewable Energy Sources (EEG). 
Further general provisions on energy are stipulated in the Energy Industry Act (EnWG). 

Only certain elements of the process of connecting plants to low-voltage and high-voltage grids 
are set out by law31. Each grid operator may determine an individual connection process. For 
technical reasons, the grid connection process involves the following steps: 

Those interested in feeding in electricity apply for connection to the grid. The grid operator 
provides a precise timetable including the procedural steps for processing their connection 
requests and a list describing all information required by the grid operator to determine the grid 
connection points or to plan the expansion of the grid. Once the required information are 
submitted, the grid operator provides a timetable for establishing grid connection, all 
information required to test the grid connection point, and the grid system data required to test 
grid compatibility and the necessary information on the technical requirement s which the plant 
has to fulfil. 

Grid operators are entitled to take technical control over renewable energy plants that are 
equipped with a remote control device to avoid grid capacity shortage in the respective grid 
area including the upstream grid. Solar energy plants with a capacity of up to 100 kW can be 
curtailed only after the other installations have been curtailed.  

After the control measures, the grid operator has to inform the plant operator about the actual 
dates, the respective extent, the duration and the reasons for the assumption of technical 
control and, upon request, provide evidence that the measure was necessary. The operators 
of solar energy plants with a capacity of no more than 100 kW can be informed at least once 
a year about all control measures as long as the total duration of these measures did not 
exceed 15 hours per plant. Plant operators that were not able to feed in electricity to the extent 
agreed upon are entitled to compensation from the grid operator.  

The following additional technical requirements apply for solar installations: 

 Solar plants must feature the technical capacity of being remote-controlled for the case of 
network overload and of reporting in real-time the actual feed-in power (§9 par 1 and 2 
EEG 2017). 

 More solar installations, regardless of ownership, are considered one plant if they are on 
the same property or building and have been commissioned during 12 consequent 
calendar months. This consideration serves solely for the determination of the installed 
capacity (§9 par 3 EEG 2017). 

                                                

31 http://www.res-legal.eu/home/ 
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 Building-mounted systems must comply with additional pre-requirements depending on 
their nature (attached to or on top of building-roofs, facades, noise barriers, other 
buildings): (§ 48 par. 1, no.1, par 2 and 3 EEG 2017). 

 

In Germany inverters connected in low voltage need to be in compliance with the norm DIN 
VDE V 0126-1-1 “Automatic disconnection device between a generator and the public low-
voltage grid” and the tests are described in DIN VDE V 0124-100 “Grid integration of generator 
plants - Low-voltage - Test requirements for generator units to be connected to and operated 
in parallel with low-voltage distribution networks”. 

3.5.3 Solar thermal systems32 

Owners of new buildings and buildings under renovation are obliged to use a particular share 
of heat and cooling produced from renewable energy. The quota for heat and cooling produced 
from renewable energy varies according to renewable energy source and whether it is a new 
building or a retrofitted one. Solar thermal technologies therefore compete with other 
renewable energy sources. 

 

Solar thermal 

New buildings: The quota is fulfilled if the share is at least 15%. In case of buildings with 2 
flats, solar thermal installations should have 0.04 m² collector surface per m² floor space. For 
buildings with more than 2 flats the ratio is 0.03 m² collector surface per m² floor. 

Retrofit: The quota is fulfilled if the share of renewable energy is at least 15%. 

 

Biogas 

For new buildings, the quota is fulfilled if the share is at least 30% and produced in CHP 
installations. For retrofits, the quota is fulfilled if the RES share is at least 25% and produced 
in CHP installations or boilers of best available technique. 

 

Biomass 

New buildings: The quota is fulfilled if the share is at least 50%. 

 

Liquid biomass 

The quota for new buildings and renovation is fulfilled if heat or cooling is produced in boilers 
of best available technique.  

 

Solid biomass 

The quota for new buildings and renovation is fulfilled if transformation efficiency is not below 
a certain threshold (86% for installations for the production of heat or hot water with a capacity 
≤ 50 kW; 88% for installations with a capacity >50 kW; 70% for installations not serving the 

                                                

32 http://www.res-legal.eu/home/ 
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production of heat or hot water). Furthermore, the quota is fulfilled if solid biomass is used in 
biomass boilers or automatic biomass ovens with water as heat-transfer. 

For retrofits, the quota is fulfilled if the RES share is at least 15%. 

 

Geothermal 

New buildings: The quota is fulfilled if the share is at least 50% 

Retrofit: The quota (is fulfilled if the share of renewable energy is at least 15. 

3.5.4 Incentives 

In Germany, the Guidelines for the support of RES-H set out the Market Incentive Programme 
(MAP), stipulating support schemes for the promotion of heat produced from renewable 
energy. BAFA is providing investment support and KfW offers low-interest loans. Furthermore, 
electricity from renewable sources of small power plants up to 100 kW is still supported by a 
feed-in tariff. The criteria for eligibility and the tariff levels are set out in the Renewable Energy 
Sources Act (EEG 2017). Moreover, low interest loans for investments in new plants are 
provided for by different KfW-Programmes.  

Finally, energy retrofit in building is also supported by German government through grants and 
loans for energy renovation granted by the national German bank KfW. These supporting 
scheme are presented in the following subsections. 

 

Grants and Loans for energy efficiency33 

The households investing in energy-efficient refurbishment of residential building or dwellings 
can benefit of grants or loans capable to sustain the costs need to complete the renovation 
actions. The programme acted by the German bank KfW aims to reduce the energy 
consumption in residential buildings through energy-efficient renovation, that typically requires 
a significant expenditure to be completed. Substantially, the program sustains households by 
means of two different measures: loans with reduced interest rate, grants used to cover the 
capital costs of the investment.  

The following main energy-efficient measures can obtain these benefits: 

 Thermal insulation of walls, roof and floor space 

 Renewal of windows and exterior doors 

 Installation/renewal of a ventilation system/ventilation package 

 Renewal of the heating system/heating package 

 Optimisation of heat distribution for existing heating systems 

 

If the costs and effort of a complete refurbishment are too high it is also possible to implement 
single measures only.  

The grant is obtained by homeowners according to the reduction of the energy consumption 
achieved after the implementation of the energy-efficient measures. The reduction is evaluated 
by comparing the energy consumption of the renovated building with the energy consumption 

                                                

33 https://www.kfw.de/inlandsfoerderung/Privatpersonen/Bestandsimmobilie/ 
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of a comparable new house. KfW has defined six levels of support for a "KfW Efficiency 
House": 

1. KfW Efficiency House 55 

2. KfW Efficiency House 70 

3. KfW Efficiency House 85 

4. KfW Efficiency House 100 

5. KfW Efficiency House 115 

6. KfW Efficiency House Monument 

 

The above list indicates in percent how much of the maximum primary energy requirement 
specified by the Energy Conservation Regulations (EnEV) the house consumes. The best 
standard (55) receives the highest support. The grant provided by KfW per housing unit 
amounts to: 

 30% for a KfW Efficiency House 55, not more than EUR 30,000 

 25% for a KfW Efficiency House 70, with a maximum of 25,000€ per residential unit 

 20% for a KfW Efficiency House 85, with a maximum of 20,000€ per residential unit 

 17.5% for a KfW Efficiency House 100, with a maximum of 17,500€ per residential unit 

 15% for a KfW Efficiency House 115, with a maximum of 15,000€ per residential unit 

 15% for a KfW Efficiency House Monument, with a maximum of 15,000€ per residential 
unit 

 15% for a heating or ventilation package, with a maximum of 7,500€ per residential unit 

 10% for the implementation of individual measures, with a maximum of 5,000€ per 
residential unit 

 

The grant is directly transferred to the bank account of the homeowner after the installation of 
the refurbishment measures. 

Instead, the loan can be obtained up to 100,000 € with favourable interest rate from 1% per 
each housing unit for energy-efficient refurbishment combined to a repayment bonus 
calculated on the loan amount, as follows: 

 27.5% of the amount of the loan for a KfW Efficiency House 55, up to a maximum of 
27,500€ per housing unit 

 22.5% of the amount of the loan for a KfW Efficiency House 70, up to a maximum of 
22,500€ per housing unit 

 17.5% of the amount of the loan for a KfW Efficiency House 85, up to a maximum of 
17,500€ per housing unit 

 15% of the amount of the loan for a KfW Efficiency House 100, up to a maximum of 
15,000€ per housing unit 

 12.5% of the amount of the loan for a KfW Efficiency House 115, up to a maximum of 
12,500€ per housing unit 



 

 

www.BuildHEAT.eu  Page 80 of 128 

 12.5% of the amount of the loan for a KfW Efficiency House Monument, up to a maximum 
of 12,500€ per housing unit 

 

The repayment bonus is directly transferred to the bank account of the homeowner. 
Alternatively, a loan up to 50,000€ can be obtained for packages of measures and single 
measures34. 

 

PV installations 

The German PV incentive scheme is based on FiTs, which are defined in the EEG. In the past 
FiTs were lowered stepwise in parallel to the decrease in PV system prices. A revision of the 
EEG took place in August 2014 with the aim to significantly lower the future EEG-allocation to 
electricity prices. The FiT scheme favoured small to medium sized PV rooftop systems and 
ground mounted systems of up to 500 kWp. The proposed EEG (2016) is a continuation of the 
EEG (2014). It replaces prescribed feed-in tariffs with an auction system for the majority of 
renewable technologies. Small renewables installations of under 750 kW capacity will not be 
required to tender and will continue to receive conventional feed-in tariffs. 

FiTs are reduced on a monthly basis in order to keep PV installations within the politically 
desired target. A new levy on self-consumption of PV electricity has been introduced, gradually 
increasing from 30% in 2014 to 40% in 2016 of the EEG-levy. The FiT for large ground mounted 
systems has been discontinued and has been replaced in 2015 by a tenders. 

In Germany, electricity from renewable sources is mainly supported through a market premium 
scheme. For most installations, the award and the level of the market premium is determined 
through a tendering scheme. Plants with a capacity of up to 100 kW and other plants in 
exceptional cases can benefit from a feed-in tariff. For power plants up 100 kW the support 
system is based on a feed-in tariff, which the grid operator pays to the plant operators. The 
amount of tariff is set by law and is usually paid over a period of 20 years. The plant operators 
can also opt for the market premium. Plants with a capacity higher than 100 kW can be 
supported through the feed-in tariff in exceptional cases. 

The criteria for eligibility and the tariff levels are set out in the Renewable Energy Sources Act 
(EEG 2017). Moreover, low interest loans for investments in new plants are provided for by 
different KfW-Programmes (Renewable Energy Programme – Standard, Programme offshore 
wind energy, Consortium Loan Energy and Environment, Renewable Energy Programme 
Premium). 

The KfW Renewable Energy Programme “Storage” supports the usage of stationary battery 
storage systems, related to a PV installation, which is connected to the electricity grid. The 
investment addresses either new PV installation in conjunction with a battery storage system 
or only the financing of a battery storage system, which is related to a PV installation, which 
has been put into operation after 31 December 2012. Only one storage system for each PV 
installation is eligible for support. Additionally, the PV installation in conjunction with the battery 
storage system is allowed to have an installed capacity of maximum 30 kWp. This low-interest 
loan cannot be combined with other KfW Programmes. Up to 100% of the net investment value 
is eligible for financing.  

 

                                                

34 https://www.kfw.de/inlandsfoerderung/Unternehmen/Energie-Umwelt/Förderprodukte/EE-Bauen-und-
Sanieren-Unternehmen-276-277-278/#1 
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Market Incentive Programme (MAP) for renewable heat35 

In the framework of the KfW Programme Renewable Energy – Premium, KfW provides low-
interest loans with grant payback support for the development and expansion of renewable 
heat installations. The installations need to be built in Germany and have to be operating for 
at least 7 years. A combination with other support schemes is possible, if not otherwise stated 
(Guidelines for the support of RES-H Art. VI.). 

The following tables highlights the supported technologies and the corresponding benefits (not 
exhaustive) obtainable from each renewable heat sources. 

 

Table 9 - Supported Technologies in the KfW Programme Renewable Energy (Premium) 

Renewable Heat Source Technology 

Biogas  Installations for the erection and/or further development of 
biogas pipes of at least 300m for not to bio-methane purified 
biogas, as long as the biogas for the purification to natural 
gas quality, fuel or CHPs serves  

Biomass  Installations with automatic feeding for the burning of solid 
biomass (such as logwood, wood chips, pellets, etc.) for 
thermal use >100 kW nominal heat output including  

 CHP with a nominal heat output between 100kW and 2 MW, 
as long as the prescribed emissions values are met  

Geothermal energy The following technologies are supported both for heat 
production and for the combined heat and power production: 

 Installations with a drilling depth > 400 m, a temperature of 
the thermal fluid of at least 20°C and a thermal heat output 
of at least 0.3 MWth  

 Efficient heat pumps > 100 kW nominal heat output  

Solar thermal energy Solar collectors with a gross collector area > 40 m2  

Heat Pump Efficient heat pumps up to 100 kW/ nominal heat output  

 

Table 10 - Supports provided by KfW in the Programme Renewable Energy – Premium 

Renewable Heat Source Support 

Biogas up to 30% of the net investment costs for piping systems. 

Biomass Grant repayment for solid biomass installation exclusively for 
thermal usage up to 20€/kW nominal heat output up to a 
maximum of EUR 50,000 

Additional bonuses: 

                                                

35 http://www.res-legal.eu/search-by-country/germany/single/s/res-hc/t/promotion/aid/loan-kfw-low-
interest-loan/lastp/135/ 
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 For low emissions (20€/kW nominal heat output, for 
emissions up to 15mg/m3) 

 For the erection of a buffer tank (additional 10€/kW nominal 
heat output, for tanks with a volume bigger than 30l/kW 

Basis and additional support can be combined up to 100,000€.  

Geothermal energy Projects exclusively for heating purposes 

 Installation grant repayment: 

 200€/kW nominal heat output up to EUR 2 million 

 Deep drilling grant repayment: 

 375€/m vertical depth for a drilling depth between 400 m 
and 1000 m under the top ground surface 

 500€/m vertical depth for a drilling depth between 1000 m 
and 2500 m under the top ground surface 

 750€/m vertical depth for a drilling depth > 2000 m under 
the top ground surface 

 A deep drilling can be supported with max. 2.5M€; 
maximum 4 drilling/project. Exploration drillings are not 
eligible. 

 Additional expenses: 

 Grant repayments up to max. 50% of the documented 
additional net expenses/ drilling, however only up to 50% of 
the primary planned costs totalling max. 1,25M€/drilling and 
5M€/project 

Solar thermal energy Size-related support: 

 grant repayment of up to 30% of the eligible net investment 
cost for: water heating, room heating, solar cooling 
production, injection into a heating 

 grid grant repayment of up to 40% of the eligible net 
investment cost for: the injection into a heating grid with at 
least 4 costumers 

 grant repayment of up to 50% of the eligible net investment 
cost for: solar process heating 

Heat Pump Grant repayment 80€ for each kW of heat output, at least 
10,000€ and max. 50,000€. 

 

Instead, the investment support36 (BAFA) is given for heat produced in existing buildings. 
Installations in new buildings are only eligible if process heat is used. The investment support 
is divided into basic support, bonus support and innovation support. As already observed for 

                                                

36 http://www.res-legal.eu/search-by-country/germany/single/s/res-hc/t/promotion/aid/subsidy-investment-
support/lastp/135/ 
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the KfW Programme Renewable Energy – Premium, the installations need to be erected in 
Germany and have to be operating for at least 7 years. 

The following tables highlights the supported technologies and the corresponding benefits (not 
exhaustive) obtainable from each renewable heat sources. 

 

Table 11 - Supported Technologies in the BAFA Programme 

Renewable Heat Source Technology 

Biomass  The construction or further extension of biomass-
installations for thermal usage is being supported for: 
Installations with automatic feeding for the burning of solid 
biomass for thermal usage with a nominal heat output 
between 5 and 100 kW 

 Low emission logwood boilers with a nominal heat output 
between 5 and 100 kW (Scheitholzvergaserkessel)  

 Boiler for the combustion of biomass pellets and wood 
chips  

 Pellet stoves with water chamber  

 Combination boilers for the combustion of biomass pellets, 
wood chips, firewood  

 Low emission logwood boilers  

Solar thermal energy Eligible technologies are those supporting the construction or 
further extension of solar collectors for thermal usage having 
one of the following purposes: 

 Water heating 

 Space heating 

 Combined water and space heating 

 Solar cooling 

 Feeding heating/cooling energy into the respective grid 

 Supply of process heat 

under the condition of fulfilling the technical requirements and 
standards laid down under Art. IV.1.4. and Art. IV.1.5. for 
Innovation technologies 

Heat Pump Efficient aerothermal heat pumps up to and including 100 
kW/nominal heat output. Air and air-heating pumps, which 
directly transfer the produced heat into the air are not 
supported. 
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Table 12 - Supports provided by KfW in the BAFA Programme 

Renewable Heat Source Support 

Biomass Basic support: 

 Pellet installations 

80€/kW nominal heat output for the construction of an 
installation with automatic feeding , power and combustion 
control, and automatic ignition for the combustion of biomass 
pellets (or combination boilers) 

 Wood chips installation 

A lump sum of 3500€ pro unit for the construction of an 
installation with automatic feeding, power and combustion 
control, and automatic ignition 

 Log wood installation 

A lump sum of 2000€ per unit for the construction of emission-
poor log wood installations 

Other bonus and innovation supports are also available. 

Solar thermal energy Basic support: 

 Solar collectors exclusively for water heating: 

- new installations with a gross collector area between 3 
and 40m2 50€/m2 (minimum support 500€) 

- expansion of already commissioned installations of at 
least 4 to 40 m2 gross collector area 50€/m2 (minimum 
support 500€) 

 all other solar collectors: 

- new installations with a gross collector area up to 40m2 
140€/m2 (minimum support 2000€) 

- expansion of already commissioned installations of at 
least 4 to 40m2 gross collector area 50€/m2 

Other bonus and innovation supports are also available. 

Heat Pump Basic support: 

 Electrical heat pumps (heat source: air) 

- 40€/kW of nominal heat output up to 

At least 1500€ for performance-controlled installations 
and/or monovalent heat pumps 

At least of 1300€ for all others installations 

 Electrical heat pumps (heat source: geothermal energy, 
water), sorption and gas-motoric heat pumps 

- 100€/kW of nominal heat output up to: 
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At least 4500€ for the erection of electrical heat pumps 
based on geothermal energy, as long as an associated 
earth probe drilling is also being executed 

At least 4500€ for each sorption and gas-motoric heat 
pump installation 

At least 4000€ for all other electrical pumps with 
geothermal or water heat sources 

3.6 Italy 

3.6.1 Energy Efficiency 

The EPBD in Italy presents two levels of implementation:  

 National; 

 Regional: since energy‐related topics are a shared task between the state and the local 
authorities (i.e. regions and autonomous provinces), some local regulations have been 
introduced. 

 

In particular, six regions (Liguria, Emilia Romagna, Toscana, Val d’Aosta, Piemonte and 
Lombardia) and the two autonomous provinces (Trento and Bolzano) have fully implemented 
the EPBD, while the other regions follow the national legislation. 

At national level, after the first decree (i.e. 192/2005) defining the basis for the national 
legislative EPBD framework, a set of legal acts have been issued to define specific aspects: 

 minimum performance requirements (Decree 311/2006),  

 use of renewables (Decree 28/2011), national guidelines for energy certifications and 
labelling (Decree 59/2009), and  

 standards with calculation approach (UNI TS 11300 1-6, released between 2008 and 
2016). 

 

In addition, in 2013 Law 63/2013 implemented the Directive 2010/31/EU, introducing the first 
national definition of Nearly Zero Energy Building. In 2015 the national Decree 26.06.2015 
updated the minimum performance requirements for new and renovated buildings according 
to cost-optimal criteria (for both buildings and building elements) and introduced the concept 
of reference building in the performance assessment. 

 

National Energy Renovation Strategy 

The National Agency for Energy and Environment (ENEA) is responsible for the elaboration of 
the long-term strategy for the renovation of the building stock provided for in Article 4 of the 
EED. In this regard, the national plan for energy renovation has been released.  

In order to evaluate the potential savings and to define reliable renovation scenarios, an 
assessment of the consistency of the residential and non-residential building stock has been 
carried out. In addition, the current regulatory tools and available incentives have been taken 
into account in the analysis.  
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Stated the exemplary role of public buildings highlighted in the EED, the plan foresaw for the 
building stock of the central public administration a yearly renovation rate of 3% or, 
alternatively, a cumulative final energy savings between 2014 and 2020 of at least 0.04 Mtoe. 
For the whole public buildings, the 2014 National Plan foresees a savings of around 0.57 Mtoe 
in terms of final energy consumption. 

For the residential buildings, the plan defined two different scenarios, considering partial 
interventions (regarding one element of the building envelope and HVAC system) and global 
interventions (renovation of multiple elements). The cumulated energy saving until 2020 for 
single-family and multi-family houses ranges from 0.92 to 2.79 Mtoe. 

 

Energy performance requirements 

The national Decree released on 26.06.2015 introduced three different levels of building 
refurbishment that have to fulfil different kind of minimum requirements: 

 1st level refurbishment: renovation of the envelope surface higher than 50% and HVAC 
renovation  performance requirements on the global energy performance of the building 
(Primary energy demand for heating, cooling , ventilation, domestic hot water and for non- 
residential lighting) 

 2nd level refurbishment: renovation of the envelope surface higher than 25% and/or 
HVAC renovation  performance requirements on the properties of the renovated 
envelope element and evaluation of HT (Average Transmission heat transfer coefficient in 
W/(m2K) defined as the ratio between the heat transfer coefficient in W/K and the overall 
surface of the envelope). In case of HVAC, specific requirements on the renovated 
component. 

 Energy renovation: renovation that affects the building energy performance that involves 
less than 25% of the envelope surface and and/or HVAC renovation or new installation  
performance requirements on the renovated elements and components (for both envelope 
and HVAC). 

 

When the requirement is on the overall energy performance or HT, the reference values are 
determined according to the evaluation of the performances of the so-called reference building. 
It has the same features (geometry and use) and the same climate, orientation and boundary 
conditions of the renovated buildings and its performance is evaluated by adopting a set of 
reference values for the thermal properties of the envelope as well as for the efficiency of the 
HVAC system, according to the climatic zone.  

 

Minimum requirements for the components 

The national decree 26.06.2015 provides a set of minimum requirements for the building 
envelope, in case of both 2nd level refurbishment and energy renovation. In particular, the limits 
have two different time deadlines, i.e. 2015 and 2021. If the renovation of the new construction 
aims to reach the target nZEB, the minimum requirements to be adopted are the values for 
2021. 
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Table 13 - Minimum thermal transmittance for the building envelope 

 Thermal transmittance 
walls [W/(m2 K)] 

Thermal transmittance 
roof [W/(m2 K)] 

Thermal transmittance 
windows [W/(m2 K)] 

 2015 2021 2015 2021 2015 2021 

A&B 0.45 0.40 0.34 0.32 3.20 3.00 

C 0.40 0.36 0.34 0.32 2.40 2.00 

D 0.36 0.32 0.28 0.26 2.10 1.80 

E 0.30 0.28 0.26 0.24 1.90 1.40 

F 0.28 0.26 0.24 0.22 1.70 1.00 

 

Concerning the HVAC system, the Decree reports a minimum performance requirement for 
traditional and condensing boilers to be evaluated with the following equation: 90 + 2 log Pn, 
where Pn is the nominal power of the generator (in kW). In addition, it provides a series of 
minimum efficiency values for several types of heat pumps (e.g. air to air, air to water, etc.) 
and uses (only heating or heating and cooling). 

3.6.2 Photovoltaic systems 

In Italy, the most prominent market framework for the use of PV in buildings is represented by 
the presence of the net metering/net billing scheme “Scambio sul posto”. With net-metering/net 
billing, the energy produced by a PV system in surplus of the load is fed into the grid and 
valorized by the “Gestore dei Servizi Energetici” GSE. The scheme is valid for PV systems 
with a maximum capacity of 500 kWp. Twice a year the balance is determined and the system 
owners have to pay their electricity supplier for their excess consumption or will receive a credit 
for their in excess production from GSE. On the other hand, when the production from PV is 
not enough to supply the load, the missing power can be taken from the grid with limited 
economic impact. The electrical grid can thus be considered as a “virtual storage”. 

Since the phase-out of Feed in Tariffs (FiTs) for new PV installations under the “Nuovo Conto 
Energia V” in July 2013 the Italian market is thus mainly driven by net metering/net billing, 
guaranteed power purchase by the GSE and tax deduction. In 2014 the change in the Italian 
PV incentive scheme has led to a complete reversal in market segmentation. 84% of the annual 
installations were small systems with 45% residential and 39% commercial systems. Large-
scale installations dropped back to 16%, with 12% industrial and 4% in utility scale systems. 

In more generic terms, support schemes are available to all types of PV investors. Small and 
medium investors (up to 500 kW) can subscribe either to the net-billing programme (so-called 
“Scambio sul Posto”) or to the feed-in-premium programme (so-called “Ritiro Dedicato”). 
Larger investors (above 500 kW) can either subscribe to Ritiro Dedicato or sell their electricity 
to a trader or to the power exchange. In addition, systems up to 20 kW can benefit from reduced 
VAT rates and fiscal incentives. 

PV systems up to 20 kW that run under the Scambio sul Posto scheme and that qualify as 
“Sistemi Efficienti di Utenza” (SEU) (plants that produce electricity for local or own consumption 
and it can be considered as a direct line power purchasing agreement PPA) can also be 
exempted from the payment of all variable cost components of the electricity bill on the locally 
or self-consumed power. This makes them the most attractive investment segment. However, 
their regulatory frameworks, especially the one for SEU, are very complex.  
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Net-metering/net-billing (“Scambio sul Posto”) for systems up to 500 kWp 

Owners’ power injection point and their power withdrawal point must coincide. This scheme is 
compatible with the self-consumption scheme and with reduced VAT rates and fiscal 
incentives. The PV plant operator pays the supplier for the electricity withdrawn from the grid 
like a regular consumer. GSE makes a payment to the PV plant owner, which is equal to the 
difference between the value of the PV electricity injected into the grid and the value of the 
electricity withdrawn from the grid in a defined time period. The value of the PV electricity 
injected into the network takes into account time and grid area. The value of the electricity 
withdrawn from the grid is equal to the difference between the price of the electricity and the 
grid costs. Once per year the PV plant operator, except for plants up to 3 kW, pays a fee that 
covers the administrative costs incurred by the relevant grid operator. A PV system adhering 
to this scheme qualifies automatically as SEU and can therefore be exempted from the 
payment of all variable electricity bill costs if it is smaller than 20 kW or from the payment of all 
variable electricity bill costs but 5% of variable general system costs if it is bigger than 20 kW. 
The fee covering GSE’s operational costs (exception made for systems whose power is below 
3 kW) must be deducted from the revenues coming from this scheme. There is no cap on the 
PV capacity that can benefit from this scheme.  

 

Self / local consumption (“Sistemi Efficienti di Utenza”, SEU) 

Owners of PV systems can qualify as SEU if they consume their produced electricity or if they 
sell it to a single consumer located within the same local, private grid (under the same meter). 
This scheme is compatible with the other schemes and with reduced VAT rates and fiscal 
incentives. The PV system owner and the consumer of the produced PV electricity (when the 
two do not coincide) can sign a private contract in accordance with the Civil Code. These 
contracts are not regulated by any specific law. The self- or locally consumed electricity 
produced by systems below 20 kW is exempted from the payment of all variable cost 
components of the electricity bill. The self- or locally consumed electricity produced by systems 
above 20 kW is charged with only 5% of variable general system costs. SEU systems can 
adhere to the net-metering or to the feed-in-premium schemes or they can sell their excess 
electricity to a trader or to the power exchange. SEU systems must pay the fee covering GSE’s 
operational costs like all the other systems (Deliberation 578/2013). At the moment, there is 
no cap on the PV capacity that can benefit from this scheme. The attractiveness of this scheme 
is directly proportional to the PV project developer’s ability to offer interesting energy 
management services, energy efficiency measures and contract conditions. The existing 
regulation does not concern new installations and does not allow PV system owners to sell 
their electricity to more than one consumer. 

 

Technical norms 

In Italy the connection of active and passive users to low and medium voltage grid is regulated 
by two norms: CEI 0-21 and CEI 0-16. The last releases of both of them were published in 
December 2014. The most recent version of the norms deals explicitly also with electrical 
storage systems. In the norms, it is well specified that the storage system connected in parallel 
with the grid has to support the ancillary services required by the utility. This is not an issue for 
PV systems, because the PV inverter can provide the necessary services for the grid or can 
be updated/upgraded to do so. Moreover, some PV inverters compliant with CEI 0-21:12-2014 
already come with an embedded storage system (mainly Li-ion based batteries). Technical 
difficulties arise for the installation of storage systems combined with old PV systems and when 
a different storage system (e.g. made by different manufacturer) needs to be connected to a 
new PV installation. In both cases a dedicated inverter needs to be installed for the storage 
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system capable of providing grid servicing. In this case, it is necessary to verify the compliance 
of a possible inverter with the current norms. 

In addition to this, PV plants with nominal power below < 1 kWp were considered as passive 
users by the (CEI 0-21) where the inverter did not have to provide grid servicing. With July 
2016 the norm CEI 0-21 has been modified to comply with the EN50438 where even PV plants 
with nominal power <1 kWp are now considered as active users37. 

3.6.3 Solar thermal systems 

The technical norms into force in Italy are the ones internationally accepted: the standards for 
solar collectors and factory made systems performance characterisation (EN 12975 and EN 
12976).  

The Solar Keymark certification is also an obligation on solar thermal collectors sold for fiscal 
incentives to be released. 

The installation of solar thermal collectors is not mandatory in Italy. The utilisation of RES in 
buildings is regulated through the “Renewable energy for heating & cooling support scheme 
(Conto termico, Legislative Decree no. 28, 3 March 2011)”. The regulation is RES “agnostic”, 
as it prescribes only minimum levels of thermal loads coverages by means of technologies 
exploiting RES (solar thermal systems are indeed included together with heat pumps and 
biomass boilers). The decree also describes the calculation procedures to be used to calculate 
the coverage level. 

Subject to this obligation are new built houses and retrofitted buildings with a living area larger 
than 1000 m2. 

Thermal energy production plants must be designed and constructed so as to ensure the 
simultaneous compliance of the following coverages:  

 50% of DHW consumption and 

o 35% of the sum of domestic hot water, space heating and space cooling 
consumption for installations set up after January 1st 2014 

o 50% of the sum of domestic hot water, space heating and space cooling 
consumption for installations set up after January 1st 2014 

 

3.6.4 Incentives 

Energy efficiency and RES in buildings is supported by the Italian government through different 
incentives. Some of these schemes are related to tax credit (i.e. a portion of the capital costs 
for energy efficiency is recovered by means of a credit on the personal income taxes), while 
other schemes are related to an economic income that can be obtained as a function of the 
energy efficiency level reached through the renovation actions. Four different incentive 
schemes can be identified: 

 Tax credit for energy efficiency in buildings; 

 Tax credit for building renovation; 

 Renewable Energy for Heating & Cooling Support Scheme; 

 White Certificates 

                                                

37 http://www.ceinorme.it/doc/norme/14829.pdf 
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Tax credit for energy efficiency in buildings 

Starting from 2007, the Italian Government has strongly encouraged the increase of energy 
efficiency in buildings through tax credits, with a specific focus on refurbishment or renovation 
actions able to reduce the primary energy needs. This incentive scheme mainly addresses 
buildings/flats owned by natural person, legal person and public administrations, and it is 
devoted to all those energy efficiency interventions in a single family home, an apartment/office 
building as well as in its communal parts. Following this scheme, for all the interventions 
performed within December 31st, 2016, the 65% of the capital costs can be recovered in 10 
years by means of the tax credit mechanism. The refurbishment actions that can be performed 
under this incentive scheme are subdivided into four categories: 

1. Reduction of energy needs for space heating, obtained through unspecified actions 
capable to reduce the energy needs for space heating. The reduction is calculated as the 
difference between the primary energy consumption before the interventions and the 
reference primary energy consumption levels required for the building. The reference 
values are imposed by the Ministry of the Economic Development in the Annex A of the 
DL 11 March 2008. 

2. Improvements of thermal insulation, obtained through the improvement of the thermal 
transmittance (i.e. reduction of thermal losses) for the opaque surfaces and windows. The 
required levels of transmittance are defined by the Ministry of the Economic Development 
in the Annex A of the DL 11 March 2008. 

3. Installation of solar thermal collectors, obtained through the installation of solar collectors 
used to cover domestic hot water (DHW) needs. The solar collectors can be incentivized 
if compliant to the UNI EN 12975 and UNI EN 12976 standards.  

4. Substitution of the heating system, obtained through the substitution of an old heating, 
provided that some technical and efficiency requirements are respected. The substitution 
with heat pump also belong to this category if the heat pump COP (Coefficient of 
Performance) is higher than a required level. 

 

All the documentation related to the measures implemented (i.e. equipment datasheets, 
conformity declarations, etc.) must be sent to the Italian reference centre where the compliance 
with the national standards and requirements are checked.  

All the four categories are limited in terms of amount of capital costs that can access to the tax 
credit. Table 14 shows the maximum achievable tax credit and the corresponding maximum 
capital costs for each categories of the refurbishment actions. 

 

Table 14 – Refurbishment actions allowed under 65% tax credit program 

Refurbishment Action 
Maximum Tax 
Credit 

Maximum 
Investment Cost 

Reduction of energy needs for space heating 100 k€ 154 k€ 

Improvement of thermal insulation 60 k€ 92 k€ 

Installation of solar collectors 60 k€ 92 k€ 

Substitution of heating system 30 k€ 46 k€ 
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However, in case of apartment building, the available tax credit must be shared over the 
number of flats. This means that, for instance, in a building with 10 flats the maximum available 
tax credit for the improvements of thermal insulation is equal to 6 k€ for each dwelling. 

 

Tax credit for building renovation 

The Italian Government has also encouraged the building renovation through a tax credit 
scheme similar to the previous. This scheme is mainly addressed to building/flat owned by 
natural persons (i.e. excluding legal person and public administration) in order to improve the 
real estate market. However, other actors than the owner can benefit from this incentive 
scheme: 

 persons who have full ownership or who have bare ownership of a property; 

 persons who have rights on a property (e.g. usufruct); 

 tenants; 

 members of cooperatives; 

 individual entrepreneurs, for buildings/flat that are not used for commercial purpose; 

 

A wide number of the renovation actions can be implemented under this incentive scheme, as:  

1. ordinary and extraordinary maintenance works, preservation and restoration works, and 
building renovation actions, which are performed in all the common parts of residential 
buildings. 

2. extraordinary maintenance works, restoration and conservation works, and building 
renovation actions performed in individual residential units of any cadastral category. 

3. Measures devoted to rebuild or repair buildings damaged by natural disasters (this 
condition must be obtained under state of emergency). 

4. Measures devoted to remove architectural barriers. 

5. Measures devoted to prevent the risk of illegal acts by third parties. 

6. Measures devoted to wire buildings and to reduce the noise pollution. 

7. Measures devoted to increase energy savings mainly based on the installation of 
renewable energy sources. 

8. Measures devoted to increase the use of anti-seismic solutions.  

9. Measures devoted to reclaim area and surfaces with asbestos.     

 

50% of the capital costs incurred into for building renovation actions listed above can be 
recovered in 10 years as a tax credit. All the measures are limited in terms of maximum capital 
costs that can access to the tax credit. Currently, the maximum available tax credit for each 
property is set to 96 k€, corresponding to a capital cost of 192 k€.  
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Renewable energy for heating & cooling support scheme (“Conto termico”) 

The Legislative Decree no. 28, 3 March 2011 supports small-scale projects devoted to energy 
efficiency improvement and production of thermal energy from renewables. The eligible 
projects concern: 

1. energy efficiency improvements in existing building envelopes:  

2. thermal insulation of walls, roofs and floors 

3. replacement of doors, windows and roller-shutters 

4. installation of solar screens;  

5. replacement of existing systems for winter heating with more efficient ones (i.e. 
condensing boilers);  

6. replacement and new installation of renewable-energy systems (heat pumps, biomass 
boilers, heaters and fireplaces, solar thermal systems, including those based on the solar 
cooling technology). 

 

Table 15 – Energy efficiency improvement projects 

Typology 
Eligible 
Parties 

Duration 
[years] 

Eligible 
Costs 
[% of 
capital 
costs] 

Maximum eligible costs 
Maximum 
Incentive 
[€] 

Thermal 
insulation of 
opaque 
surfaces 

Public 
Administratio
ns 

5 40 

Façade 

External: 200 €/m2 

Internal: 100 €/m2 

With ventilation: 250 
€/m2 

Floor 

External: 120 €/m2 

Internal: 100€/m2 

Wall 

External: 100 €/m2 

Internal: 80 €/m2 

With ventilation: 150 
€/m2 

250.000 € 

Replacemen
t of doors, 
windows and 
shutters 

Public 
Administratio
ns 

5 40 

Climatic Zone(*): A, B and 
C: 350 €/m2 

45.000 € 

Climatic Zone(*): D, E 
and F: 450 €/m2 

60.000 € 

Replacemen
t of existing 
systems for 

5 40 Pn ≤ 35 kWth: 160 €/kWth 2.300 € 
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winter 
heating with 
condensing 
boiler 

Public 
Administratio
ns 

Pn > 35 kWth: 130 €/kWth 26.000 

Installation of 
solar 
screens. 
Installation of 
automatic 
regulation 
and control 
systems 

Public 
Administratio
ns 

5 40 

Solar screen: 150 €/m2 20.000 € 

Automatic regulation and 
control systems: 30 €/m2 

3.000 € 

(*) Italian Climatic Zones are defined by Dpr 412 of August 26th, 1993 

 

Table 16 – Projects concerning systems for production of thermal energy from renewable sources 

Typology Eligible Parties Duration Incentive [€] 

Replacement of 
existing systems 
for winter heating 
with Heat Pump (≤ 
1 MW) 

Public 
Administrations; 
Private Parties 

Pn ≤ 35 kWth: 2 years 

(a) 

Pn ≤ 1000 kWth: 5 years 

Replacement of 
electric water 
heater for DHW 
with Heat Pump 
water heater 

Public 
Administrations; 
Private Parties 

Volume ≤ 0.15 m3: 1 year 
Max incentive: 
400 € 

Volume > 0.15 m3: 2 years 
Max incentive: 
700 € 

Installation of solar 
collectors 

Public 
Administrations; 
Private Parties 

Solar gross surface ≤ 50 
m2: 2 years 

(b) 
Solar gross surface ≤ 
1000 m2: 5 years 

Replacement of 
existing systems 
for winter heating 
with biomass 
systems (≤ 1 MW) 

Public 
Administrations; 
Private Parties 

Pn ≤ 35 kWth: 2 years 

(c) 

Pn ≤ 1000 kWth: 5 years 

(a) incentive may be calculated by Table 4 in Annex II of Legislative Decree no. 28 of March 
28th, 2011 

(b) incentive may be calculated by Table 13 in Annex II of Legislative Decree no. 28 of March 
28th, 2011 

(c) incentive may be calculated by Table 5 in Annex II of Legislative Decree no. 28 of March 
28th, 2011 
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The support is granted on the basis of the type of project and on the improvement of the energy 
performance of the building which is foreseen to be achieved and/or on the energy which is 
foreseen to be produced by renewable-energy systems. The incentive (contribution to the 
costs incurred for the project) will be paid in yearly instalments over a variable support period. 

Two types of parties are eligible for this support scheme: 

 public administrations  5 years support period; 

 private parties: individuals, apartment block owners and parties with business or 
agricultural income  5 years support period. 

 

Two categories of projects are eligible for the incentives introduced by the Ministerial Decree 
of 28 Dec. 2012: 

 energy efficiency improvement projects (see Table 15); 

 small-scale projects concerning systems for production of thermal energy from 
renewables and high-efficiency systems (see Table 16). 

 

Public administrations may apply for incentives for both categories of projects (A and B). 
Private parties may apply for incentives only for small-scale projects concerning systems for 
producing thermal energy from renewables and high-efficiency systems (B). 

 

White certificates 

White certificates, also known as “Energy Efficiency Certificates” (EEC), are tradable 
instruments giving proof of the achievement of end-use energy savings through energy 
efficiency improvement initiatives. 

Under this scheme, electricity and natural-gas distributors are required to achieve yearly 
primary-energy saving quantitative targets, expressed in Tonnes of Oil Equivalent (TOE) 
saved. Each certificate is worth one tonne of oil equivalent (toe) saved. 

Electricity and gas distributors may fulfil their obligation by implementing energy efficiency 
projects entitling to white certificates or by buying white certificates from other parties in the 
Energy Efficiency Certificates Market that is regulated by GME (Gestore dei Mercati 
Energetici). Presently the average market price for the white certificates is within the range of 
108-110 €/toe. 

Two types of parties are eligible for this support scheme: 

1. Obligated entities which are subject to the obligation of achieving yearly national 
quantitative energy efficiency improvement targets: 

 electricity distributors with over 50,000 final customers connected to their 
distribution grids as of 31 Dec. of two years preceding each year of obligation; 

 natural-gas distributors with 50,000 final customers connected to their distribution 
network as of 31 Dec. of two years preceding each year of obligation. 

 

2. Voluntary entities are eligible for the white certificates scheme: 

 energy service companies (ESCOs) 
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 companies controlled by obligated distributors  

 electricity or gas distributors not subject to the obligation 

 companies operating in the industry, services, agriculture, transport and public-
service sectors, including government bodies, provided that they have decided to 
or must appoint a person in charge of the “rational use of energy” (the energy 
manager under art. 19, para. 1, Law no. 10 of 9 Jan. 1991) or are certified under 
the ISO 50001 standard and that they meet the above requirements throughout the 
technical lifetime of the project. 

 

Technical specifications are defined by ENEA to deem the primary energy savings related to 
a range of energy efficiency projects. These technical specifications are thus used as the 
standard procedures to certificate and verify saving of different projects. 

3.7 Poland 

3.7.1 Energy Efficiency  

In Poland, the Ministry of Infrastructure and Development (former Ministry of Transport, 
Construction and Maritime Economy) supervises the transposition and implementation of the 
EPBD into national law. 

The transposition of Directive 2002/91/EC on the Energy Performance of Buildings (EPBD) 
took place between 2007 and 2009. Technical building requirements have been obligatory 
since the beginning of 2009. These include energy assessment and energy certification of 
buildings, inspection of boilers and cooling systems, and new energy performance 
requirements for buildings.  

The implementation of Directive 2010/31/EU started in 2011, while revised energy 
performance requirements for buildings, revised methodology for energy assessment of 
buildings and building parts, and new templates for energy certificates became compulsory in 
2014. 

From March 2015, the new Act on the Energy Performance of buildings is in force. It covers 
the principles for issuing an Energy Performance Certificate (EPC), principles for inspection of 
heating and Air-Conditioning systems, rules for maintaining the obligatory central register of 
EPCs and guidelines for drawing up a national plan for increasing the number of nearly Zero-
Energy Buildings (n-ZEBs). 

 

National Energy Renovation Strategy 

A strategy for the promotion of investments in the modernisation of buildings created by the 
Polish ministry of Infrastructure was included as an annex in the Polish National Action Plan 
for Energy Efficiency38 for 2014. It contains a description of the planned measures to improve 
energy efficiency in the building sector, as well as policies and measures to stimulate their 
cost-effective renovations. Besides, it recognizes future prospects for investment decision-
making, it estimates the potential value of energy savings and other benefits arising from the 
renovation of buildings. 

                                                

38 https://ec.europa.eu/energy/sites/ener/files/documents/NEEAP_Poland_ENG_2014_ENER-2014-1003-0-0-
EN-TRA-0.pdf 
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Concerning the implementation of Article 5 of the EDD and the exemplary role of public 
buildings, Poland opted for the following alternative measures: 

 Fulfilling minimum energy performance requirements (regulation of the Minister of 
Infrastructure and Development of 12 April 200239); 

 Establishing the priority “Promoting energy efficiency and use of RES in the public housing 
sectors” as part of the draft Operational Programme for infrastructure and Environment in 
the period 2014-2020; 

 Supporting programmes implemented by the National Fund for Environmental Protection 
and Water Management; 

 Using RES in public buildings; 

 Developing guidance concerning the application of measures to improve the energy 
efficiency in residential and public buildings. 

 

With the implementation of these measures, it is expected that the target of annual energy 
savings (2,122 MWh/year) will be achieved. 

 

Energy performance requirements 

The current polish legislation for new buildings contains two types of requirements. The first 
type is based on the EPmax index, which establishes limits for non‐renewable primary energy 
demand for heating, ventilation, AC and Domestic Hot Water (DHW) systems, and lighting 
systems in non‐residential buildings. The second type includes minimum levels of thermal 

insulation for the building envelope components, expressed by U‐values in W/m2 K. For 
renovated buildings, it is only required to respect the minimum U‐values for the retrofitted 
building components.  

The EP index for a building is calculated as follows: 

EP = EPH+W + ΔEPC + ΔEPL [kWh/m2 year] 

 

Where: 

 EPH+W is the partial value of the non‐renewable primary energy demand index for heating, 
ventilating and water heating; 

 ΔEPC is the partial value of the non‐renewable primary energy demand index for cooling; 

 ΔEPL is the partial value of the non‐renewable primary energy demand index for lighting, 

only in non‐residential buildings. 

 

The maximum allowed values for EPH+W (Table 17), ΔEPC (Table 18) and ΔEPL (  

                                                

39 http://www.infor.pl/akt-prawny/649512,rozporzadzenie-ministra-infrastruktury-w-sprawie-warunkow-
technicznych-jakim-powinny-odpowiadac-budynki-i-ich-usytuowanie.html 
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Table 19) applicable at the start of 2014, 2017 and 2021 are defined in the regulations40. For 
new buildings owned and occupied by public authorities, the requirements set for 2021 will 
take effect from the beginning of 2019. 

 

Table 17: Maximum permissible values of EPH+W for heating and water heating (kWh/m² year). Source: 
Concerted Action 

Building category EPH+W max 

Obligatory from 
1 January 2014 

Obligatory from 
1 January 2017 

Obligatory from 
1 January 2021 

Residential buildings: 

- single-family houses 

- multi-family houses 

 

120 

105 

 

95 

85 

 

70 

65 

Hotels and dormitories 95 85 75 

Non-residential buildings: 

- health care buildings 

- other 

 

390 

65 

 

290 

60 

 

190 

45 

Industrial, heated storage and 
livestock buildings 

110 90 70 

 

Table 18: Maximum permissible values of ΔEPC for cooling (kWh/m² year). Source: Concerted Action 

Building category ΔEPC max 

Obligatory from 1 
January 2014 

Obligatory from 1 
January 2017 

Obligatory from 1 
January 2021 

Residential buildings: 

- single-family houses 

- multi-family houses 

 

ΔEPC = 10 Af,C/Af 

 

ΔEPC = 10 Af,C/Af 

 

ΔEPC = 5 Af,C/Af 

Hotels and dormitories  

 

ΔEPC = 25 Af,C/Af 

 

 

ΔEPC = 25 Af,C/Af 

 

 

ΔEPC = 25 Af,C/Af 

Non-residential buildings: 

- health care buildings 

- other 

Industrial, heated storage and 
livestock buildings 

 

  

                                                

40 Republic of Poland - The Act of 29 August 2014. The energy performance of buildings / Dz.U. 2014 poz. 1200, 
http://isap.sejm.gov.pl/Download?id=WDU20140001200&type=3 
July 2013, amending the ordinance on technical conditions to be met by buildings and their location / Dz.U. 
2013 poz. 926, http://isap.sejm.gov.pl/Download?id=WDU20130000926&type=2 
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Table 19: Maximum permissible values of ΔEPL for lighting (kWh/m² year). Source: Concerted Action 

Building category ΔEPL max 

Obligatory from 1 
January 2014 

Obligatory from 1 
January 2017 

Obligatory from 1 
January 2021 

Residential buildings: 

- single-family houses 

- multi-family houses 

 

ΔEPL = 0 

 

ΔEPL = 0 

 

ΔEPL = 0 

Hotels and dormitories  

for to < 2,500 
ΔEPL = 50 

for to ≥ 2,500 
ΔEPL = 100 

 

 

for to < 2,500 
ΔEPL = 50 

for to ≥ 2,500 
ΔEPL = 100 

 

 

for to < 2,500 
ΔEPL = 25 

for to ≥ 2,500 
ΔEPL = 50 

 

Non-residential buildings: 

- health care buildings 

- other 

Industrial, heated storage and 
livestock buildings 

Where: to – operating time of built-in lighting installation [hours/year]. 

 

Minimum requirements for the components 

The maximum U-values for opaque building components are shown in Table 20, while U-
values for transparent building components are shown in Table 21.  
 

Table 20: Permissible values of thermal insulation for opaque building elements.  Source: Concerted 
Action. 

 

 

Fabric element and internal temperature in the room 

Maximum U-value (W/m² K) 

Obligatory 
from 1 

January 
2014 

Obligatory 
from 1 

January 
2017 

Obligatory 
from 1 

January 
2021 

External walls: 

a) ti ≥ 16 °C 

b) 8 °C ≤ ti < 16 °C 

c) ti < 8 °C 

 

0.25 

0.45 

0.90 

 

0.23 

0.45 

0.90 

 

0.20 

0.45 

0.90 

Internal walls: 

a) in case of Δti ≥ 8 °C and separating heating rooms 

from corridors and staircases 

b) in case of Δti < 8 °C 

c) separating heated and unheated rooms 

 

1.00 

No requirements 

0.30 

Walls adjacent to expansion joints with width: 

a) up to 5 cm 

b) more than 5 cm 

 

1.00 

0.70 
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Walls of unheated underground rooms No requirements 

Roofs, flat roofs and floors in contact with outdoor air: 

a) ti ≥ 16 °C 

b) 8 °C ≤ ti < 16 °C 

c) ti < 8 °C 

 

0.20 

0.30 

0.70 

 

0.18 

0.30 

0.70 

 

0.15 

0.30 

0.70 

Roofs on the ground: 

a) ti ≥ 16 °C 

b) 8 °C ≤ ti < 16 °C 

c) ti < 8 °C 

 

0.30 

0.12 

1.50 

Floor over unheated and closed spaces: 

a) ti ≥ 16 °C 

b) 8 °C ≤ ti < 16 °C 

c) ti < 8 °C 

 

0.25 

0.30 

1.00 

Floor over heated rooms: 

a) in case of Δti ≥ 8 °C 

b) in case of Δti < 8 °C 

c) separating heated rooms from unheated 

 

1.00 

No requirements 

0.25 

 

Table 21: Permissible values of thermal insulation for transparent building elements. Source: Concerted 
Action. 

Type of window or door Maximum U-value (W/m² K) 

Obligatory from 1 
January 2014 

Obligatory from 1 
January 2017 

Obligatory from 
1 January 2021 

Vertical windows, balcony doors 
and transparent walls: 

a) ti ≥ 16 °C 

b) ti < 16 °C 

 

 

1.3 

1.8 

 

 

1.1 

1.6 

 

 

0.9 

1.4 

Roof windows: 

a) ti ≥ 16 °C 

b) ti < 16 °C 

 

1.5 

1.8 

 

1.3 

1.6 

 

1.1 

1.4 

Windows in internal walls: 

a) in case of Δti ≥ 8 °C 

b) in case of Δti < 8 °C 

c) separating heated from 
unheated rooms 

 

1.5 

No requirements 

1.5 

 

1.3 

No requirements 

1.3 

 

1.1 

No requirements 

1.1 
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Door in external walls and in 
walls separating heated from 
unheated rooms 

1.7 1.5 1.3 

Windows and doors in external 
walls of unheated rooms 

No requirements 

 

Cost-optimal procedure for setting energy performance requirements  

In 2012, it was performed a study41 to determine the cost-optimal levels of thermal insulation 
of buildings and building components. In the study, it was analysed the following six categories 
of buildings: 

 Single-family buildings; 

 Multi-family buildings; 

 Hotels: 

 Offices: 

 Schools; 

 Hospitals.  

 

The calculations were done based on prices for building materials, equipment and appliances 
in 2012. The price for energy is very variable depending on the energy sources, as shown in 
Figure 104. And the increase of the energy price was estimated based on the expected inflation 
rate for the years 2000 – 2010 (Table 22). 

   

Figure 104: Energy prices of energy carriers in Poland in 2012 (1 PLN = 0.24 €). Source: Concerted Action 

  

                                                

41 Implementing the Energy Performance in Buildings Directive, Featuring Country Reports, 2016 
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Table 22: Expected increase in energy prices above the rate of inflation. Source: Concerted Action 

Energy carrier Annual growth rates 
above inflation (%) 

Electricity 3.8 

Natural gas 4.8 

Coal and pellets 3.6 

District heating 1.7 

Oil 2.7 

 

To compare the different technical solutions, various variants were applied, and the cost-
optimal requirements were determined with the lower limits of the curves “global costs-primary 
energy needs” of every variant without including a renewable component. 

The results of the calculation for new multi-family buildings can be seen in Figure 105, where 
the EPmin is equal to 102.3 kWh/m² year. 

The cost-optimal calculations are the basis for fixing the current building energy requirements 
and these are been used to fix nZEB requirements (e.g. U-values, infiltration and ventilation). 

   

Figure 105: Establishment of the cost-optimal level of energy requirements for apartments blocks (1 PLN = 
0.24 €). Source: Concerted Action 

3.7.2 Photovoltaic systems 

Grid operators are obliged to connect renewable energy plants to their grids without 
discriminating against certain (groups of) plant operators. Furthermore, grid operators must 
give electricity from renewable sources priority of transmission. Grid operators are also obliged 
to develop their grids in line with the general provisions of energy law. However, plant operators 
are not entitled to the development of the grid. 
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3.7.3 Incentives 

In Poland, heat generated from renewable energy sources is supported through three subsidy 
schemes and a loan scheme. One was launched by a state-owned bank, the other two by the 
National Fund for Environmental Protection and Water Management. The former and one of 
the latter support refurbishment works which, among others, may include the installation of 
RES technologies for heat generation. The second subsidy programme from National Fund 
support the purchase and installation of solar collectors. In particular, the National Fund for 
Environmental Protection and Water Management grants low interest loans to support the 
purchase and installation of RES installations. 

 

Thermo-modernization Fund42 

The Fund provides premiums for investors (e.g. households) that implement reduction of 
energy consumption through thermo-modernization and refurbishment actions. The 
programme is supported by the Bank Gospodarstwa Krajowego (BGK) which is a public bank 
since 1998. The main activities covered by the Fund concern: 

 Thermal refurbishment of all types of residential buildings; 

 Buildings used by municipal entities for purposes of public services (schools, hospitals 
etc.); 

 local district heating network and local sources of heating; 

 installation of renewable energy sources or high efficiency energy equipment 

 

Two different grants are available for the investors: Thermo-modernization premium and 
Refurbishment premium.  

Thermo-modernization premium repays 20% of the commercial loan drawn by an investor for 
energy efficiency actions in buildings. The premium is given to the bank financing the energy 
retrofit in the building. However, the premium cannot exceed 16 % of the total cost of the works 
and/or twice of the expected yearly costs savings. As main requirement, the minimum energy 
savings after thermal refurbishment should exceed 25%/year.  

Instead, refurbishment premium repays 20% of a commercial loan drawn by an investor for the 
building refurbishment. However, the grant cannot exceed 15% of total costs of a refurbishment 
works. The premium is payed to individuals, home owners’ associations where individuals 
constitute a majority, housing co-operatives and social houses associations. 

 

Low interests loans for thermo-modernisation 

The National Fund for Environmental Protection and Water Management (NFOŚiGW) grants 
low interests loans together with subsidies to support the thermo-modernisation of single-
family houses, inter alia via purchase and installation of small and micro-RES installations 
houses (Priority Programme Lynx). There are two different schemes: one is by the NFOŚiGW, 
the other one is governed by a bank.  In both cases the addresses are government units, 
natural persons and NGOs. 

                                                

42 https://www.energy-
community.org/portal/page/portal/ENC_HOME/DOCS/3108038/0633975AD9187B9CE053C92FA8C06338.PDF 
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The overall budget of the programme is 400 MPLN (91 M€) for the period 2015-2023. The 
budget for subsidies amounts to 120 MPLN (27 M€) and for the loans to 280 MPLN (63.73 
M€). The subsidy loan covers up to 80% of investment’s eligible costs and the subsidy max. 
20%. 

Interest rate of the loan in the banks is: 1% plus the remuneration of the bank, max. 3% in the 
first year and 1.5% in the following years. The maximal duration of the loan support is 15 years 
and it is possible to delay the repayment of the first instalment, but not longer than 6 months.  

Finally, the maximum eligible costs for the different RES technologies are presented in the 
following table. 

 

Table 23 - Maximum eligible costs for different sources producing renewable heat in Thermo-
modernisation programme 

Renewable Source Maximum eligible costs 

Heat Pump 30,000 PLN 

Biomass 15,000 PLN 

Geothermal 55,000 PLN 

Solar Thermal 5,000 PLN 
 

Low interests loans for small and micro-RES installation43 

The National Fund for Environmental Protection and Water Management (NFOŚiGW) grants 
low interests loans together with subsidies to support the purchase and installation of small 
and micro-RES installations for the needs of residential single-family or multi-family houses. 
There are two different schemes. One is designed for local government units or their 
compounds and is governed by the NFOŚiGW. The other one, which addresses private 
persons, homeowner associations and housing cooperatives is governed by a bank. 

The eligible technologies which can access the loan are summarised in the following tables: 
 

Table 24 - Eligible technologies for different sources producing renewable heat 

Renewable Source Eligible technologies 

Heat Pump Heat pumps with a capacity of up to 300 kWt 
are eligible 

Biomass Biomass installations with a capacity of up to 
300 kWt are eligible. Biomass installations in 
urban areas of more than 10 000 inhabitants, 
and in spa areas are excluded from support 

Solar Thermal Solar thermal installations with a capacity of 
up to 300 kWt are eligible. Eligibility covers 
the purchase and installation of solar 
collectors for the supply of hot water or heat 
in buildings used for residential purposes. 

                                                

43 http://www.res-legal.eu/search-by-country/poland/single/s/res-hc/t/promotion/aid/subsidy-national-fund-
for-environmental-protection-and-water-management-prosumer-1/lastp/175/ 
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Table 25 - Eligible technologies for different renewable sources producing electricity 

Renewable Source Eligible technologies 

Wind Small wind energy installations with a 
capacity of up to 40kWe 

Biogas Micro-cogeneration installations fired with 
biogas with a capacity of up to 40kWe 

Biomass Micro-cogeneration installations fired with 
biomass with a capacity of up to 40kWe. The 
biomass must come from forestry or be of 
agricultural origin, come from own resources 
of the applicant or be a bio-liquid. 

Photovoltaic PV installations with a capacity of up to 
40kWp 

 
The budget of the programme for the timeframe 2015-2022 is:  

 for subsidies: 249.8 MPLN 

 for loans: 467.2 MPLN  

 

The sum of the two contributions (i.e. the loan and the subsidy) may cover up to 100% of the 
eligible costs and must be more than 200,000 PLN. 

The interest rate of the loan is 1%. The maximum duration of loan support is 15 years. The 
investment must be finalised within 24 months from the first loan payment (NFOŚiGW 
governed) or 18 months from the date of the loan agreement (bank governed). 

The subsidy shall cover up to 15% of the installation costs of biomass and solar collectors and 
up to 30% for photovoltaic, wind energy and micro-cogeneration installations. However, in the 
years 2015-2016, in the first case up to 20% and in the latter up to 40%. 

Finally, a limit is imposed to the eligible investment costs for residential buildings. In particular, 
if the installation use only 1 energy source, the maximum eligible costs are: 

 100,000 PLN for private persons, except for biogas micro co-generation installations 

 300,000 PLN for homeowner associations or housing cooperatives 

 500,000 PLN in case of biogas micro co-generation installations 

 

While, the Maximum eligible investment costs for residential buildings in case of installations 
using at least 2 energy source are equal to: 

 150,000 PLN for private persons, except for biogas micro co-generation installations 

 450,000 PLN for homeowner associations or housing cooperatives 

 500,000 PLN in case of biogas micro co-generation installations 
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3.8 Spain 

3.8.1 Energy Efficiency 

In Spain, the Ministry of Industry, Energy and Tourism, the Ministry of Public Works and 
Transport, and the regional administrations are in charge of the implementation of EPBD. 

Although the building energy certification and the definition of minimum requirements for new 
construction and renovation started with local standards from 2002, the national framework 
has been established in 2007, with the release of the LIDER/CALENER tool to simulate and 
evaluate energy efficiency in Spanish buildings. The use of the tool became compulsory for 
practitioners, in order to demonstrate compliance with the Spanish regulations also issued in 
2007 (Royal Decree 47/2007), in response to Directive 2002/91/EC. From 2007‐2012, energy 
certification in Spain was mandatory for new buildings, and from 2013 also for existing ones 
(in case of renovation, rental or sale) (Royal Decree 235/2013).  

Concerning the performance requirements for buildings and elements for both new 
construction and renovation, the reference is the Technical Code for Construction (Codigo 
Technico Edificacion) published in 2006. This document includes requirements for the 
envelope, the systems of production of cold and heat (heating system regulations), ventilation, 
etc. As a supplement to the Technical Code for Construction 2006, a regulation (Royal Decree 
1027/2007) with special focus on technical issues about heating and cooling systems was 
published in 2007. It provides production systems’ energy efficiency requirements, and the 
framework for the mandatory maintenance and schedule inspections of air conditioning (AC) 
systems in buildings in Spain. 

The 2006 publication (Royal Decree 314/2006) was an important milestone that fixed the 
energy performance requirements for buildings and elements according to the climate 
conditions in the various regions of Spain. In particular, six zones have been introduced 
according to the influence of climate on heating and cooling needs. In addition, the code also 
introduced structural requirements and limitations for the building elements to prevent moisture 
as well as specific indications for the production of heating and cooling systems and lighting, 
and to the use of Renewable Energy Sources. In 2013, the minimum requirements have been 

further updated following the results of the cost‐optimal study with the Royal Decree 
1027/2007) and the Royal Decree 235/2013 set out the new procedure for building certification. 

 

National Energy Renovation Strategy 

The Energy Efficiency Directive (EED) has been implemented in the Spanish national strategy 
for the energy efficient renovation of the building stock, which has a special focus on the 
exemplary role of public buildings.  

The document considered the barriers as well as opportunities and presented a strategy based 
on the following points: 

 policy measures;  

 administrative measures;  

 measures of finance and operations;  

 information and communication measures;  

 measures to develop business strategies, focusing on communities of building owners;  

 specific measures to deal with energy poverty.  
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The forecasted final energy savings for both residential and non‐residential buildings range 
between 2.652 ktep and 7.087 ktep, according to the implemented scenario. The Spanish 
national institute for the diversification and saving of energy (IDAE) has prepared an inventory 
of 2184 buildings that will be renovated and evaluated a potential saving coming from the 
energy conservation measures recommended on the Energy Performance Certificates. 

 

Cost-optimal procedure for setting energy performance requirements 

The Technical Code for Construction contains all the information necessary to meet the 
minimum requirements for energy efficiency in new buildings, as well as in case of energy 
renovation of existing buildings. These minimum requirements have been calculated following 
the methodology and criteria established by the Energy Efficiency Directive (Directive 

2012/27/EU ‐ EED).  

The methodology used for the preparation of these requirements included an analysis of the 
best solutions for a set of reference buildings in Spain, for different scenarios of climates, types 
of construction and production systems. In particular, the calculations were based on six 
reference buildings (for existing constructions) taking into account typical characteristics of 
buildings in Spain. The calculations also considered different orientations, six climatic zones 
and many individual measures defined for each subcategory of multiple building combinations, 
in order to find the cost-optimal values in case of renovation. 

These evaluations have been carried out through the LIDER/CALENE, the tool officially 
adopted in Spain for simulating the energy performance of buildings (by evaluating the final 
energy consumption). It includes calculations on the building envelope, thermal bridges, 
infiltrations, solar shading, thermal inertia, considering the hours of operation, as well as the 
technical characteristics of the heating and cooling system. 

The analysis produced the cost‐optimal primary energy consumption, which set the minimum 
requirements for the new Technical Building Code in 2013.  

 

Table 26 - Comparison of Thermal Transmittance (TT) of windows and walls on existing buildings 

 Windows [W/(m2 K)] Walls [W/(m2 K)] 

Climatic 
zone 

Cost-Optimal 
thermal 
transmittance* 

Comparison with 
Requirements in 
Decree 235/2013 

Cost-Optimal 
thermal 
transmittance* 

Comparison with 
Requirements in 
Decree 235/2013 

α3 4.33 5.70 1.47 1.35 

A3 4.45 5.70 1.47 1.25 

B4 4.45 4.20 1.47 1.00 

C2 4.45 3.1 1.47 0.75 

D3 3.90 2.70 1.47 0.60 

E1 3.90 2.50 1.16 0.55 

*Optimal values are calculated as the average of the reference buildings 
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The minimum requirements for the building envelope are reported in the National Decree 
1635/2015 and are related to the thermal transmittance and the permeability. In particular, a 
set of values has been established according to the climatic zone of the building. 

 

Table 27 - minimum requirements for the building envelope 

Element Climatic zone 

 α A B C D E 

Transmitancia térmica de muros y elementos 
en contacto con el terreno( 

1.35 1.25 1.00 0.75 0.60 0.55 

Transmitancia térmica de cubiertas y suelos en 
contacto con el aire 

1.20 0.80 0.65 0.50 0.40 0.35 

Transmitancia térmica de huecos 5.70 5.70 4.20 3.0 2.70 2.50 

Permeabilidad al aire de huecos[m3/(h m2)] < 50 < 50 < 50 < 27 < 27 < 27 

 

In Spain the regulation of buildings’ technical requirements is included in the regulation of 
thermal facilities as part of the Royal Decree 238/2013 dealing with heating, domestic hot 
water, air-conditioning and large ventilation systems. This regulation is applied to fixed 
installations (e.g., lighting), Heating, Ventilation and Air‐Conditioning systems and production 
of Domestic Hot Water (DHW), and is designed to meet the requirements for thermal comfort 
and indoor air quality.  

In particular, the performance requirements concerning the energy efficiency systems affect 
both new installations and parts that have to be replaced during the renovation of existing 
systems. In the case of a facility or building that is being renovated over more than 25% of its 
floor area, the requirements shall apply under the following conditions:  

 incorporation of new subsystems of climate control, or modification of existing ones; 
incorporation of new systems of DHW production, or modification of existing ones;  

 replacement or expansion of the equipment generating heating or cooling; change of type 
of energy used and the incorporation of renewable energy;  

 change in the use of the building.  

 

Table 28 - Minimum performance requirements according to the Royal Decree 238/2013 

Boiler type 

Level of efficiency Level of efficiency (part load) 

Average water 
temperature 
[°C] 

Efficiency [%] 
Average water 
temperature 
[°C] 

Efficiency [%] 

Gas Boilers 70 ≥ 90 + 2 log Pn ≥ 50 ≥ 97 + 2 log Pn 

Liquid Fuel Boilers 40 ≥ 90 + 2 log Pn ≥ 40 ≥ 86 + 2 log Pn 

 

In all these cases, the renovated system must meet the requirements, in terms of both 
performance and maximum allowable losses (both for the entire system, and to each partial 
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section renovated). In the case of a simple generator exchange, the system must still comply 
with the performance requirements, but it does not qualify as a renovation project.  

In Table 28 an example of minimum performance requirements of traditional boiler is reported. 

Moreover, the regulation adopts a performance-based approach and does not impose the use 
of particular technical solutions, while it set limits on energy performance and energy losses 
through the distribution. In the Royal Decree 238/2013, the following changes were made in 
case of new installations, replacements and upgrade of the existing systems: 

 increase in requirements for thermal insulation of pipes, equipment, accessories and 
ducts;  

 global distribution losses are limited to 4% of the maximum carrying capacity of the pipes 
or ducts used;  

 development of two procedures (simplified or alternative procedure) for the calculation of 
the thickness of thermal insulation, according to the nominal thermal power of generation 
of cold or heat installed.  

 

In case of heating systems installation a technical report with dimensioning and control of the 
installation has to be delivered and, in case of large installation (> 70 kW), it has to include an 
analysis of the alternatives to the selected system (e.g., other technologies, connection to 
district heating and/or cooling, etc.). Moreover, the Code requires a study of the best 
alternatives to cover all the energy demand for buildings using RES for large installations (> 
70 kW heating and/or cooling power and a useful floor area > 1,000 m2). In this case, the 
designers should consider the implementation of RES with special attention to the use of 
biomass, as well as heat pumps to supply the energy needs.  

Moreover, the Spanish legislation introduces different requirements on the control efficiency 
according to the size of the plant: the higher the installed power the more efficient and complex 
the control system (also including air quality control system). 

 

Support to active energy saving control (automation, control and monitoring) 

The Spanish legislation introduced the energy metering as a solution to increase the user 
awareness and to reduce the consumption. In fact, the Royal Decree 1110/2007 promotes the 
use of smart metering in the residential market for electricity consumption and boosted the 
replacement of the current meters with intelligent or smart meter. 

In particular, for measurement of thermal consumption, all buildings must have fuel counters 
and each dwelling in new block and with centralised systems must have individual counters.  

Concerning building automation the calculation methodology for energy certification accounts 
for the use of control systems for lighting in non-residential buildings, trying to foster the 
application of smart control systems. Moreover, the guide "How to save energy by installing 
automation systems in your home", which informs and promotes the installation of such energy 
saving equipment, has been published. It reports contact information of professionals and 
businesses that can implement these systems in houses, as well as an example of improved 
installations, which include AC, lighting and zoning controls, and can achieve savings of up to 
17% on heating, and 80% on lighting. 
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3.8.2 Photovoltaic systems 

In the new Spanish regulation (24/2013 Power Sector Act), a shift from remunerating 
production (kWh) to remunerating installed capacity is established as the element to support 
renewals technologies. It only permits very restrictive self-supply with PV technology.  

In October 2015, a royal decree (Royal Decree 900/2015) has been published by which the 
administrative, technical and economic conditions of the energy supply modalities with self-
consumption and self-consumption production are regulated.  

All consumers under any of the self-consumption modalities (except in the case of isolated 
facilities, the Canary Islands, Baleares Islands, Ceuta and Melilla) have to be registered in the 
“Registry for Electrical Energy Self-Consumption”.  

The Royal Decree Law 900/3015 establishes the following measures: 

 It does not affect facilities isolated from the grid. 

 It imposes new chargers on producers, both a fixed cost per installed power capacity and 
one variable cost by the electricity that is self-consumed depending on the power installed. 

 It is mandatory to install a measurement equipment in an accessible place and near the 
point of connection to the distribution network. 

 It is prohibited to share production facilities between several users. 

 The Decree also considers a specific surcharge for those who have batteries to store part 
of the electricity produced from their PV panels. 

 

The RD establishes two self- consumption models: 

 TYPE 1: Supply with self-consumption.  

o Facilities no larger than 100 kW.  

o The sum of the generation installed power has to be less or equal to the power 
contracted. 

o The electricity is only generated for self-consumption.  

o Excesses of the electricity can be exported to the grid but it is not remunerated with 
economic compensation.  

o The consumer must pay a fixed cost charge, but not the variables ones. 

o Fixed charge: 2.0 A Pc ≤ 10 kW  8,989169 €/kW per year 

o Variable charge: 2.0  Pc ≤ 10 kW 0,049033 €/kWh 

o Only one type of the Third Party Access Contract (TPA). 

o Bureaucratic processes. 

o Registration in a record of self-consumers. 

o Request for a report of connection to suppliers.  

o Comply with rules and regulations, especially with RD.1699/11. 
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 TYPE 2: Generation with self-consumption. This refers to a consumer in a single facility 
or supply point, which is associated to one or several production facilities connected within 
its grid, or which share connection infrastructure with it or is connected to it. The surplus 
of the generated electricity can be exported to the grid and is remunerated with the 
economic compensation. Consumers covered by any self-consumption modality will be 
subjected to distribution and transport grid access fees charges in order to ensure 
technical and economic sustainability of the grid. These charges are divided into fixed and 
variable charges.  

 

Exceptions from fees: consumers covered by the TYPE 1 self-consumption model with an 
installation equal or less than 10 kW are exempted from transitory variable charges. 

The failure to register as a self-consumer or noncompliance with the rules will be subjected to 
the financial penalty between EUR 6.000.001 and EUR 60.000.000. 

The new law requires self-consumption PV system owners to pay the usual grid fees for 
electricity consumption in Spain, if their installation is higher than 10kW a 'sun tax' on energy 
produced and consumed is added on top.  

According to the Royal Decree, electrical energy storage devices may be installed within the 
self-consumption facilities falling under its scope. But, it implies an additional tax. 

The most important technical regulations to be followed by a solar photovoltaic facility in Spain 
are: 

 Royal Decree 1699/2011, November the 18th, by which the electrical grid connection of 
low power energy generation facilities are regulated.  

o Spanish translation: Real Decreto 1699/2011, de 18 de noviembre, por el que 
se regula la conexión a red de instalaciones de producción de energía eléctrica 
de pequeña potencia. 

 Spanish Low Voltage Code, approved by Royal Decree 842/2002.  

o Spanish translation: Reglamento Electrotécnico para Baja Tensión (REBT). 

 

If the photovoltaic inverter does not have a galvanic insulation transformer, it must meet the 
“Technical Interpretation note of the equivalence of the galvanic separation in the connection 
of generation facilities in low voltage” (Spanish translation: nota de interpretación técnica de la 
equivalencia de la separación galvánica de la conexión de instalaciones generadoras en baja 
tensión).  

Besides these regulations, any electric facility connected to the public electric grid must follow 
the “Particular Technical Specifications” of the distribution company in the corresponding area 
(in Spanish Normas Técnicas Particulares de la compañía distribuidora). 

3.8.3 Solar thermal systems44 

The specific regulations for solar thermal systems in buildings including design, installation, 
maintenance and inspections, are included in the Real Decreto 1027/2007, de 20 de julio, por 
el que se aprueba el Reglamento de Instalaciones Térmicas en los Edificios. 

                                                

44 http://www.res-legal.eu 
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This document has been updated several times by means of complementary regulations that 
can be found in the following consolidated text and the additional information: 

 RITE - Reglamento de Instalaciones Térmicas en los Edificios - consolidado 

 

All new buildings or buildings undergoing major renovation have to include heating systems 
covering part of the demand through solar thermal installations. The contribution varies 
between 30 and 70% of the total warm sanitary water demand of the building, depending on 
the demand level, the geographic position and the main heating source45. 

The required level of solar thermal contribution can be lowered or bypassed under the supply 
of warm sanitary water from other RES or CHP, if conditions exist that turn the obligation 
physically impossible, or in case of historical heritage protected buildings. 

3.8.4 Incentives 

In 2013 the Instituto para la Diversificación y Ahorro de la Energía (IDAE) launched the 
PAREER CRECE support program to promote the realization of comprehensive measures in 
existing buildings, regardless of their use and the legal nature of the owners, and contribute to 
achieving the objectives set out in Directive 2012/27/EU on energy efficiency, and the Plan of 
Action 2014-2020. 

Three specific resolutions have been published on the Official Journal of Spain (Boletin Oficial 
del Estado - BOE): 

 Resolution of 25 September 2013 establishing the regulatory bases and call the program 
are set PAREER. (BOE of October 1, 2013). 

 Resolution of 28 April 2015, establishing the regulatory bases of PAREER modified and 
PAREER-CRECE program (BOE of May 5, 2015). 

 Resolution of 9 September 2013, complementary to the previous one. (BOE of October 
11, 2013). The Building Assessment Report required as set out in Article 4 of Law 8/2013, 
rehabilitation, regeneration and urban renewal. 

 

The program started in October 2013 and ends at the end of 2016. However, it could be 
extended through the full 2020 year.  

The eligible costs should be in the range 30 k€ - 4 M€ for all the actions carried out in the same 
project. There are 4 main types of eligible actions: 

1. Type 1: Improving energy efficiency through thermal envelope. Only actions on the whole 
building are eligible (not at individual dwelling level). 

2. Type 2: Improving energy efficiency through heating systems and light. New generators 
must have a rated power higher than 40 kW, unless they are connected to a solar thermal 
system. In the latter case, the minimum rated power is 14 kW. 

3. Type 3: Replacing conventional energy with biomass systems. New biomass systems 
must have a rated power higher than 40 kW. 

4. Type 4: Replacing conventional energy with geothermal installations. New geothermal 
installations must have a rated power higher than 10 kW. 

                                                

45 Código Técnico de la Edificación” (CTE) DB-HE 
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Renovation works started before the beginning of the program (October 2013) are not eligible, 
as well as investments already paid at that date. Furthermore, works financed should start 
within six months from the notification of the grant and should end within twelve months since 
the notification. It may be permitted an extension up to 18 months for the completion of the 
actions. 

Eligible costs include those necessary to achieve the energy objectives of the program (e.g. 
investment in equipment, materials, executions, associated civil works and auxiliary facilities) 
that are specific for each type of action. Moreover, professional fees paid to the preparation of 
energy efficiency certificates, drafting of technical projects, direction and execution of the work 
and installation, preparation of the final report, and any other costs necessary  are also eligible. 
The expenses related to the administrative documents to submit the application to the IDAE 
can be included: these expenses can exceed 4% of the amount of the aid granted, with a limit 
of 3 k€ per file. 

 

Table 29 - Aids and loans in the PAREER-CRECE  support program 

 Type 1 Type 2 Type 3 Type 4 

Base Aid 

Percentage 30% 20% 25% 30% 

Max 6.000 €/dwelling    

Additional Aid Dwelling Other Dwelling Other Dwelling Other Dwelling Other 

Social criteria 15% 0% 0% 0% 5% 0% 10% 0% 

E
n

e
rg

y
 

E
ff

ic
ie

n
c
y
 

A 15% 15% 10% 10% 0% 10% 0% 10% 

B 10% 10% 5% 5% 0% 5% 0% 5% 

2 
letters 

5% 5% 0% 0% 0% 0% 0% 0% 

Integrated 
Actions 

20% 20% 0% 0% 10% 10% 15% 15% 

Refundable loan 

Percentage 60% It depends on 
the size of the 
systems 
installed 

It depends on 
the size of the 
systems 
installed 

It depends on 
the size of the 
systems 
installed 

Max 
12.000 
€/dwelling 

 

The additional incentive is calculated accordingly to three main criteria: 

 Social criteria: actions carried out in buildings classified as Public Housing and Housing 
Official Protection in Special Regime by the competent authority, or in residential buildings 
located in Regeneration and Urban Renewal Areas 

 Energy Efficiency: actions that raise the energy rating of the building for an energy class 
A or B on the scale of CO2 emissions, or increase in two letters. 

 Integrated Action: combination of two or more types of action, being necessarily one on 
the thermal envelope with a minimum decrease in global demand for heating and cooling 
of 30%, combined with other action of type 2, 3 or 4 on the thermal installation with a 
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minimum replacement of existing thermal power generation of 60%, or other action of the 
type 2 involving a renewal of more than 25% of the surface lighting. 

 

In Spain, following a renewables moratorium (RDL 1/2012) and considering the current 
financial situation, all economic incentives and administrative and funding systems for 
photovoltaic and solar thermal installations have been suspended by the Spanish government 
for an undetermined duration. Nevertheless, already registered installations will not be 
retroactively affected by this decision. Replacing feed-in tariffs, a legislation allows small 
generators of up to 100 kW to connect to the grid and receive the market price for any electricity 
they feed in. 

The PV financial mechanisms in Spain are mainly based on three legislations:  

 The Royal Decree 413/2014 of June 6 2014 regulating the activity of generation from 
renewable sources,  

 The Ministerial Order IET/1045/2014 (the Parameters Order) regulating the remuneration 
parameters for standard installations, applicable to electricity production facilities based 
on renewable energy, cogeneration and waste.  

 The Law 24/2013 4.  

3.9 United Kingdom 

3.9.1 Energy efficiency 

The implementation of the EPBD in England is the responsibility of the Department for 
Communities and Local Government (DCLG) and is achieved through:  

 The Building Regulations 2010 (SI 2010/2214 and 2010/2215);  

 The Energy Performance of Buildings (England and Wales) Regulations (SI 2012/3118)46. 

 

In addition, in order to support the practitioners in the implementation of the indication provided 
the by the laws, the Government introduced a series of official guidelines, called “Approved 
Documents”, with detailed information, minimum performance requirements of the elements 
as well as practices to be adopted in case of both renovation and new construction. In 
particular, in case of renovation the main references47 are: 

 The Approved Document L1B: Conservation of fuel and power in existing dwellings (first 
release in 2010 and last update in 2016)  

 The Approved Document L2A: Conservation of fuel and power in new buildings other than 
dwellings (released in 2014 and updated in 2016) 

 The Building Services Compliance Guides, released in 2013  

 

  

                                                

46 www.legislation.gov.uk/uksi/2012/3118/contents/made 
47 https://www.planningportal.co.uk/info/200135/approved_documents/74/ 
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Energy Performance Requirements 

Figure 106 shows the improvements of Building Regulations in England for new residential 

and new non‐residential buildings. The minimum requirements do not focus on the 
performance, either in primary and final energy, but on net CO2 emissions (kgCO2/m2/year). 
The limits are determined with the adoption of the reference building, i.e. the net CO2 emissions 
calculated for a building with the same features and standard levels of insulation and HVAC 
systems efficiency.  

 

Figure 106 - Maximum CO2 emission for residential and non-residential buildings: evolution from 2006 to 
2016  

Each type of energy (e.g., gas, electricity) presents a different standard carbon intensity 
expressed in kgCO2/kWh, which reflects the amount of CO2 emitted to deliver 1 kWh of energy 
to the building. Figure 106 is based on the 2006 Building Regulations (i.e. the reference year), 
and shows the improvements for 2010 and 2013 and the further transition to the target Net 
Zero Emission Building announced by the government in 2016 for residential and 2019 for non-
residential buildings. 

The EPBD requirements have been introduced in national standards with the adoption of Part 
L of the Building Regulations “Conservation of Fuel and Power”. To support the implementation 
of these requirements in the design practice for both new constructions and building 
renovation, the Government introduced a series of “Approved Documents” (ADs) providing 
recommendations to comply with Building Regulations, and references to best practice guides 
such as Eurocodes (EN).  

While for renovation of existing buildings a simplified approach is introduced, for new 

residential and non‐residential buildings five criteria are set:  

 Reach the target for CO2 Emission Rate and, only for residential buildings, a Target 
Envelope Energy Efficiency rate, (space heating and cooling requirements) expressed as 
the annual amount of energy demand [kWh/m2]. 

 Meet limits on design flexibility (including minimum envelope standards and building 
services efficiencies).  

 Limit the overheating effects in summer including the impact of shading devices  

 Ensure that the actual building performance is in line with design calculations (with a 
special focus on air permeability, commissioning of building services and, for residential, 
thermal bridges).  

 Provide for energy‐efficient operation of the building.  
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It is important to notice the high importance of comfort issues in the required criteria (1-4), 
whose compliance has to be evaluated by using the National Calculation Methodology (NCM) 

implemented in privately‐owned software tools. The calculation is based on asset rating and 
the predicted consumptions are evaluated in standard conditions. 

In order to ensure the construction quality, the Government introduced guidelines with a set of 
Approved Construction Details (ACDs) focused on improving thermal bridging and airtightness, 
in particular for residential style buildings. Moreover, the on-site airtightness test is required for 
most new residential and non‐residential buildings in order to assess the compliance with the 
predicted performances. 

 

Cost-optimal procedure for setting energy performance requirements  

The minimum requirements of the building elements have been compared with the values 
obtained adopting the cost-optimal level approach for two representative residential buildings 
(i.e. semi-detached and mid-floor apartments). In particular, the existing reference buildings 
were modelled with two different wall constructions (uninsulated cavity wall and uninsulated 
solid wall), representing two common construction types within the UK. A set of potential 
renovation measures were assessed individually by calculating the primary energy demand 
and the related life cycle costs. The results showed that, for existing residential buildings, the 

current standards meet or improve upon cost‐optimal levels, as it is shown in Table 30.  

 

Table 30 - Comparison between current requirements and cost-optimal performance level 

Reference Building Cost-optimal levels Current requirements 

Cavity walls U = 0.55 W/(m2 K) U = 0.20 W/(m2 K) 

Solid walls U = 0.40 W/(m2 K) U = 0.30 W/(m2 K) 

Windows U = 1.60 W/(m2 K) U = 1.60 W/(m2 K) 

Roofs U = 0.20 W/(m2 K) U = 0.18 W/(m2 K) 

Heating 88% (gas boiler) 88% (gas boiler) 

 

Action plan for progression towards Nearly Zero Energy Buildings (NZEBs) National 
application of the NZEB definition 

The UK national plan “Increasing the number of Nearly Zero‐Energy Buildings” foresees a 
reduction in greenhouse gas emissions of at least 34% by 2020 and 80% by 2050 in 
comparison to the values of 2008. To meet these targets, the emissions footprint of buildings 
will need to be almost zero, which will mainly be achieved through:  

 reducing demand for energy in buildings  related measures: heat efficiency 
improvements, lighting and appliances efficiency improvements, and behaviour change;  

 de-carbonising heating and cooling supply related measures: building and network‐level 
technologies.  

 

England has a target for all new homes to be zero‐carbon from 2016, and an ambition for all 
new non‐residential buildings in England to be zero‐carbon from 2019 (2018 for new public 
sector buildings).  
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Implementation of the Energy Efficiency Directive (EED) regarding building renovation 
and the exemplary role of public buildings  

The UK National Energy Efficiency Action Plan (NEEAP) was published in April 2014 and it 
includes a Building Renovation Strategy in compliance with Article 4 of the EED. In particular, 
the strategy is based on: 

 Existing measures such as the Green Deal and Energy Company Obligation to support 
the households in reducing the consumptions of their homes by insulating the envelope; 

 The UK Green Investment Bank that is connecting private finance with demand for energy 
efficiency measures;  

 Salix and RE:FIT that finance modernisation of the public sector’s buildings; 

 The introduction of smart meters in households and small businesses to provide 
consumers with near real‐time information on their energy user; 

 The Renewable Heat Incentive which will help stimulate a transformation in the way homes 
are heated.  

 

The UK decided to implement the alternative approach allowed for by Article 5(6) to achieve 
an equivalent improvement in the energy performance of the buildings within the Central 
Government estate. The measures include behavioural change, facilities management, estate 
management installing efficient technology and energy efficient Information Technology (IT) 
hardware.  

 

Minimum requirements for envelope renovation 

When a renovation of an individual thermal element (or a part of it) constitutes major renovation 
or the amount exceeds the 50% of the surface area, the renovation have to be carry out 
according to the specificities indicated in the Approved Document L1B “Conservation of Fuel 
and power in existing buildings”. In particular, when an envelope element undergoes 
renovation (i.e. addition or replacement of a layer as explained in paragraph 5.7), the 
performance of the whole thermal element should fulfil the minimum requirements reported in 
Table 31. 

 

Table 31 - Minimum requirements in case of envelope renovation 

Element Improved U-value [W/(m2 K)] 

Wall – cavity insulation 0.55 

Wall – external or internal insulation 0.30 

Floor 0.25 

Pitched roof – insulation at ceiling level 0.16 

Pitched roof – insulation between rafters 0.18 

Flat roof or roof with integral insulation 0.18 

 

The AD L1B established that, if the achievement of the abovementioned values is not 
technically feasible or it would not achieve a simple payback time less than 15 years, the 



 

 

www.BuildHEAT.eu  Page 117 of 128 

element should be upgraded to the best standard allowing a simple payback lower than 15 
years. Nevertheless, this low-performance value should not be worse than 0.7 W/(m2 K). 

 

Minimum requirements for HVAC systems replacement 

Even in this case, the main reference is the Approved Document L1B “Conservation of Fuel 
and power in existing buildings” establishing that a designer, when a fixed building service is 

extended or replaced, has to refer to the specificities included in the “Domestic and Non‐
domestic Building Services Compliance Guides”48.  

The guides recommended minimum energy efficiency standards for building services systems 
and components (new and renovated), including: space heating, Domestic Hot Water (DHW),  
mechanical ventilation, comfort cooling, internal and external lighting, low carbon generation 
of heat by heat pumps, solar thermal panels, and Combined Heat and Power (CHP)/ micro 
CHP systems. The Guides cover the design, installation, control and commissioning of 
technical building systems, and provide the minimum efficiencies required for each technical 
building system.  

In particular, in case of system replacement, the guides report that “the efficiency of the new 
appliances should not be significantly less than the efficiency of the appliance being replaced” 
and, in case of not involving fuel or energy switch, the admitted tolerance accounts for 2%. In 
case the efficiency of the current system is unknown, the guides provided standard reference 
values. 

 
Table 32 - Recommended minimum energy efficiency standards. “Domestic Building Services 

Compliance Guide”, HM Government, 2013 

Building Service Type Recommended minimum energy efficiency 
standard 

Gas-fired wet central heating: condensing 
boiler 

Seasonal efficiency: 88% 

Solid fuel heating: independent boiler – 
wood/pellet/chips 

75% nominal load 

70% part load 

Oil-fired wet central heating: condensing 
boiler 

Seasonal efficiency = 88% 

Mechanical ventilation: continuous supply 
and extract with heat recovery 

Specific fan power (SPF – W/(l/s)): 1.5 

Heat recovery: balanced mechanical 
ventilation systems 

Dry heat recovery efficiency = 70% 

Fixed  internal lighting Lighting efficiency = 45 lamp lumens per 
circuit-watt 

Comfort cooling: water-cooled air 
conditioners 

Energy Efficiency ratio (EER): 2.5 

 

                                                

48 Domestic Building Services Compliance Guide. 2013 England. 
https://www.planningportal.co.uk/info/200135/approved_documents/74/part_l_-_conservation_of_fuel_and_power/5 
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In case of system replacement, involving fuel or energy swift, the efficiency of the new service 
should be multiplied by the ratio of the carbon dioxide emission factor of the fuel used in the 
system being replaced to that of the fuel used in the new service. The result is the so-called 
“carbon equivalent efficiency” that has to be compared with the current efficiency and fulfil the 
guides ‘indications.  

 

Support to active energy saving control (automation, control and monitoring) 

The “Domestic and Non‐Domestic Building Services Compliance Guides” boosted the 
adoption of advanced control strategies and the National Calculation Methodology foresaw 
additional benefits for more effective controls, for both residential and non-residential buildings. 
For example, the calculated Building Emission Rate (BER) may be reduced where certain 
management features are provided, thus helping the new building to meet the maximum Target 
Emission Rate (TER). 

Similar approach is for the automatic monitoring of the buildings. In fact, to complete the 
system requirements set by the building regulation, a special focus is devoted to the 
introduction of metering devices for both new and existing non‐residential buildings. The aim 
is to enable occupiers to measure at least 90% of the estimated annual energy consumption 
and to be aware of the related uses (e.g. heating, lighting, etc.). In particular, automatic meters 

for data collection must be provided in new non‐residential buildings larger than 1,000 m2. 
Moreover, the Government aims for all homes to have gas and electricity smart meters by 
2020 and energy suppliers will be responsible for the installation.  

3.9.2 Photovoltaic systems 

Since 2011 the PV market has shown a very positive development which has been spurred by 
government incentives and falling PV system prices. Small systems are subject to a FiT 
scheme with frequent tariff adjustments. Larger systems benefitted from a ROC scheme, a 
market based quota system linked to the trade of certificates. A new “Certificate for Difference” 
(CfD) model has been introduced in 2015 for large PV systems, which focuses on current 
electricity market prices. However, the adoption rate of this new model remains behind 
expectations. 

The UK Government pursues ambitious climate protection goals including a rapid expansion 
of renewable energies with a 15% target of the national energy demand in 2020. The NREAP 
target for PV in the same year of 2.5 GWp has already been reached. 

The Department of Energy and Climate Change (DECC) decided in July 2015 to discontinue 
the ROC scheme for PV systems below 5 MW as of April 2016 and to no longer guarantee 
FiTs for PV installations with more than 50 kWp ahead of commissioning in order to cool down 
the market. Therefore the market outlook for the coming years is expected to be less 
favourable. 

The Feed-in Tariffs (FITs) scheme was introduced in April 2010 with the intention of 
encouraging deployment of small-scale (up to 5MW), low-carbon electricity generation. FITs 
generators receive three financial benefits from the scheme: a generation tariff for all electricity 
generated by the installation; an export tariff for surplus electricity exported to the local grid; 
and savings on their electricity bill from generation used on site. The FITs Comprehensive 
Review, which concluded in July 2012, sought to improve value for money and reduce tariffs 
in light of falling costs. It introduced for solar PV a new ‘degression’ mechanism to enable tariffs 
to respond to market developments by allowing tariffs to reduce in line with deployment. 

With significant levels of solar PV deployment in the UK there are increasing challenges in 
maintaining a secure and cost effective balance of the UK electricity system. Small-scale 



 

 

www.BuildHEAT.eu  Page 119 of 128 

installations such as domestic rooftop systems are not visible to network operators as they 
ultimately act as a reduction of the building electrical demand. The network operators do not 
have control of these installations. At local levels, significant overproduction of electricity from 
variable renewables can also lead to voltage rises, which need to be controlled to ensure stable 
operation of the system.  

With increasing PV deployment, it is likely that the larger proportion is represented by small 
scale installations. In this scenario, the minimum energy demand to be met during periods 
when the PV production is at its highest, would reach a threshold where excess generation by 
solar would start to create significant operational and cost implications.  

In the short term, timely and affordable grid access arrangements are vital to delivering new 
solar PV generation projects to help meet low carbon emissions and renewable energy targets. 
The tasks required to get a solar PV system connected to the grid vary with the size of 
generating plant but generally, the larger the plant the more complex the connection 
requirements. Small-scale solar PV is not currently experiencing the same difficulties as some 
larger-scaled installations. 

Under the Electricity Act, DSOs are obliged to offer a connection to any customer that wishes 
to connect to the network.  

The Electricity Markets Authority (Ofgem) has established the Distributed Generation (DG) 
Forum to identify and overcome barriers to the connection of distributed generation to the grid, 
and also introduced incentive mechanisms to improve DSO performance. The Smart Grid 
Forum is looking at how smart grid technologies and associated commercial arrangements 
can improve the connection of distributed generation, including solar PV.  

The predictability of financial mechanisms that exist for the sector is critical to providing the 
industry with confidence to continue to invest. At the moment, incentives are necessary as 
solar PV is yet to become competitive with other energy sources in the UK. The Government 
has put in place a range of incentives and support mechanisms to support solar PV (which 
vary in applicability and detail across the Devolved Administrations). There are three main 
mechanisms that enable greater financial predictability: Feed-in Tariffs (up to 5MW); 
Renewables Obligation Certificates (until April 2017 for >50KW); and the enduring regime of 
Contracts for Difference (available from 2014, for projects >5MW). 

 

Feed-in Tariffs Scheme (FITs) 

In the last years, the Feed-in Tariff (FITs) scheme for small-scale renewables has been 
reformed, through the FITs Comprehensive Review, which was concluded in December 2012. 
The Review sought to improve value for money and reduce tariffs in light of falling solar PV 
costs. The particular mechanism to control costs and provide greater certainty over future tariff 
rates to potential solar PV generators and investors is quarterly degression, which was 
introduced on 1 August 2012. 

The FiT scheme is based on electricity generation. If the PV electricity is fed into the grid an 
export tariff of 4.85 p/kWh is payed in addition. The FiT is paid for a period of 20 years. The 
Electricity Markets Authority (Ofgem) currently adjusts the FiT scheme every three months.  

There exist six different FiT tariffs based on the PV system size, which are further subdivided 
into three classes “high”, “medium” and “low” according to their energy efficiency classification. 
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Renewables Obligation Certificates (ROCs) 

The banding of Renewables Obligation Certificates has seen significant changes take place in 
the near past, including for solar PV >50kW. The solar PV consultation on the levels of banded 
support under the Renewables Obligation (RO) for the period 1 April 2013 to 31 March 2017 
closed on 19 October 2012 and the Government response was published on 18 December 
2012. This sets out the decision to establish two separate bands for solar PV under the RO: 
one band for building-mounted solar PV; the other band for all other types of solar PV. These 
bands came into force on 1 April 2013 and are set out in Ofgem’s guidance.  

Large PV systems may benefit from the ROC scheme. This is a quota system, where operators 
of PV systems are able to earn a certain amount of ROCs per generated MWh depending on 
the capacity of the plant. Utilities have to purchase these certificates in order to comply with a 
steadily increasing renewable electricity quota. The ROC model is currently being phased out 
in two steps. In April 2015 the ROC was discontinued for PV projects > 5 MWp and in April 
2016 it will be discontinued for PV projects ≤ 5 MWp.  

 
Contracts for Difference (CfDs) 

In the first quarter of 2015 the British Department of Energy and Climate Change introduced a 
CfD model with the intention to increase competition amongst renewable energies and to lower 
their cost. Under the CfD model renewable energy projects are tendered out at a fixed 
electricity strike price valid for 15 years. If the market price drops below the strike price the 
project owner receives the difference from a Government body. If the market price rises above 
the strike price the project owner has to reimburse the difference. In the first tender round held 
in February 2015 a total of 71.6 MWp of PV projects were auctioned off at a strike price 
between 79.23 GBP/MWh and 50.00 GBP/MWh. Representatives from the PV industry are 
criticizing the CfD model because of its limited capacity and the very low strike price as it 
endangers the actual implementation of the PV projects. 

3.9.3 Solar thermal systems 

The main UK quality assurance scheme for low-carbon and renewable energy technologies is 
the DECC-supported Microgeneration Certification Scheme (MCS). It is through MCS that 
solar thermal systems must be registered in order to be eligible for Renewable Heat Incentive 
(RHI) payments. Solar thermal installer/supplier must be accredited by an MCS-appointed 
certification body. All renewable energy products are examined by certification bodies against 
MCS manufacturing and testing standards. The MCS also has an industry Code of Practice 
and can investigate complaints on behalf of consumers49. 

MCS-accredited companies must conform to rigorous quality and safety standards and meet 
Office of Fair Trading (OFT) requirements.  

Installer certification includes assessing the supply, design, installation, set-to-work, and 
commissioning of renewable microgeneration technologies. The MCS gives installers a mark 
of quality and demonstrates to the consumer that the installation will be completed to the 
highest quality every time. 

MCS approved products satisfy rigorous and established European and International 
standards. In addition to laboratory testing, the product manufacturers also must undertake 
factory production control audits to show that they have the management systems in place to 

                                                

49 The Renewable Energy Hub, https://www.renewableenergyhub.co.uk 
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support the quality production practices and demonstrate the products at the end of the 
production line are of the same quality as those that are tested. 

Consumers are able to use a Solar Thermal product approved under Solar Keymark and will 
still be able to claim under the RHI incentive, provided the installation has been completed by 
an MCS certified installation company50. 

Reputable renewable energy installation companies should also be a member of Renewable 
Energy Assurance Ltd (RECC). Membership of RECC indicates that a company has signed 
up to its Office of Fair Trading-approved Consumer Code, which ensures high service 
standards before, during and after the installation of renewable energy technology. 

3.9.4 Incentives 

The Non-Domestic Renewable Heat Incentive (RHI) is a Government environmental 
programme that provides financial incentives to increase the uptake of renewable heat. For 
the non-domestic sector broadly speaking it provides a subsidy, payable for 20 years, to 
eligible, non-domestic renewable heat generators and producers of biomethane for injection 
based in Great Britain. 

The Non-Domestic RHI is open to the non-domestic sector including industrial, commercial, 
public sector and not-for-profit organisations with eligible installations, and to producers of 
biomethane. This includes for example small businesses, hospitals and schools as well as 
district heating schemes such as where one boiler serves multiple homes. All applications are 
subject to the detailed scheme rules.  

The technologies currently covered by the scheme are:  

 solid biomass  

 Combined Heat and Power (CHP) systems for solid biomass, waste, geothermal and 
biogas  

 solid biomass contained in waste  

 heat pumps (ground source, water source and air-to-water)  

 solar thermal  

 geothermal  

 biomethane 

 biogas  

 

Key eligibility criteria:  

 applicant must be the owner of the installation  

 equipment installed and first commissioned on or after 15 July 2009  

 air to water heat pumps, biogas installations with a capacity of more than 200kW and solid 
biomass CHP installations must be commissioned on or after 4 December 2013  

 equipment new at time of purchase  

                                                

50 The Microcogeneratoin Certification Scheme, http://www.microgenerationcertification.org 
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 if a grant from public funds has been received, it generally needs to be repaid in most 
circumstances (refer to the guidance for more information)  

 medium of heat transfer must be liquid or steam, i.e. no direct air heating 

 installation must be MCS or equivalent EN45011 or ISO 17065 accredited if installed 
capacity is 45kWth or under – a requirement for solid biomass, heat pumps and solar 
thermal  

 the metering arrangements must be correct– the right type of meters calibrated and placed 
in correct locations  

 you can’t use the equipment to heat a single domestic home  heat pump installations 
must have a Coefficient of Performance of at least 2.9 and a design Seasonal 
Performance Factor (SPF) of at least 2.5  

 

Eligible heat uses:  

 In an enclosed building for: heating a space, heating water, carrying out a process.  

 Other than in a building for: commercial/industrial cleaning or drying.  

 

Only heat produced by renewable energy is eligible for RHI payments. Therefore, the SPF is 
used in calculations to identify the eligible heat output from electrically driven renewable 
heating technologies, such as heat pumps, and removes the heat energy generated by non-
renewable fuel sources. 

 

Table 33 – Tariffs for Non Domestic Renewable Heat Incentives 

Tariff name Eligible technology Eligible sizes Tariffs 

Small commercial 
biomass 

Solid biomass 
including solid 
biomass contained in 
waste 

Less than 200 kWth Tier 1  3.62p 

Tier 2 0.96p 

Medium commercial 
biomass 

between 200 kWth 
and 1MWth 

Tier 1 5.24p 

Tier 2 2.27p 

Large commercial 
biomass 

1 MWth and above  2.05p 

Solid biomass CHP 
systems51 

Solid biomass CHP 
systems 

All capacities  4.22p 

Water/Ground 
source heat pumps 

Ground-source heat 
pumps & Water-
source heat pumps 

All capacities Tier 1 8.95p 

Tier 2 2.67p 

Air-source heat 
pumps1  

Air-source heat 
pumps 

All capacities  2.57p 

Deep Geothermal1  Deep geothermal All capacities  5.14p 

                                                

51 Commissioned on or after 4 December 2013 
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All solar collectors Solar collectors Less than 200 kWth  10.28p 

Biomethane injection Biomethane First 40 GWh Tier 1 5.35p 

Next 40 GWh Tier 2 3.14p 

Remaining Tier 3 2.42p 

Small biogas 
combustion 

Biogas combustion Less than 200 kWth  6.94p 

Medium biogas 
combustion1 

between 200 kWth 
and 600 kWth 

 5.45p 

Large biogas 
combustion1 

600 kWth and above  2.04p 

 

As shown in Table 33, a two tier tariff has been applied for small (<200kW) and medium 
(≥200kW but <1MW) scale biomass installations, and ground and water source heat pump 
installations accredited on or after 21 January 2013. This means that ground and water source 
heat pumps accredited from 21 January 2013 started receiving the new tiered tariff from 28 
May 2014. 

This tariff structure operates on a 12 month basis, starting with the date of accreditation or its 
anniversary. The regulations specify that during that 12 month period, an initial amount of heat 
generated by the installation up to the equivalent of 1,314 hours (15% of a year) of an 
installation’s installed heating capacity will be payable at the (higher) Tier 1 tariff. Any further 
heat generated during that 12 month period will be payable at the (lower) Tier 2 tariff. At the 
start of the next 12 month period, the initial amount of heat will again be payable at the higher 
Tier 1 tariff. We consider the ‘initial heat’ threshold to be crossed when the eligible heat output 
exceeds the tier threshold. 

Payments last for 20 years from date of installation and applications submitted on or after 1 
April 2016 have their tariffs adjusted in line with the Retail Prices Index (RPI). 

 

Domestic Renewable Heat Incentive 

The Domestic Renewable Heat Incentive (RHI) is a government financial incentive to 
encourage a switch to renewable heating systems. If you join and comply with the scheme 
rules, you’ll receive quarterly payments for seven years. It’s a way to help the UK reduce its 
carbon emissions. 

The scheme is available for households both off and on the gas grid. Those without mains gas 
have the most potential to save on fuel bills and decrease carbon emissions. 

The Domestic RHI scheme is for heating systems for single homes. The starting point is that 
a renewable heating system is in a property capable of getting a domestic Energy Performance 
Certificate (EPC). The EPC is the proof needed for a property to be assessed as a domestic 
‘dwelling’. Without one it is not possible to apply and join the scheme. 

Depending on meeting the eligibility criteria anyone can apply. That includes people that own 
the homes they live in, private and registered social landlords and self-builders. 

The eligible renewable heating system types for the Domestic RHI are: 

 biomass only boilers and biomass pellet stoves. 

 air source heat pumps (minimum SPF of 2.5) 
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 ground source heat pump (minimum SPF of 2.5) 

 solar thermal panels (flat plate or evacuated tube only). 

 

Solar thermal panels eligible for the scheme only provide hot water for a home. Biomass and 
heat pump systems must provide space heating (heating rooms in a house) or space and water 
heating. Under the scheme rules, they have to heat the home using a ‘wet’ central heating 
system like radiators. Also hot water doesn’t include water used to heat a swimming pool or 
any use which is not domestic hot water heating. 

Most heating systems will receive payments based on an estimated heat generation figure. 
The estimate will be taken from the heat load on an Energy Performance Certificate. Solar 
thermal systems are the exception; payments will be calculated using the estimated annual 
generation figure calculated by your MCS installer on your MCS certificate. 

Payments last for 7 years from date of installation and applications submitted on or after 1 April 
2016 have their tariffs adjusted in line with the Consumer Prices Index (CPI). 

 

Table 34 - Current and future tariffs for Domestic Renewable Heat Incentives 

Application 
submitted 

Biomass boilers 
and stoves 

Air source heat 
pumps 

Ground source 
heat pumps 

Solar thermal 

01/01/16 
31/03/16 

5.14p 7.42p 19.10p 19.51p 

01/04/16 
30/06/16 

5.20p 7.51p 19.33p 19.74p 

01/07/16 
30/09/16 

If any new tariff changes are to be made due to degression, the next 
announcement by DECC would be by 1 June 2016 

 

Only heat produced by renewable energy is eligible for RHI payments. Therefore, the SPF is 
used in calculations to identify the eligible heat output from electrically driven renewable 
heating technologies, such as heat pumps, and removes the heat energy generated by non-
renewable fuel sources. 

 

Hereafter a worked example:  

 Estimated annual heat load (from EPC): 15,000kWh 

 SPF:      2.7 

 ASHP tariff rate at start of scheme:  7.3p/kWh 

 Estimated annual heat load  

 (total heat demand x (1 - 1/SPF):  15,000kWh X (1-1/2.7) = 9,444kWh 

 Total annual Domestic RHI payment  

 (tariff x estimated annual heat load):  £ 689.00 

 Quarterly Domestic RHI payment 

 (total annual Domestic RHI payment ÷ 4): £ 172.25 
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Feed-in tariff 

The Feed-in-Tariff scheme (FITs) is an environmental programme introduced by the 
government to promote the use of small-scale renewable and low-carbon electricity generation 
technologies. It is available through licensed electricity suppliers. If a householder, community 
or business has an eligible installation, FITs pays them a tariff for the electricity they generate 
and a tariff for the electricity they export back to the grid. Generation and export tariff rates are 
index-linked which means that they will increase or decrease with inflation. 

The following technologies are eligible for the scheme: 

 Solar photovoltaic (usually called PV) with a total installed capacity (TIC) of 5MW or less 

 Wind with a TIC of 5MW or less 

 Hydro with a TIC of 5MW or less 

 Anaerobic digestion with a TIC of 5MW or less 

 Micro combined heat and power (CHP) installations with a TIC of 2kW or less. 

 

The tariff rates for FITs are calculated by Ofgem based on legislation set by DECC. 

Tariffs can change as often as every three months but once you have registered for FITs, your 
generation and export tariffs will last for as long as your installation is eligible. They will be 
adjusted annually for inflation based on the Retail Prices Index. 

FITs payments are made at least quarterly by licensed electricity suppliers that participate in 
the scheme. These are known as FIT Licensees. They are also responsible for the application 
process for installations following the Micro-generation Certification Scheme (MCS) route of 
accreditation. Not all licensed electricity suppliers make FITs payments, and some are not 
obliged to accept applications from certain people. 

Applications for FITs go through one of two routes, the MCS or the ROO-FIT accreditation 
process. The MCS route is for PV or wind installations with a declared net capacity (DNC) of 
50kW or less and micro CHP installations with a TIC of 2kW or less. This will cover most 
applications. 

 

There are six steps to apply for FITs: 

1. The installation must use equipment approved by MCS and the installer is MCS certified 

2. An MCS certificate for the installation is required from the installer. Installers must have 
registered an installation on the MCS database within ten working days of commissioning 
the installation 

3. Apply to a FIT Licensee following their own process and using their FIT application form. 
The MCS certificate and proof of system ownership is required in the application 

4. The date a completed application is received by the FIT Licensee is the date that the 
system becomes eligible for FIT payments. The FIT Licensee will therefore require an 
initial meter reading taken on this date 

5. Once a FIT Licensee has all the information required, has carried out the application 
checks and has found that the installation is eligible, it will add the details to the Central 
FIT Register 
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6. The FIT Licensee will then provide a Statement of FIT Terms. Once this has been agreed 
and signed, payments can begin. A tariff may depend on an energy efficiency requirement 
for the building and on whether the system owner owns multiple FIT installations. If 
required, the relevant evidence and declarations will need to be completed before the 
installation is entered on to the Central FIT Register. 

 

The above list is not exhaustive. 

In relation to domestic PV installations, FIT is payable on every kWh of electricity generated 
regardless of usage or consumption on site. Furthermore, it is ‘deemed’, or estimated, that 
50% of the electricity generated by a PV system is exported to the grid and is therefore eligible 
for the Export tariff. 

 

Table 35 - Current Feed-in Tariff Generation & Export Payment Rate Table (08 February – 31 March 2016) 

Description Tariff [p/kWh] 

Solar photovoltaic (other than stand-alone) with total 
installed capacity of 10 kW or less 

Higher rate:  4.39p 

Middle rate 3.95p 

Lower rate 0.87p 

Solar photovoltaic (other than stand-alone) with total 
installed capacity greater than 10 kW but not 
exceeding 50 kW 

Higher rate 4.59p 

Middle rate 4.13p 

Lower rate 0.87p 

Solar photovoltaic (other than stand-alone) with total 
installed capacity greater than 50 kW but not 
exceeding 250 kW 

Higher rate 2.70p 

Middle rate 2.43p 

Lower rate 0.87p 

Solar photovoltaic (other than stand-alone) with total installed capacity greater 
than 250 kW but not exceeding 1 MW 

2.27p 

Solar photovoltaic (other than stand-alone) with total installed capacity greater 
than 1 MW 

0.87p 

Stand-alone solar photovoltaic 0.87p 

Combined Heat and Power with total installed capacity of 2 kW or less 13.45p 

Wind with total installed capacity of 50 kW or less 8.53p 

Wind with total installed capacity greater than 50 kW but not exceeding 100 
kW 

8.53p 

Wind with total installed capacity greater than 100 kW but not exceeding 1.5 
MW 

5.46p 

Wind with total installed capacity exceeding 1.5 MW 0.86p 

Export Tariff 4.85p 
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