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Content of this document

1. Purpose of this whitepaper This whitepaper is intended to support heating professionals with creating com-
plaint free and energy efficient two-pipe radiator heating systems in (multi-family 
residential) buildings. The guidelines are relevant for retrofit, renovation as well as 
new construction situations. You can expect clear and practical to use explanations 
and recommendations. Topics such as results-based savings, balancing methods, 
water quality and energy consumption of pumps are brought together by special-
ists from Danish manufacturers Danfoss A/S and Grundfos A/S to provide you a 
document with a complete solution.

Thoughtful
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Right choice of
components

Execution with
knowledge
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To comply with the Kyoto climate protocol agreement and to honor its commit-
ment to reduce CO2 emission in the long term, Europe is determined to reduce 
energy consumption among its 28 member countries. In order to achieve this the 
Energy Performance of Buildings Directive (EPDB) was established, stating a num-
ber of energy saving measurements for member countries to follow.  

2.  Introduction

2.1 Saving energy in buildings  
is a must

2.2 So far the focus was on solving

As figures proof, buildings use 40% of the regions total energy consumption. 
With such a significant contribution to the energy consumption it is clear that the 
heating systems in buildings are an important topic for improvements during new 
construction, retrofit and renovation . Compared to high impact solutions such 
as building insulation and implementing renewable energy sources, optimizing 
pump technologies, creating automatic hydronic balancing and achieving accurate 
temperature control are nowadays recognized to be a cost effective way to reduce 
the energy consumption of buildings. This is the moment where you as a heating 
professional come into play.  

Besides the renewed scope for energy 
saving a lot of heating professionals 
know about the challenges in creating 
a well-functioning two-pipe radiator 
heating system. In many occasions 
where residents complain about heat-
ing system noise and lack of comfort 
these are attempted to be solved by 
e.g. experimentally adjusting heat 
curves of a boiler or other heat source, 
increasing the pump head capacity or 
by installing, balancing valves. Besides 
the fact the complaints are seldom fully 
solved these measures are conflicting 
with the EPDB stated need for reduc-
tion of energy consumption in build-
ings and overall increase of the amount 
of energy used.

EPDB European directive
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To actually solve the complaints as well as reducing energy consumption a new ap-
proach for heating systems in buildings is required. A good design, the right choice 
of products and quality of execution often require just a limited additional invest-
ment but they result in a long-term high performance. This is essential for building 
owners who want to make investments that suit their corporate social responsibil-
ity. Design flow and temperature must be guaranteed in both full and partial load 
conditions to achieve the efficiency as well as provide the best possible comfort for 
the residents.

2.3 A new approach to buildings’ 
heating systems
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Communal heating seems a shot on target when it comes to the application of 
renewable energy sources in new construction buildings. Unfortunately, in existing 
buildings these systems have a negative image due to noise issues, discomfort and 
high energy consumption. All these symptoms can be traced back to the fact that 
over 80% of these systems are not properly hydronic balanced.

3. Most recognized problems 
in practice

3.1 Rushing sounds in  
heating systems

3.2 Complaints about cold

Unbalanced or not properly balanced systems result in high flows through its 
pipes. In many cases this applies to situations where the flow through the pipes 
and radiator control valves is so turbulent that it causes a rushing sound. Besides 
the fact that it is perceived as a complaint by the residents, turbulent flow causes 
unnecessary loss of heat and pressure as well.

In many systems the flow through the connected radiators is 3 to 4 times ! higher 
as necessary for proper functioning. The consequence of this is that the pressure 
loss in pipes increases dramatically which results in too little pressure being availa-
ble for the ‘critical’ radiators which are furthest away from the boiler room. Because 
of this a number of residents at certain parts of the day will experience symptoms 
such as completely or partially cold radiators, despite their need for heating. Often 
these complaints are solved by increasing pump head settings, installing a larger 
circulation pump or raising water temperature (via the weather compensators’ heat 
curve), which of course will inevitably lead to increased energy consumption.
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Many systems have to be set to higher water temperatures in order to guarantee 
a comfortable indoor climate for everyone. The result is that the boilers operate at 
a lower than optimal and possible efficiency and heat loss in transportation pipes 
increases. To benefit from maximum efficiency, condensing boilers must be able to 
achieve condensation of exhaust gas on the heat exchanger. The colder the return 
water temperature, the higher the rate of condensation and by that the higher the 
efficiency of the boiler. Systems which are not hydronically balanced will result in 
higher water temperatures to reach the expected comfort level. Hence, no or poor 
hydronic balancing has a bad influence on heat losses in transportation pipes and 
the efficiency of condensing boilers and heat pumps.

Heat cost allocators are used on all installed radiators to allocate heat consumption 
and to generate an individual bill for each apartment. Such solution can provide 
transparency for the residents although often heat cost allocators are questioned 
by unexplained high energy bills. Many people do not know that the European DIN 
EN 834 norm, in annex A among other things describes the properties for heating 
systems that are equipped with heat cost allocators. There are 4 recommendations:

• Each radiator should be equipped with a controlling device to be operated by 
the user, like a radiator thermostat.

•  A well-adjusted electronic weather compensator should be applied to control 
the flow temperature and minimize errors in the heat cost allocation.

•  Heating systems should be hydronically balanced to obtain flow rates accord-
ing design conditions and minimize errors in the heat cost allocation. 

• The size of radiators should be determined to ensure sufficient heating.

3.3 High energy costs

3.4 How to establish fair heat 
cost allocation?
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A radiator thermostat is designed to automatically feed the right amount of heated 
water into a radiator which is needed to efficiently bring a room to the desired tem-
perature. Many residents are unfamiliar with the operation of a radiator thermostat 
and the conditions in which it performs best. Providing the right information to 
the residents and choosing the right type of thermostatic sensor for the situation is 
often underestimated.

3.5 Unfamiliarity with the use and 
application of radiator thermostats
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4.2 Determine the design flow 
per radiator (qv)

4.1 Determine the necessary 
radiator capacity per room

The first step in creating an efficient system by hydronic balancing is to limit the 
flow on each radiator. The flow that is needed (design flow) depends on flow tem-
perature, return-temperature and the room heat load. In renovation projects room 
heat load and thus the capacity of the radiator can be determined by type and the 
dimensions. Although many calculation tools and design programs exist, it’s still im-
portant to know the parameters a design volume flow is dependent on. These are 
specified in the below formulas to calculate the design flow:

qv =
Pradiator

ρ • c • (Tflow - Treturn)
[m3/s]

qv Design flow  [m3/s]
Pradiator  Radiator capacity [W]
ρ  volumetric mass density of water 

1000 [kg/m3]
c Specific heat of water 4190 [J/(kg.K)]
Tflow Flow temperature  [°C]
Treturn Return temperature [°C]

qv Design flow  [m3/h]
Pradiator  Radiator capacity [kW]
ΔT Difference between flow and 

return temperature [K]

Full formula:

What can we learn from above formula’s? 
• The design flow is mostly dependent on room heat load, to be delivered by the 

installed radiator, and the difference between flow and return temperature (ΔT).

• Systems designed with a small ΔT result in higher flows.

Note: Higher flows result in higher pressure losses in pipes and the need for higher 
pump capacity.

Simplified formula (be aware of the adapted units of measure !):

qv =
0,86 •  Pradiator

ΔT
[m3/h]

4. What should you master? Many technical aspects in a heating system contribute to achieve an efficient 
system operation. Based on physical properties the below topics will clarify that all 
aspects must be properly prepared and executed to achieve the expected results 
in terms of energy saving and complaint free operation.

T�ow

Treturn

qv

qv

Pradiator

Depending local weather conditions, building construction and calculation guide-
lines the heat load per room should be determined. Dedicated software is often 
used and the outcomes are the starting point for you as heating professional. 
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4.3 Constrain the design flow  
per radiator

Constraining the flow is done by limiting the capacity (max. opening) of an in-
stalled radiator valve. To do so radiator valves with pre-setting feature are required. 
In addition also the pressure drop across the valve should be kept constant. To 
do so a pressure controller is required on either riser or radiator level. The below 
formula shows the relationship:

qv Design flow  [m3/h]
Kv  Valve capacity
Δp Available pressure drop across 

valve [bar]

Formula:

What can we learn from above formula? 
• The design flow can only be constrained according design flow in systems 

where the correct pre-setting per radiator (Kv) is done and the pressure differ-
ence is constant.

Note: In systems without flow limitation via valve pre-setting, flows and pressure 
losses can be exceptionally high.

qv (radiator) = Kv • √Δp(valve)

4.4 Set the capacity of the 
radiator valve (Kv)

In order to establish the design flow it is highly recommended to use a pre-setting 
radiator valve. Instead sometimes a lockshield valve is used but the pre-setting is 
less accurate, it can’t be checked visually and is more difficult when it comes to  
workability. Each pre-setting corresponds precisely to a Kv-value which indicates 
the capacity of the radiator valve. The Kv-value is defined as flow in cubic meters 
per hour of water passing through the valve when the pressure drop across the 
valve is 1 bar. Many calculation tools exist to easily determine the correct presetting 
(Kv-value) for each radiator valve.
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4.5 Control the  differential  
pressure (Δp)

The available pressure drop across the valve should be kept as constant as possible 
to prevent deviations in the design flow. The only way to achieve this is through 
the use of differential pressure control, for example established by using automatic 
balancing valves or pressure independent radiator valves. 

The main reasons for using automatic balancing valves are:
• Prevent noise in the system caused by undesirably high pressure differences 

during partial load conditions.

• Ensure maximum energy efficiency by reducing heat losses in pipes and increase 
the efficiency of boilers, heat pumps and speed controlled circulation pumps.

• Provide stable functioning of room temperature controls. Varying differential 
pressures result in an instable room temperature  which leads to higher energy 
consumption.

Fig 1. Unbalanced systems 
cause uneven distribution of 
water.

Fig 2. Limiting the flow on 
each radiator results in a 
uniform distribution of water, 
just in full load situations.

Fig 3. Without automatic 
differential pressure control-
lers, the distribution of water 
shows irregularities in partial 
load conditions.

4.6 Establish room temperature  
control

Automatic control of the flow through a radiator based on a desired room tem-
perature is the most efficient way to gain control over residents heat consumption. 
Radiator thermostats consists of two main parts. A thermostatic temperature sen-
sor is set to a desired room temperature and reacts to temperature changes caused 
by ‘free heat’ from sun power, appliances, occupants, etc. The thermostatic radiator 
valve (TRV) automatically adjusts the flow of water through the radiator to establish 
the desired room temperature. 

The main reasons for using automatic room temperature controls are:
• Provide control and comfort to end-user.

• Minimize energy use by responding to internal and external heat load.

• Depending country specific regulations it can improve the energy label of the 
building.
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4.7 Select the best suited 
circulation pump

Based on the total system design flow and the total of all pressure losses a system 
suited circulation pump can be selected. The heat demand in a building depends on 
outside temperatures, insulation, sun power, internal loads and overall activity. The 
same is valid for the capacity demand of circulation pumps. To save money on the 
electricity bill speed controlled pumps can adapt their pump head capacity to the 
actual needs of the heating system. In partial load conditions the heating system is 
dynamic with variable flow demands and changing differential pressures. A speed 
controlled pump constantly adapts to the changing system conditions as caused by 
especially the many radiator valves in the system.. To select the right circulation pump 
you need to be familiar with the systems’ exact requirements to overcome the pres-
sure loss to the most unfavorable located radiator at all loads.

The main reasons for using speed controlled pumps are:
• Reduce electric energy use. 

• Limitation of the maximum differential pressure at partial loads. 

• Easy to adjust optimal pump head capacity  for the heating system.
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Thermostatic sensors use expansion 
and contraction of either a wax, liquid 
or gas charge in a bellow to open or 
close the radiator valve. The more 
stable the room temperature, the less 
energy is lost due to unnecessary heat-
ing and cooling down of the room. 
Therefore fast response to internal and 
external heat load by the thermostatic 
sensor is a key factor when it comes to 
energy efficiency. 
Wax charge - Slow response  
(reaction time ~40 min.)
Liquid charge - Average response 
(reaction time ~20-25 min.)
Gas charge - Fast response  
(reaction time ~10-15 min.)

Nowadays also electronic sensors are available. These contain a small actuator and 
open and close the valve in many small steps depending the difference between 
actual measured and the desired room temperature. This provides a high accuracy. 
The response time is very fast but is not possible to translate into a reaction time 
(= time spent from fully open to fully closed valve) as this is not the way it is being 
controlled. These sensors contain batteries to operate the actuator and display. 
When selecting the sensor to use this should be taken into account as it requires 
replacement of the batteries periodically.

5. How do you master? 

5.1 Make the right choice of room 
temperature control

5.1.1 Technical performance

A new focus on creating energy efficient heating systems in buildings requires a 
critical look at existing methods and products to use. This has for example resulted 
in the fact that manual balancing valves, manual radiator valves and standard 
circulation pumps are more and more being replaced for automatic balancing and 
control solutions and speed controlled pumps. Below you can read how to create a 
high quality, energy efficient heating system.

Each pre-setting radiator valve must be equipped with a thermostatic sensor to 
control the room temperature in each individual room. To guarantee the proper 
functioning and operability for the residents, it is important to make the right 
choice for the type of sensor. Three aspects have to be taken into account:
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In situations where the ambient air can circulate freely around the sensor normally 
you would choose a built-in sensor. It is not uncommon for curtains, wide window 
sills, furniture or other obstacles hindering the free circulation of air along the ele-
ment. In these situations, a version with either a remote sensor or remote sensor 
and setting is a more appropriate choice.

Programming a weekly schedule with day and night setback times and the cor-
responding temperature settings, allows residents to effectively manage their 
heating system. There are different solutions in the market.  From simple, affordable 
programmable radiator thermostats to more high-end solutions that can (wireless) 
control all radiators in an entire apartment from one point of access. This connects 
better to the luxurious desires people may have. Programmable room controls are 
a worthwhile investment, residents can achieve a potential of up to 30% reduction 
in energy consumption.

Built-in sensor Remote sensor Remote sensor and setting

5.1.2 Influence of ambient

5.1.3 Programming capabilities
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Kv

∆p

Kv & ∆p

Kv Kv & ∆p

Kv Kv & ∆p

As explained a proper hydronic balance is important and can only be achieved by 
using an automatic balancing solution that eliminates pressure fluctuations and by 
constraining the flow per radiator. As the formula

shows there are two variables (valve capacity Kv and  pressure drop Δp) that need 
to be controlled to achieve the design flow (qv) per radiator. When done so for all 
of the systems’ connected radiators the hydronic balance will be in place, both in 
full load as well as in partial load conditions.

To meet these requirements, you can chose between two methods which are 
equipped with automatic pressure control and flow constraints.

5.2 Chose the best suited automatic 
balancing solution

qv (radiator) = Kv • √Δp(valve)

Method 1
With a differential pressure controller per 
riser and pre-setting valves per radiator.

Method 2
With pre-setting radiator valves having 
a build-in pressure controller.

Application area:

• Systems with large number of radia-
tors per riser.

• Systems where radiators with inte-
grated valves are used.

• Systems with small ΔT or large ca-
pacity radiators (high flow demand).

• Systems with existing and well-func-
tioning radiator thermostats.

• Systems with high maximum pump 
head capacity.  

Application area:

• Systems where flow and return 
pipes of the risers  are distant from 
each other.

• Systems where flow and return 
pipes are difficult to access.

• Systems where no risk of unexpect-
edly high pressure differences can 
arise e.g. where speed controlled 
pumps are used.

• Systems with limited maximum 
pump head capacity.

N

E

S
W
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Kv

∆p

Kv & ∆p

Kv Kv & ∆p

Kv Kv & ∆p

The technical developments of recent years makes it worthwhile to examine the 
pump energy consumption. Modern circulation pumps are speed controlled and 
support the heating system by preventing differential pressure to increase at partial 
load conditions. The need for an automatic balancing solution is still present though 
as differential pressure changes at the radiators as well. This cannot be solved by the 
pump. Speed controlled pumps contribute to lower energy consumption of the 
heating system. Relating to what is known as "the Affinity laws" the power consump-
tion of a pump is proportional of 3rd of the pump speed. This indicates the lower the 
pump speed is, the lower the energy consumption will be. The required pump speed 
is determined by the flow rate of the circulated water (at a given differential pressure 
demand).  A conclusion can be drawn: the larger the overflows in the system are, 
the more power the pump will consume. Therefore the biggest benefit from speed 
controlled pumps can only be achieved in heating systems which have been com-
missioned with automatic balancing solutions and are equipped with pre-setting 
radiator thermostats to prevent any overflow. 

5.3 Use speed controlled pumps

Which setting suits you best?

Constant-speed
With this setting we are able to use a modern speed controlled pump like an old con-
ventional pump. This setting is not recommended because it will provide increasingly 
high differential pressure during decreasing partial load conditions. This results in un-
necessary energy consumption, increased risk of rushing sounds and gives no benefit.

Constant-pressure control (recommended)
This setting ensures that the pump head creates no more differential pressure than 
necessary for the most unfavorable situated radiator in the system. By setting the 
maximum needed differential pressure for the system you’ll create a more efficient 
way of water circulation and assure the right conditions for the system at all times.

Proportional-pressure control (recommended with certain reservation)
In theory this pump setting is perfect in combination with automatic balancing. 
Unfortunately there are some exceptions where this setting can lead to ‘starving’, 
an underflow situation during partial load conditions caused by a too low differen-
tial pressure. The combination of ‘starving’ and this proportional pump setting can 
cause complaints about not enough available heat in some parts of the building. 
This is the main reason to always be careful when you’re considering this option.

A good example is shown in the illustration to the left:
it shows two main branches in the system, one for the south side and other for the 
north side of a building. When the sun shines it heats up the south sided rooms 
and causes radiator thermostats to close. In case the pump would be set to propor-
tional pressure control, it will follow the decreased load and reduce delivered pres-
sure. However, the north side may still require full capacity and thus full pressure. 
Due to ‘starving’ some parts of the north side will not be provided with enough 
heated water causing residents to complain.

qv
Costant speed

∆
p

Costant pressure control
qv

∆
p

Proportional pressure control
qv

∆
p

N

E

S
W



 Creating energy efficient heating systems

16 | © Danfoss | 2015.10

The procedure for commissioning heating systems that are equipped with an 
automatic balancing solution requires less work, less measurement operations and 
fewer calculations. The pre-setting of the radiator valves can easily be prepared and 
documented beforehand of the installation on the basis of the capacity of each 
radiator corresponding with the calculated heat loss per room. With the details 
provided in time the valves can be set to the required settings immediately after 
the system has been flushed to prevent dirt remains behind inside the valves.

When differential pressure controllers per riser are used (referring to automatic bal-
ancing method 1), a Δp setting of 10 kPa meets the characteristics of many heating 
systems. In some systems the required differential pressure is higher. In these cases 
it is important to maintain a controlled setting below 25 kPa to prevent noise issues 
and inaccurate functioning of the radiator valves.

Also in case radiator valves with integrated pressure controllers are used (referring 
to balancing method 2) a Δp of 10 kPa meets the characteristics of many heating 
systems. These valves can mostly be used up to higher differential pressures before 
noise issues will occur though.

Measuring the differential pressure for verifying and commissioning optimization is 
important to prevent failure costs and achieve extra energy efficiency. Measure the 
critical valve and/or riser furthest from the pump to check whether the required differ-
ential pressure is available. If it is, you can be sure of a correctly commissioned system.

5.4 Ensure correct commissioning
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Once you know the system is commissioned correctly, you can even try  to lower 
pump head pressure settings step by step and see if the required differential pres-
sure remains available. Doing so you’re optimizing the pump setting and by that 
reduce its use of electricity. Systems operating with an optimized pump setting are 
not just more energy efficient, they are typically more reliable as well. Before per-
forming pump optimization an index riser needs to be identified. The index riser 
is in most cases the one that is most distant from the pump and thereby suffering 
most from pressure losses in pipes. Next, during pump optimization the system 
needs to run at full design flow. This can e.g. be achieved by lowering the flow 
temperature which triggers the radiator sensors to fully open the valves. 

To achieve a successful pump optimization the below sequences should be followed.

For automatic balancing method 1 with 
differential pressure controller per riser:
Step 1 Ensure balancing valves are pre-set to correct Δp value

Step 2 Ensure all radiators valves are installed and pre-set to design flow (kv)

Step 3 Measure the Δp on the index riser    

Step 4 Start with pump optimization. Reduce the set point of the pump until the 
measured Δp shows a sudden drop, below the desired Δp. Then slowly 
turn up the pump setting again until you reach the desired Δp.

For automatic balancing method 2 with radiator 
valves having a build-in pressure controller:
Step 1 Ensure all radiators valves are installed and pre-set to design flow (qv)

Step 2 Measure the Δp on the index radiator valve

Step 3 Start with pump optimization. Reduce the set point of the pump until the 
measured Δp shows a sudden drop, below the desired Δp. Then slowly 
turn up the pump setting again until you reach the desired Δp.

5.5 Perform a pump optimization
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The lifespan of heat exchangers, control valves and circulation pumps is very 
much influenced by  water quality. Heating systems having a good water quality 
will benefit from minimal corrosion, chalk buildup, and bacterial growth. To avoid 
damages to the heating system components the water or water mixture should 
be in accordance with EN 14868 and German VDI 2035 standards. Some countries 
have defined other standards which have to followed as well. For planned heating 
system renovations a thorough analysis of water samples is recommended. With 
the result of the analysis an overall solution by using the best possible combination 
of automatic air vents, dirt separators etc. must be realized.

De-airing is another necessary step that ensures reliable and complaint free opera-
tion. For example, gurgling sounds are often caused by air in the system. There are 
several factors that are important for proper de-airing of heating system:

•  Use a closed expansion vessel. If an open expansion vessel is used there is a 
high chance that air will continuously enter the water and thus be permanently 
supplied to the system, resulting in an increasing risk of corrosion.

•  De-air by using hot water. Water at higher temperature dissolves less air. Thus, if 
de-airing is done only with cold water, air that was dissolved gets released again 
at working temperature.

•  Avoid that the pump is working. If de-airing is performed while the pump is 
working it is less likely all the air will reach the highest points of the piping sys-
tem. Therefor it is  less likely all the air will be removed.

5.6 Ensure high water quality

5.7 Ensure a de-aired system
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These valves control the Δp on riser level as shown in the method 1 option. They 
consist of two individual products or can be bundled into a set.

Typically they contain a differential pressure controller mounted in the return pipe of 
the riser. This controller is set to the required differential pressure in the riser and the 
connected radiators. It eliminates the pressure fluctuations in the built-in pressure 
controller.  Via an impulse tube they are connected with a partner valve, mounted in 
the supply pipe of the riser. Although mostly not required, the partner valve can be 
used to limit the maximum riser flow.

6.1 Automatic balancing valves

In the previous two chapters you could read what and how to master in order to 
create high quality and energy efficient two-pipe heating systems. In this chapter 
you can find first-hand information and links to more detailed information about 
the products available to establish such systems.

6. Products

Danfoss offers the ASV automatic balancing valves

Here you can see an animation to show 
e.g. Housing Assciations or other profes-
sional end-users about how it works 
and they will benefit.

These valves control the required flow through a radiator in the method 1 option. 
To be able to set the required Kv value a version with pre-setting feature is required. 
Each radiator valve is pre-set to its required value.  In combination with the riser 
mounted automatic balancing valves the entire system is hydronically balanced. 

6.2 Thermostatic radiator valves

Danfoss offers the RA-N pre-setting radiator valves 

Here you can see an animation how it 
works.

https://youtu.be/a-1s109P6u8
http://balancingvalves.danfoss.com/Products/automatic-balancing-valves/
http://balancingvalves.danfoss.com/Products/automatic-balancing-valves/
https://www.youtube.com/watch?v=a-1s109P6u8
https://www.youtube.com/watch?v=a-1s109P6u8
https://www.youtube.com/watch?v=a-1s109P6u8
https://youtu.be/97nBHArbAp8
http://radiatorthermostats.danfoss.com/products/standard-valves/
http://radiatorthermostats.danfoss.com/products/standard-valves/
https://youtu.be/97nBHArbAp8
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Thermostatic sensors are installed on either pre-setting thermostatic radiator valves 
(method 1) or pressure independent valves (method 2). The room temperature is 
automatically controlled as the radiators will be provided with less or more heated 
water depending the set and measured room temperature. Residents can deter-
mine their preferred temperature in each different room of their apartment.

These are an alternative for the thermostatic sensors. Time schedules with differ-
ent room temperatures depending the time of the day can be selected or pro-
grammed. This offers the residents extra comfort and energy savings.

6.4 Thermostatic sensors

6.5 Electronic sensors

Danfoss offers RA series thermostatic sensors

Danfoss offers living by Danfoss electronic sensors

These valves control the qv on radiator level as shown in the method 2 option. They 
contain a built-in differential pressure controller as well as a flow limitation feature. 
By correctly commissioning all radiator valves in the system to their design flow, the 
entire system will automatically be balanced.

6.3 Pressure independent  
radiator valves  

Danfoss offers the Dynamic Valve™ pressure independent radiator valves 

Here you can see an animation how it 
works.

http://radiatorthermostats.danfoss.com/products/standard-sensors/
http://radiatorthermostats.danfoss.com/products/standard-sensors/
http://radiatorthermostats.danfoss.com/products/living-by-danfoss/
http://radiatorthermostats.danfoss.com/products/living-by-danfoss/
https://youtu.be/wtHJIv3HOvw
http://radiatorthermostats.danfoss.com/products/dynamic-valve/
http://radiatorthermostats.danfoss.com/products/dynamic-valve/
https://youtu.be/wtHJIv3HOvw
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Speed controlled pumps provide the best conditions for a hydronic balanced sys-
tem in both method 1 and 2. They constantly adapt the pump head capacity and 
flow to the actual heating system condition which optimizes the systems efficiency, 
improves the overall performance of the valves and minimizes the electricity costs. 

6.6 Speed controlled pumps

Grundfos offers ALPHA2 speed controlled pumps 

Grundfos offers MAGNA3 speed controlled pumps  

Here you can see MAGNA3 introduc-
tion video.

https://www.youtube.com/watch?v=BTvP7yne_N4
http://www.grundfos.com/products/find-product/ALPHA2.html
http://www.grundfos.com/products/find-product/ALPHA2.html
http://www.grundfos.com/products/find-product/magna3.html
http://www.grundfos.com/products/find-product/magna3.html
https://youtu.be/Gneh7R5G7EQ
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In heating systems most of the energy used is for primary energy production, be-
ing the heat from a boiler, district heating network or the alike. Systems having a 
poor hydronic balance result in significant over pumping, causing the pump to use 
more electric energy as would be needed in a hydronic balanced system. On aver-
age the pump energy consumption is about 6% of the total energy. In an optimal 
heating system though, a speed controlled pump reduces the average pump 
energy to a total of only 3%. 

From investment point of view, it is interesting to consider payback time, in cor-
respondence to type of renovation:

Renovation type Estimated savings Payback time

Insulation (walls and roof) 30-40% +10  years

Room control 15-25 % 1,5 - 3 years

Automatic balancing 10-20 % 1 - 3 years

Speed controlled pump 30-55% 1 – 3 years

7.1 Electric energy

7.2 Investment and payback time

After a heating system has been renovated or created according to the described 
guidelines, in ideal circumstances up to 50% energy savings can be achieved. 

50% savings come from:

• Applying automatic temperature control (e.g. TRV’s) on each radiator (up to 25%)  
Minimize energy use by responding to internal and external heat load. The 
more stable the room temperature, the less energy is lost. The ability to control 
the room temperature results in a more efficient behavior from residents.

• Use of automatic balancing solutions to control water flows (up to 20%)  
The use of automatic balancing solutions lower the average building tempera-
ture. It also increases the efficiency of the heat source and reduces heat loss in 
transportation pipes. Weather compensated controllers that previously were 
set at higher temperature levels due to comfort problems now can be lowered, 
working more efficiently thanks to proper hydronic balancing. 

• Use of speed controlled pumps (up to 5%) 
Although it seems that the use of speed controlled pumps just offer a small 
contribution to the total saving, it’s actually an easy to implement solution that 
saves up to 70% !  compared to the amount of electricity used by traditional, 
fixed speed pumps. Besides that they ensure best working conditions for the 
other system components.

7. Energy saving expectations

3%

97%

Boilers Pumps

6%

94%

Boilers Pumps
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Achieving energy efficient and complaint free heating systems in buildings can be 
a challenge. Experience learns that in many buildings/systems a hydronic balance 
is not established. Hydronic imbalances are the root cause for high energy bills and 
resident complaints about the heating system. 

Fortunately, solutions to solve the imbalances are available. Automatic hydronic 
balancing at the risers or directly at the radiators, speed controlled pumps with 
different setting options, a proper water quality and proper commissioning of the 
system secure optimized functionality and performance of the heating system. It 
benefits both building owners as well as building users or residents.

In addition to the above mentioned short term benefits investing in improved 
heating systems also allows the energy savings achieved to be invested into new, 
additional energy saving measures. In the long term our buildings will become 
more and more sustainable but it only makes sense to invest in sustainable energy 
systems after the efficiency of existing energy usage is secured. In the near future 
we will get to see many heating technology developments. No matter the innova-
tion, all rely on a proper basis of well balanced and optimized water distribution. 

8. Conclusion

6%

94%

Boilers Pumps



© Copyright Danfoss | Pravda.dk | 2015.10VFA9A102

Danfoss A/S · Heating Segment · Ulvehavevej 61 · 7100 Vejle · Denmark
Tel.: +45 7488 8500 · Email: heating@danfoss.com · www.heating.danfoss.com

Case studies
To support the whitepaper with practical cases we collected a few case study 
documents for inspiration.  You can click on the below mentioned studies to open 
a case story PDF document. 

www.hbc.danfoss.com

balanced to perfection
by automatic balancing 
valves from Danfoss

377floors

The skyline of Bucharest has changed forever with the new Sky 
Tower rising to 137 meters making it the tallest building in Romania. 
The powerful landmark offers 37 floors of modern offices, confer-
ence facilities and a first class restaurant. With its impressive archi-
tecture and advanced technological solutions, the Sky Tower meets 
both the highest aesthetic and technical standards to create the 
perfect contemporary office building. 

Fine architecture and pleasant indoor climate are not the only 
advantages of the Bucharest beauty. Hidden in the structures and 
installations is a highly energy efficient heating and cooling system 
fulfilling and even surpassing the requirements of the EU Building 
Performance Energy Directive.

Two sister buildings are also part of the high-rise complex, compris-
ing the Sky Tower, the Floreasca City Centre and the Promenada 
Mall. All three buildings feature the same heating and cooling sys-
tems that are all equipped with balancing valves from Danfoss.   
 
New standards for indoor climate and energy efficiency
The vision of the building owner Raiffeisen was to create a unique 
building with the most advanced technical solutions to provide a 
pleasant and healthy indoor climate for the people working in the 
building while at the same time to save energy and protect the 
environment.

Sky Tower in Romania
– A landmark of energy efficiency

Case story

Case story | Dynamic ValveTM

Historical school 
building gains  
comfort and control  
of its heating system
When Sønderborg State School moved into the city’s old 
courthouse, the Danish high school inherited a chaotically 
constructed heating system and poor hydronic balance  
with their purchase. The solution? New Dynamic Valve™ 
radiator valves from Danfoss.

dynamic.danfoss.com

7 year
pay-back period  
and the comfort  
of a well-balanced  
heating system.

Case story | Dynamic Valve™ field test

Energy savings and 
improved comfort for 
56 year old apartment 
building
A field test performed in a residential building from 1958 
shows that the installation of Danfoss Dynamic Valve™ leads 
to improved hydronic balancing, substantial energy savings 
and improved comfort for all of its residents. 

The field test was carried out during the heating season  
of 2013-14. 

dynamic.danfoss.com

 11% 
Energy saving

Riser mounted automatic 
balancing case study:

Radiator mounted automatic 
balancing case studies:

Speed controlled pump 
case study:

About  
This whitepaper is prepared for you by heating specialists from Danfoss A/S and  
Grundfos A/S. Both are Danish companies with a long history in developing high 
quality products and solutions that achieve energy efficiency and increased comfort 
in heating systems. We hope the content in this whitepaper is supporting everybody 
involved in designing, commissioning and servicing two-pipe heating systems. In case 
you have any questions or comments about this whitepaper or the products and solu-
tions mentioned feel free to contact your local Danfoss or Grundfos sales office.

CLICK TO READ CLICK TO READ CLICK TO READ CLICK TO READ

GRUNDFOS Holding A/S
Poul Due Jensens Vej 7 · 8850 Bjerringbro · Denmark
Tel.: +45 8750 1400 · www.grundfos.com

Danfoss A/S · Heating Segment
Ulvehavevej 61 · 7100 Vejle · Denmark
Tel.: +45 7488 8500 · Email: heating@danfoss.com · www.heating.danfoss.com

http://danfoss.ipapercms.dk/Heating/AutoGen/38885_44795/
http://danfoss.ipapercms.dk/Heating/AutoGen/41956_49204/
http://danfoss.ipapercms.dk/Heating/AutoGen/37703_45855/
http://www.grundfos.com/cases/find-case/polish-housing-society-breaks-with-tradition.html
http://danfoss.ipapercms.dk/Heating/AutoGen/38885_44795/
http://danfoss.ipapercms.dk/Heating/AutoGen/41956_49204/
http://danfoss.ipapercms.dk/Heating/AutoGen/37703_45855/
http://www.grundfos.com/cases/find-case/polish-housing-society-breaks-with-tradition.html




DIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 


of 19 May 2010 


on the energy performance of buildings 


(recast) 


THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE 
EUROPEAN UNION, 


Having regard to the Treaty on the Functioning of the European 
Union, and in particular Article 194(2) thereof, 


Having regard to the proposal from the European Commission, 


Having regard to the opinion of the European Economic and 
Social Committee ( 1 ), 


Having regard to the opinion of the Committee of the 
Regions ( 2 ), 


Acting in accordance with the ordinary legislative procedure ( 3 ), 


Whereas: 


(1) Directive 2002/91/EC of the European Parliament and of 
the Council of 16 December 2002 on the energy 
performance of buildings ( 4 ) has been amended ( 5 ). 
Since further substantive amendments are to be made, 
it should be recast in the interests of clarity. 


(2) An efficient, prudent, rational and sustainable utilisation 
of energy applies, inter alia, to oil products, natural gas 
and solid fuels, which are essential sources of energy, but 
also the leading sources of carbon dioxide emissions. 


(3) Buildings account for 40 % of total energy consumption 
in the Union. The sector is expanding, which is bound to 
increase its energy consumption. Therefore, reduction of 
energy consumption and the use of energy from 
renewable sources in the buildings sector constitute 
important measures needed to reduce the Union’s 
energy dependency and greenhouse gas emissions. 


Together with an increased use of energy from renewable 
sources, measures taken to reduce energy consumption 
in the Union would allow the Union to comply with the 
Kyoto Protocol to the United Nations Framework 
Convention on Climate Change (UNFCCC), and to 
honour both its long term commitment to maintain 
the global temperature rise below 2 °C, and its 
commitment to reduce, by 2020, overall greenhouse 
gas emissions by at least 20 % below 1990 levels, and 
by 30 % in the event of an international agreement being 
reached. Reduced energy consumption and an increased 
use of energy from renewable sources also have an 
important part to play in promoting security of energy 
supply, technological developments and in creating 
opportunities for employment and regional development, 
in particular in rural areas. 


(4) Management of energy demand is an important tool 
enabling the Union to influence the global energy 
market and hence the security of energy supply in the 
medium and long term. 


(5) The European Council of March 2007 emphasised the 
need to increase energy efficiency in the Union so as 
to achieve the objective of reducing by 20 % the 
Union’s energy consumption by 2020 and called for a 
thorough and rapid implementation of the priorities 
established in the Commission Communication entitled 
‘Action plan for energy efficiency: realising the potential’. 
That action plan identified the significant potential for 
cost-effective energy savings in the buildings sector. The 
European Parliament, in its resolution of 31 January 
2008, called for the strengthening of the provisions of 
Directive 2002/91/EC, and has called at various times, on 
the latest occasion in its resolution of 3 February 2009 
on the Second Strategic Energy Review, for the 20 % 
energy efficiency target in 2020 to be made binding. 
Moreover, Decision No 406/2009/EC of the European 
Parliament and of the Council of 23 April 2009 on 
the effort of Member States to reduce their greenhouse 
gas emissions to meet the Community’s greenhouse gas 
emission reduction commitments up to 2020 ( 6 ), sets 
national binding targets for CO 2 reduction for which 
energy efficiency in the building sector will be crucial, 
and Directive 2009/28/EC of the European Parliament 
and of the Council of 23 April 2009 on the 
promotion of the use of energy from renewable 
sources ( 7 ) provides for the promotion of energy effi
ciency in the context of a binding target for energy 
from renewable sources accounting for 20 % of total 
Union energy consumption by 2020.
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( 1 ) OJ C 277, 17.11.2009, p. 75. 
( 2 ) OJ C 200, 25.8.2009, p. 41. 
( 3 ) Position of the European Parliament of 23 April 2009 (not yet 


published in the Official Journal), position of the Council at first 
reading of 14 April 2010 (not yet published in the Official Journal), 
position of the European Parliament of 18 May 2010 (not yet 
published in the Official Journal). 


( 4 ) OJ L 1, 4.1.2003, p. 65. 
( 5 ) See Annex IV, Part A. 


( 6 ) OJ L 140, 5.6.2009, p. 136. 
( 7 ) OJ L 140, 5.6.2009, p. 16.







(6) The European Council of March 2007 reaffirmed the 
Union’s commitment to the Union-wide development 
of energy from renewable sources by endorsing a 
mandatory target of a 20 % share of energy from 
renewable sources by 2020. Directive 2009/28/EC estab
lishes a common framework for the promotion of energy 
from renewable sources. 


(7) It is necessary to lay down more concrete actions with a 
view to achieving the great unrealised potential for 
energy savings in buildings and reducing the large 
differences between Member States’ results in this sector. 


(8) Measures to improve further the energy performance of 
buildings should take into account climatic and local 
conditions as well as indoor climate environment and 
cost-effectiveness. These measures should not affect 
other requirements concerning buildings such as accessi
bility, safety and the intended use of the building. 


(9) The energy performance of buildings should be 
calculated on the basis of a methodology, which may 
be differentiated at national and regional level. That 
includes, in addition to thermal characteristics, other 
factors that play an increasingly important role such as 
heating and air-conditioning installations, application of 
energy from renewable sources, passive heating and 
cooling elements, shading, indoor air-quality, adequate 
natural light and design of the building. The 
methodology for calculating energy performance should 
be based not only on the season in which heating is 
required, but should cover the annual energy 
performance of a building. That methodology should 
take into account existing European standards. 


(10) It is the sole responsibility of Member States to set 
minimum requirements for the energy performance of 
buildings and building elements. Those requirements 
should be set with a view to achieving the cost-optimal 
balance between the investments involved and the energy 
costs saved throughout the lifecycle of the building, 
without prejudice to the right of Member States to set 
minimum requirements which are more energy efficient 
than cost-optimal energy efficiency levels. Provision 
should be made for the possibility for Member States 
to review regularly their minimum energy performance 
requirements for buildings in the light of technical 
progress. 


(11) The objective of cost-effective or cost-optimal energy 
efficiency levels may, in certain circumstances, for 


example in the light of climatic differences, justify the 
setting by Member States of cost-effective or cost- 
optimal requirements for building elements that would 
in practice limit the installation of building products that 
comply with standards set by Union legislation, provided 
that such requirements do not constitute an unjustifiable 
market barrier. 


(12) When setting energy performance requirements for 
technical building systems, Member States should use, 
where available and appropriate, harmonised instruments, 
in particular testing and calculation methods and energy 
efficiency classes developed under measures imple
menting Directive 2009/125/EC of the European 
Parliament and of the Council of 21 October 2009 estab
lishing a framework for the setting of ecodesign 
requirements for energy-related products ( 1 ) and 
Directive 2010/30/EU of the European Parliament and 
of the Council of 19 May 2010 on the indication by 
labelling and standard product information of the 
consumption of energy and other resources by energy- 
related products ( 2 ), with a view to ensuring coherence 
with related initiatives and minimise, to the extent 
possible, potential fragmentation of the market. 


(13) This Directive is without prejudice to Articles 107 and 
108 of the Treaty on the Functioning of the European 
Union (TFEU). The term ‘incentive’ used in this Directive 
should not therefore be interpreted as constituting State 
aid. 


(14) The Commission should lay down a comparative 
methodology framework for calculating cost-optimal 
levels of minimum energy performance requirements. 
Member States should use this framework to compare 
the results with the minimum energy performance 
requirements which they have adopted. Should significant 
discrepancies, i.e. exceeding 15 %, exist between the 
calculated cost-optimal levels of minimum energy 
performance requirements and the minimum energy 
performance requirements in force, Member States 
should justify the difference or plan appropriate steps 
to reduce the discrepancy. The estimated economic 
lifecycle of a building or building element should be 
determined by Member States, taking into account 
current practices and experience in defining typical 
economic lifecycles. The results of this comparison and 
the data used to reach these results should be regularly 
reported to the Commission. These reports should enable 
the Commission to assess and report on the progress of 
Member States in reaching cost-optimal levels of 
minimum energy performance requirements.
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(15) Buildings have an impact on long-term energy 
consumption. Given the long renovation cycle for 
existing buildings, new, and existing buildings that are 
subject to major renovation, should therefore meet 
minimum energy performance requirements adapted to 
the local climate. As the application of alternative energy 
supply systems is not generally explored to its full 
potential, alternative energy supply systems should be 
considered for new buildings, regardless of their size, 
pursuant to the principle of first ensuring that energy 
needs for heating and cooling are reduced to cost- 
optimal levels. 


(16) Major renovations of existing buildings, regardless of 
their size, provide an opportunity to take cost-effective 
measures to enhance energy performance. For reasons of 
cost-effectiveness, it should be possible to limit the 
minimum energy performance requirements to the 
renovated parts that are most relevant for the energy 
performance of the building. Member States should be 
able to choose to define a ‘major renovation’ either in 
terms of a percentage of the surface of the building 
envelope or in terms of the value of the building. If a 
Member State decides to define a major renovation in 
terms of the value of the building, values such as the 
actuarial value, or the current value based on the cost of 
reconstruction, excluding the value of the land upon 
which the building is situated, could be used. 


(17) Measures are needed to increase the number of buildings 
which not only fulfil current minimum energy 
performance requirements, but are also more energy 
efficient, thereby reducing both energy consumption 
and carbon dioxide emissions. For this purpose 
Member States should draw up national plans for 
increasing the number of nearly zero-energy buildings 
and regularly report such plans to the Commission. 


(18) Union financial instruments and other measures are 
being put into place or adapted with the aim of stimu
lating energy efficiency-related measures. Such financial 
instruments at Union level include, inter alia, Regulation 
(EC) No 1080/2006 of the European Parliament and of 
the Council of 5 July 2006 on the European Regional 
Development Fund ( 1 ), amended to allow increased 
investments in energy efficiency in housing; the public- 
private partnership on a ‘European energy-efficient 
buildings’ initiative to promote green technologies and 
the development of energy-efficient systems and 
materials in new and renovated buildings; the EC- 
European Investment Bank (EIB) initiative ‘EU sustainable 


energy financing initiative’ which aims to enable, inter 
alia, investments for energy efficiency and the EIB-led 
‘Marguerite Fund’: the 2020 European Fund for Energy, 
Climate Change and Infrastructure; Council Directive 
2009/47/EC of 5 May 2009 amending Directive 
2006/112/EC as regards reduced rates of value added 
tax ( 2 ), structural and cohesion funds instrument 
Jeremie (Joint European Resources for micro to 
medium enterprises); the Energy Efficiency Finance 
Facility; the Competitiveness and Innovation Framework 
Programme including the Intelligent Energy Europe II 
Programme focused specifically on removing market 
barriers related to energy efficiency and energy from 
renewable sources through for example the technical 
assistance facility ELENA (European Local Energy 
Assistance); the Covenant of Mayors; the Entrepre
neurship and Innovation programme; the ICT Policy 
Support Programme 2010, and the Seventh Research 
Framework Programme. The European Bank for Recon
struction and Development also provides funding with 
the aim of stimulating energy-efficiency-related measures. 


(19) Union financial instruments should be used to give 
practical effect to the objectives of this Directive, 
without however substituting national measures. In 
particular, they should be used for providing appropriate 
and innovative means of financing to catalyse investment 
in energy efficiency measures. They could play an 
important role in the development of national, regional 
and local energy efficiency funds, instruments, or 
mechanisms, which deliver such financing possibilities 
to private property owners, to small and medium-sized 
enterprises and to energy efficiency service companies. 


(20) In order to provide the Commission with adequate 
information, Member States should draw up lists of 
existing and proposed measures, including those of a 
financial nature, other than those required by this 
Directive, which promote the objectives of this Directive. 
The existing and proposed measures listed by Member 
States may include, in particular, measures that aim to 
reduce existing legal and market barriers and encourage 
investments and/or other activities to increase the energy 
efficiency of new and existing buildings, thus potentially 
contributing to reducing energy poverty. Such measures 
could include, but should not be limited to, free or 
subsidised technical assistance and advice, direct 
subsidies, subsidised loan schemes or low interest loans, 
grant schemes and loan guarantee schemes. The public 
authorities and other institutions which provide those 
measures of a financial nature could link the application 
of such measures to the indicated energy performance 
and the recommendations from energy performance 
certificates.
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(21) In order to limit the reporting burden on Member States 
it should be possible to integrate the reports required by 
this Directive into the Energy Efficiency Action Plans 
referred to in Article 14(2) of Directive 2006/32/EC of 
the European Parliament and of the Council of 5 April 
2006 on energy end-use efficiency and energy 
services ( 1 ). The public sector in each Member State 
should lead the way in the field of energy performance 
of buildings, and therefore the national plans should set 
more ambitious targets for the buildings occupied by 
public authorities. 


(22) The prospective buyer and tenant of a building or 
building unit should, in the energy performance 
certificate, be given correct information about the 
energy performance of the building and practical advice 
on improving such performance. Information campaigns 
may serve to further encourage owners and tenants to 
improve the energy performance of their building or 
building unit. Owners and tenants of commercial 
buildings should also be encouraged to exchange 
information regarding actual energy consumption, in 
order to ensure that all the data are available to make 
informed decisions about necessary improvements. The 
energy performance certificate should also provide 
information about the actual impact of heating and 
cooling on the energy needs of the building, on its 
primary energy consumption and on its carbon dioxide 
emissions. 


(23) Public authorities should lead by example and should 
endeavour to implement the recommendations included 
in the energy performance certificate. Member States 
should include within their national plans measures to 
support public authorities to become early adopters of 
energy efficiency improvements and to implement the 
recommendations included in the energy performance 
certificate as soon as feasible. 


(24) Buildings occupied by public authorities and buildings 
frequently visited by the public should set an example 
by showing that environmental and energy 
considerations are being taken into account and 
therefore those buildings should be subject to energy 
certification on a regular basis. The dissemination to 
the public of information on energy performance 
should be enhanced by clearly displaying these energy 
performance certificates, in particular in buildings of a 
certain size which are occupied by public authorities or 
which are frequently visited by the public, such as shops 
and shopping centres, supermarkets, restaurants, theatres, 
banks and hotels. 


(25) Recent years have seen a rise in the number of air-condi
tioning systems in European countries. This creates 
considerable problems at peak load times, increasing 


the cost of electricity and disrupting the energy 
balance. Priority should be given to strategies which 
enhance the thermal performance of buildings during 
the summer period. To that end, there should be focus 
on measures which avoid overheating, such as shading 
and sufficient thermal capacity in the building 
construction, and further development and application 
of passive cooling techniques, primarily those that 
improve indoor climatic conditions and the micro- 
climate around buildings. 


(26) Regular maintenance and inspection of heating and air- 
conditioning systems by qualified personnel contributes 
to maintaining their correct adjustment in accordance 
with the product specification and in that way ensures 
optimal performance from an environmental, safety and 
energy point of view. An independent assessment of the 
entire heating and air-conditioning system should occur 
at regular intervals during its lifecycle in particular before 
its replacement or upgrading. In order to minimise the 
administrative burden on building owners and tenants, 
Member States should endeavour to combine inspections 
and certifications as far as possible. 


(27) A common approach to the energy performance certifi
cation of buildings and to the inspection of heating and 
air-conditioning systems, carried out by qualified and/or 
accredited experts, whose independence is to be guar
anteed on the basis of objective criteria, will contribute 
to a level playing field as regards efforts made in Member 
States to energy saving in the buildings sector and will 
introduce transparency for prospective owners or users 
with regard to energy performance in the Union property 
market. In order to ensure the quality of energy 
performance certificates and of the inspection of 
heating and air-conditioning systems throughout the 
Union, an independent control mechanism should be 
established in each Member State. 


(28) Since local and regional authorities are critical for the 
successful implementation of this Directive, they should 
be consulted and involved, as and when appropriate in 
accordance with applicable national legislation, on 
planning issues, the development of programmes to 
provide information, training and awareness-raising, and 
on the implementation of this Directive at national or 
regional level. Such consultations may also serve to 
promote the provision of adequate guidance to local 
planners and building inspectors to carry out the 
necessary tasks. Furthermore, Member States should 
enable and encourage architects and planners to 
properly consider the optimal combination of 
improvements in energy efficiency, use of energy from 
renewable sources and use of district heating and cooling 
when planning, designing, building and renovating 
industrial or residential areas.
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(29) Installers and builders are critical for the successful 
implementation of this Directive. Therefore, an 
adequate number of installers and builders should, 
through training and other measures, have the appro
priate level of competence for the installation and inte
gration of the energy efficient and renewable energy tech
nology required. 


(30) Member States should take account of Directive 
2005/36/EC of the European Parliament and of the 
Council of 7 September 2005 on the recognition of 
professional qualifications ( 1 ) with regard to the mutual 
recognition of professional experts which are addressed 
by this Directive, and the Commission should continue 
its activities under the Intelligent Energy Europe 
Programme on guidelines and recommendations for 
standards for the training of such professional experts. 


(31) In order to enhance the transparency of energy 
performance in the Union’s non-residential property 
market, uniform conditions for a voluntary common 
certification scheme for the energy performance of 
non-residential buildings should be established. In 
accordance with Article 291 TFEU, rules and general 
principles concerning mechanisms for control by 
Member States of the Commission’s exercise of imple
menting powers shall be laid down in advance by a 
regulation adopted in accordance with the ordinary legis
lative procedure. Pending the adoption of that new regu
lation, Council Decision 1999/468/EC of 28 June 1999 
laying down the procedures for the exercise of imple
menting powers conferred on the Commission ( 2 ) 
continues to apply, with the exception of the regulatory 
procedure with scrutiny, which is not applicable. 


(32) The Commission should be empowered to adopt 
delegated acts in accordance with Article 290 TFEU in 
respect of the adaptation to technical progress of certain 
parts of the general framework set out in Annex I, and in 
respect of the establishment of a methodology 
framework for calculating cost-optimal levels of 
minimum energy performance requirements. It is of 
particular importance that the Commission carry out 
appropriate consultations during its preparatory work, 
including at expert level. 


(33) Since the objective of this Directive, namely of enhancing 
the energy performance of buildings, cannot be 
sufficiently achieved by the Member States, due to the 
complexity of the buildings sector and the inability of the 
national housing markets to adequately address the chal
lenges of energy efficiency, and can by the reason of the 
scale and the effects of the action be better achieved at 
Union level, the Union may adopt measures, in 
accordance with the principle of subsidiarity as set out 
in Article 5 of the Treaty on European Union. In 
accordance with the principles of proportionality, as set 
out in that Article, this Directive does not go beyond 
what is necessary in order to achieve that objective. 


(34) The obligation to transpose this Directive into national 
law should be confined to those provisions which 
represent a substantive change as compared with 
Directive 2002/91/EC. The obligation to transpose the 
provisions which are unchanged arises under that 
Directive. 


(35) This Directive should be without prejudice to the obli
gations of the Member States relating to the time limits 
for transposition into national law and application of the 
Directive 2002/91/EC. 


(36) In accordance with point 34 of the Interinstitutional 
Agreement on better law-making ( 3 ), Member States are 
encouraged to draw up, for themselves and in the interest 
of the Union, their own tables, illustrating, as far as 
possible, the correlation between this Directive and the 
transposition measures, and to make them public, 


HAVE ADOPTED THIS DIRECTIVE: 


Article 1 


Subject matter 


1. This Directive promotes the improvement of the energy 
performance of buildings within the Union, taking into account 
outdoor climatic and local conditions, as well as indoor climate 
requirements and cost-effectiveness. 


2. This Directive lays down requirements as regards: 


(a) the common general framework for a methodology for 
calculating the integrated energy performance of buildings 
and building units; 


(b) the application of minimum requirements to the energy 
performance of new buildings and new building units; 


(c) the application of minimum requirements to the energy 
performance of: 


(i) existing buildings, building units and building elements 
that are subject to major renovation; 


(ii) 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 retrofitted or replaced; and 


(iii) technical building systems whenever they are installed, 
replaced or upgraded;
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(d) national plans for increasing the number of nearly zero- 
energy buildings; 


(e) energy certification of buildings or building units; 


(f) regular inspection of heating and air-conditioning systems 
in buildings; and 


(g) independent control systems for energy performance 
certificates and inspection reports. 


3. The requirements laid down in this Directive are 
minimum requirements and shall not prevent any Member 
State from maintaining or introducing more stringent 
measures. Such measures shall be compatible with the Treaty 
on the Functioning of the European Union. They shall be 
notified to the Commission. 


Article 2 


Definitions 


For the purpose of this Directive, the following definitions shall 
apply: 


1. ‘building’ means a roofed construction having walls, for 
which energy is used to condition the indoor climate; 


2. ‘nearly zero-energy building’ means a building that has a 
very high energy performance, as determined in accordance 
with Annex I. The nearly zero or very low amount of 
energy required should be covered to a very significant 
extent by energy from renewable sources, including 
energy from renewable sources produced on-site or nearby; 


3. ‘technical building system’ means technical equipment for 
the heating, cooling, ventilation, hot water, lighting or for a 
combination thereof, of a building or building unit; 


4. ‘energy performance of a building’ means the calculated or 
measured amount of energy needed to meet the energy 
demand associated with a typical use of the building, 
which includes, inter alia, energy used for heating, 
cooling, ventilation, hot water and lighting; 


5. ‘primary energy’ means energy from renewable and non- 
renewable sources which has not undergone any 
conversion or transformation process; 


6. ‘energy from renewable sources’ means energy from 
renewable non-fossil sources, namely wind, solar, aero
thermal, geothermal, hydrothermal and ocean energy, 
hydropower, biomass, landfill gas, sewage treatment plant 
gas and biogases; 


7. ‘building envelope’ means the integrated elements of a 
building which separate its interior from the outdoor 
environment; 


8. ‘building unit’ means a section, floor or apartment within a 
building which is designed or altered to be used separately; 


9. ‘building element’ means a technical building system or an 
element of the building envelope; 


10. ‘major renovation’ means the renovation of a building 
where: 


(a) the total cost of the renovation relating to the building 
envelope or the technical building systems is higher 
than 25 % of the value of the building, excluding the 
value of the land upon which the building is situated; 
or 


(b) more than 25 % of the surface of the building envelope 
undergoes renovation; 


Member States may choose to apply option (a) or (b). 


11. ‘European standard’ means a standard adopted by the 
European Committee for Standardisation, the European 
Committee for Electrotechnical Standardisation or the 
European Telecommunications Standards Institute and 
made available for public use; 


12. ‘energy performance certificate’ means a certificate 
recognised by a Member State or by a legal person 
designated by it, which indicates the energy performance 
of a building or building unit, calculated according to a 
methodology adopted in accordance with Article 3; 


13. ‘cogeneration’ means simultaneous generation in one 
process of thermal energy and electrical and/or mechanical 
energy; 


14. ‘cost-optimal level’ means the energy performance level 
which leads to the lowest cost during the estimated 
economic lifecycle, where: 


(a) the lowest cost is determined taking into account 
energy-related investment costs, maintenance and 
operating costs (including energy costs and savings, 
the category of building concerned, earnings from 
energy produced), where applicable, and disposal 
costs, where applicable; and
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(b) the estimated economic lifecycle is determined by each 
Member State. It refers to the remaining estimated 
economic lifecycle of a building where energy 
performance requirements are set for the building as 
a whole, or to the estimated economic lifecycle of a 
building element where energy performance 
requirements are set for building elements. 


The cost-optimal level shall lie within the range of 
performance levels where the cost benefit analysis 
calculated over the estimated economic lifecycle is positive; 


15. ‘air-conditioning system’ means a combination of the 
components required to provide a form of indoor air 
treatment, by which temperature is controlled or can be 
lowered; 


16. ‘boiler’ means the combined boiler body-burner unit, 
designed to transmit to fluids the heat released from 
burning; 


17. ‘effective rated output’ means the maximum calorific 
output, expressed in kW, specified and guaranteed by the 
manufacturer as being deliverable during continuous 
operation while complying with the useful efficiency 
indicated by the manufacturer; 


18. ‘heat pump’ means a machine, a device or installation that 
transfers heat from natural surroundings such as air, water 
or ground to buildings or industrial applications by 
reversing the natural flow of heat such that it flows from 
a lower to a higher temperature. For reversible heat pumps, 
it may also move heat from the building to the natural 
surroundings; 


19. ‘district heating’ or ‘district cooling’ means the distribution 
of thermal energy in the form of steam, hot water or 
chilled liquids, from a central source of production 
through a network to multiple buildings or sites, for the 
use of space or process heating or cooling. 


Article 3 


Adoption of a methodology for calculating the energy 
performance of buildings 


Member States shall apply a methodology for calculating the 
energy performance of buildings in accordance with the 
common general framework set out in Annex I. 


This methodology shall be adopted at national or regional level. 


Article 4 


Setting of minimum energy performance requirements 


1. Member States shall take the necessary measures to ensure 
that minimum energy performance requirements for buildings 
or building units are set with a view to achieving cost-optimal 
levels. The energy performance shall be calculated in accordance 
with the methodology referred to in Article 3. Cost-optimal 
levels shall be calculated in accordance with the comparative 
methodology framework referred to in Article 5 once the 
framework is in place. 


Member States shall 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. 


When setting requirements, Member States may differentiate 
between new and existing buildings and between different 
categories of buildings. 


These requirements shall take account of general indoor climate 
conditions, in order to avoid possible negative effects such as 
inadequate ventilation, as well as local conditions and the 
designated function and the age of the building. 


A Member State shall not be required to set minimum energy 
performance requirements which are not cost-effective over the 
estimated economic lifecycle. 


Minimum energy performance requirements shall be reviewed at 
regular intervals which shall not be longer than five years and, if 
necessary, shall be updated in order to reflect technical progress 
in the building sector. 


2. Member States may decide not to set or apply the 
requirements referred to in paragraph 1 to the following 
categories of buildings: 


(a) buildings officially protected as part of a designated 
environment or because of their special architectural or 
historical merit, in so far as compliance with certain 
minimum energy performance requirements would unac
ceptably alter their character or appearance; 


(b) buildings used as places of worship and for religious 
activities;
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(c) temporary buildings with a time of use of two years or less, 
industrial sites, workshops and non-residential agricultural 
buildings with low energy demand and non-residential agri
cultural buildings which are in use by a sector covered by a 
national sectoral agreement on energy performance; 


(d) residential buildings which are used or intended to be used 
for either less than four months of the year or, alternatively, 
for a limited annual time of use and with an expected 
energy consumption of less than 25 % of what would be 
the result of all-year use; 


(e) stand-alone buildings with a total useful floor area of less 
than 50 m 2 . 


Article 5 


Calculation of cost-optimal levels of minimum energy 
performance requirements 


1. The Commission shall establish by means of delegated 
acts in accordance with Articles 23, 24 and 25 by 30 June 
2011 a comparative methodology framework for calculating 
cost-optimal levels of minimum energy performance 
requirements for buildings and building elements. 


The comparative methodology framework shall be established 
in accordance with Annex III and shall differentiate between 
new and existing buildings and between different categories of 
buildings. 


2. Member States shall calculate cost-optimal levels of 
minimum energy performance requirements using the 
comparative methodology framework established in accordance 
with paragraph 1 and relevant parameters, such as climatic 
conditions and the practical accessibility of energy infra
structure, and compare the results of this calculation with the 
minimum energy performance requirements in force. 


Member States shall report to the Commission all input data 
and assumptions used for those calculations and the results of 
those calculations. The report may be included in the Energy 
Efficiency Action Plans referred to in Article 14(2) of Directive 
2006/32/EC. Member States shall submit those reports to the 
Commission at regular intervals, which shall not be longer than 
five years. The first report shall be submitted by 30 June 2012. 


3. If the result of the comparison performed in accordance 
with paragraph 2 shows that the minimum energy performance 
requirements in force are significantly less energy efficient than 
cost-optimal levels of minimum energy performance 
requirements, the Member State concerned shall justify this 
difference in writing to the Commission in the report referred 
to in paragraph 2, accompanied, to the extent that the gap 
cannot be justified, by a plan outlining appropriate steps to 
significantly reduce the gap by the next review of the energy 
performance requirements as referred to in Article 4(1). 


4. The Commission shall publish a report on the progress of 
the Member States in reaching cost-optimal levels of minimum 
energy performance requirements. 


Article 6 


New buildings 


1. Member States shall take the necessary measures to ensure 
that new buildings meet the minimum energy performance 
requirements set in accordance with Article 4. 


For new buildings, Member States shall ensure that, before 
construction starts, the technical, environmental and economic 
feasibility of high-efficiency alternative systems such as those 
listed below, if available, is considered and taken into account: 


(a) decentralised energy supply systems based on energy from 
renewable sources; 


(b) cogeneration; 


(c) district or block heating or cooling, particularly where it is 
based entirely or partially on energy from renewable 
sources; 


(d) heat pumps. 


2. Member States shall ensure that the analysis of alternative 
systems referred to in paragraph 1 is documented and available 
for verification purposes. 


3. That analysis of alternative systems may be carried out for 
individual buildings or for groups of similar buildings or for 
common typologies of buildings in the same area. As far as 
collective heating and cooling systems are concerned, the 
analysis may be carried out for all buildings connected to the 
system in the same area. 


Article 7 


Existing buildings 


Member States shall take the necessary measures to ensure that 
when buildings undergo major renovation, the energy 
performance of the building or the renovated part thereof is 
upgraded in order to meet minimum energy performance 
requirements set in accordance with Article 4 in so far as this 
is technically, functionally and economically feasible. 


Those requirements shall be applied to the renovated building 
or building unit as a whole. Additionally or alternatively, 
requirements may be applied to the renovated building 
elements.
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Member States shall in addition take the necessary measures to 
ensure that when a building element that forms part of the 
building envelope and has a significant impact on the energy 
performance of the building envelope, is retrofitted or replaced, 
the energy performance of the building element meets 
minimum energy performance requirements in so far as this 
is technically, functionally and economically feasible. 


Member States shall determine these minimum energy 
performance requirements in accordance with Article 4. 


Member States shall encourage, in relation to buildings 
undergoing major renovation, the consideration and taking 
into account of high-efficiency alternative systems, as referred 
to in Article 6(1), in so far as this is technically, functionally and 
economically feasible. 


Article 8 


Technical building systems 


1. Member States shall, for the purpose of optimising the 
energy use of technical building systems, set system 
requirements in respect of the overall energy performance, the 
proper installation, and the appropriate dimensioning, 
adjustment and control of the technical building systems 
which are installed in existing buildings. Member States may 
also apply these system requirements to new buildings. 


System requirements shall be set for new, replacement and 
upgrading of technical building systems and shall be applied 
in so far as they are technically, economically and functionally 
feasible. 


The system requirements shall cover at least the following: 


(a) heating systems; 


(b) hot water systems; 


(c) air-conditioning systems; 


(d) large ventilation systems; 


or a combination of such systems. 


2. Member States shall encourage the introduction of intel
ligent metering systems whenever a building is constructed or 
undergoes major renovation, whilst ensuring that this encour
agement is in line with point 2 of Annex I to Directive 
2009/72/EC of the European Parliament and of the Council 
of 13 July 2009 concerning common rules for the internal 
market in electricity ( 1 ). Member States may furthermore 


encourage, where appropriate, the installation of active control 
systems such as automation, control and monitoring systems 
that aim to save energy. 


Article 9 


Nearly zero-energy buildings 


1. Member States shall ensure that: 


(a) by 31 December 2020, all new buildings are nearly zero- 
energy buildings; and 


(b) after 31 December 2018, new buildings occupied and 
owned by public authorities are nearly zero-energy 
buildings. 


Member States shall draw up national plans for increasing the 
number of nearly zero-energy buildings. These national plans 
may include targets differentiated according to the category of 
building. 


2. Member States shall furthermore, following the leading 
example of the public sector, develop policies and take 
measures such as the setting of targets in order to stimulate 
the transformation of buildings that are refurbished into nearly 
zero-energy buildings, and inform the Commission thereof in 
their national plans referred to in paragraph 1. 


3. The national plans shall include, inter alia, the following 
elements: 


(a) the Member State’s detailed application in practice of the 
definition of nearly zero-energy buildings, reflecting their 
national, regional or local conditions, and including a 
numerical indicator of primary energy use expressed in 
kWh/m 2 per year. Primary energy factors used for the deter
mination of the primary energy use may be based on 
national or regional yearly average values and may take 
into account relevant European standards; 


(b) intermediate targets for improving the energy performance 
of new buildings, by 2015, with a view to preparing the 
implementation of paragraph 1; 


(c) information on the policies and financial or other measures 
adopted in the context of paragraphs 1 and 2 for the 
promotion of nearly zero-energy buildings, including 
details of national requirements and measures concerning 
the use of energy from renewable sources in new 
buildings and existing buildings undergoing major reno
vation in the context of Article 13(4) of Directive 
2009/28/EC and Articles 6 and 7 of this Directive.
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4. The Commission shall evaluate the national plans referred 
to in paragraph 1, notably the adequacy of the measures 
envisaged by the Member State in relation to the objectives of 
this Directive. The Commission, taking due account of the 
principle of subsidiarity, may request further specific 
information regarding the requirements set out in paragraphs 
1, 2 and 3. In that case, the Member State concerned shall 
submit the requested information or propose amendments 
within nine months following the request from the 
Commission. Following its evaluation, the Commission may 
issue a recommendation. 


5. The Commission shall by 31 December 2012 and every 
three years thereafter publish a report on the progress of 
Member States in increasing the number of nearly zero-energy 
buildings. On the basis of that report the Commission shall 
develop an action plan and, if necessary, propose measures to 
increase the number of those buildings and encourage best 
practices as regards the cost-effective transformation of 
existing buildings into nearly zero-energy buildings. 


6. Member States may decide not to apply the requirements 
set out in points (a) and (b) of paragraph 1 in specific and 
justifiable cases where the cost-benefit analysis over the 
economic lifecycle of the building in question is negative. 
Member States shall inform the Commission of the principles 
of the relevant legislative regimes. 


Article 10 


Financial incentives and market barriers 


1. In view of the importance of providing appropriate 
financing and other instruments to catalyse the energy 
performance of buildings and the transition to nearly zero- 
energy buildings, Member States shall take appropriate steps 
to consider the most relevant such instruments in the light of 
national circumstances. 


2. Member States shall draw up, by 30 June 2011, a list of 
existing and, if appropriate, proposed measures and instruments 
including those of a financial nature, other than those required 
by this Directive, which promote the objectives of this Directive. 


Member States shall update this list every three years. Member 
States shall communicate these lists to the Commission, which 
they may do by including them in the Energy Efficiency Action 
Plans referred to in Article 14(2) of Directive 2006/32/EC. 


3. The Commission shall examine the effectiveness of the 
listed existing and proposed measures referred to in paragraph 
2 as well as of relevant Union instruments, in supporting the 
implementation of this Directive. On the basis of that exam
ination, and taking due account of the principle of subsidiarity, 
the Commission may provide advice or recommendations as 
regards specific national schemes and coordination with 
Union and international financial institutions. The Commission 


may include its examination and possible advice or recommen
dations in its report on the National Energy Efficiency Plans 
referred to in Article 14(5) of Directive 2006/32/EC. 


4. The Commission shall, where appropriate, assist upon 
request Member States in setting up national or regional 
financial support programmes with the aim of increasing 
energy efficiency in buildings, especially of existing buildings, 
by supporting the exchange of best practice between the 
responsible national or regional authorities or bodies. 


5. In order to improve financing in support of the imple
mentation of this Directive and taking due account of the 
principle of subsidiarity, the Commission shall, preferably by 
2011, present an analysis on, in particular: 


(a) the effectiveness, the appropriateness of the level, and the 
actual amount used, of structural funds and framework 
programmes that were used for increasing energy efficiency 
in buildings, especially in housing; 


(b) the effectiveness of the use of funds from the EIB and other 
public finance institutions; 


(c) the coordination of Union and national funding and other 
forms of support that can act as a leverage for stimulating 
investments in energy efficiency and the adequacy of such 
funds for achieving Union objectives. 


On the basis of that analysis, and in accordance with the multi
annual financial framework, the Commission may subsequently 
submit, if it considers this appropriate, proposals with respect to 
Union instruments to the European Parliament and the Council. 


6. Member States shall take account of the cost-optimal 
levels of energy performance when providing incentives for 
the construction or major renovation of buildings. 


7. The provisions of this Directive shall not prevent Member 
States from providing incentives for new buildings, renovations 
or building elements which go beyond the cost-optimal levels. 


Article 11 


Energy performance certificates 


1. Member States shall lay down the necessary measures to 
establish a system of certification of the energy performance of 
buildings. The energy performance certificate shall include the 
energy performance of a building and reference values such as 
minimum energy performance requirements in order to make it 
possible for owners or tenants of the building or building unit 
to compare and assess its energy performance.
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The energy performance certificate may include additional 
information such as the annual energy consumption for non- 
residential buildings and the percentage of energy from 
renewable sources in the total energy consumption. 


2. The energy performance certificate shall include recom
mendations for the cost-optimal or cost-effective improvement 
of the energy performance of a building or building unit, unless 
there is no reasonable potential for such improvement 
compared to the energy performance requirements in force. 


The recommendations included in the energy performance 
certificate shall cover: 


(a) measures carried out in connection with a major renovation 
of the building envelope or technical building system(s); and 


(b) measures for individual building elements independent of a 
major renovation of the building envelope or technical 
building system(s). 


3. The recommendations included in the energy performance 
certificate shall be technically feasible for the specific building 
and may provide an estimate for the range of payback periods 
or cost-benefits over its economic lifecycle. 


4. The energy performance certificate shall provide an indi
cation as to where the owner or tenant can receive more 
detailed information, including as regards the cost-effectiveness 
of the recommendations made in the energy performance 
certificate. The evaluation of cost effectiveness shall be based 
on a set of standard conditions, such as the assessment of 
energy savings and underlying energy prices and a preliminary 
cost forecast. In addition, it shall contain information on the 
steps to be taken to implement the recommendations. Other 
information on related topics, such as energy audits or 
incentives of a financial or other nature and financing possi
bilities may also be provided to the owner or tenant. 


5. Subject to national rules, Member States shall encourage 
public authorities to take into account the leading role which 
they should play in the field of energy performance of buildings, 
inter alia, by implementing the recommendations included in 
the energy performance certificate issued for buildings owned 
by them within its validity period. 


6. Certification for building units may be based: 


(a) on a common certification of the whole building; or 


(b) on the assessment of another representative building unit 
with the same energy-relevant characteristics in the same 
building. 


7. Certification for single-family houses may be based on the 
assessment of another representative building of similar design 
and size with a similar actual energy performance quality if such 
correspondence can be guaranteed by the expert issuing the 
energy performance certificate. 


8. The validity of the energy performance certificate shall not 
exceed 10 years. 


9. The Commission shall, by 2011, in consultation with the 
relevant sectors, adopt a voluntary common European Union 
certification scheme for the energy performance of non-resi
dential buildings. That measure shall be adopted in accordance 
with the advisory procedure referred to in Article 26(2). 
Member States are encouraged to recognise or use the 
scheme, or use part thereof by adapting it to national circum
stances. 


Article 12 


Issue of energy performance certificates 


1. Member States shall ensure that an energy performance 
certificate is issued for: 


(a) buildings or building units which are constructed, sold or 
rented out to a new tenant; and 


(b) buildings where a total useful floor area over 500 m 2 is 
occupied by a public authority and frequently visited by the 
public. On 9 July 2015, this threshold of 500 m 2 shall be 
lowered to 250 m 2 . 


The requirement to issue an energy performance certificate does 
not apply where a certificate, issued in accordance with either 
Directive 2002/91/EC or this Directive, for the building or 
building unit concerned is available and valid. 


2. Member States shall require that, when buildings or 
building units are constructed, sold or rented out, the energy 
performance certificate or a copy thereof is shown to the pros
pective new tenant or buyer and handed over to the buyer or 
new tenant. 


3. Where a building is sold or rented out in advance of 
construction, Member States may require the seller to provide 
an assessment of its future energy performance, as a derogation 
from paragraphs 1 and 2; in this case, the energy performance 
certificate shall be issued at the latest once the building has been 
constructed.
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4. Member States shall require that when: 


— buildings having an energy performance certificate, 


— building units in a building having an energy performance 
certificate, and 


— building units having an energy performance certificate, 


are offered for sale or for rent, the energy performance indicator 
of the energy performance certificate of the building or the 
building unit, as applicable, is stated in the advertisements in 
commercial media. 


5. The provisions of this Article shall be implemented in 
accordance with applicable national rules on joint ownership 
or common property. 


6. Member States may exclude the categories of buildings 
referred to in Article 4(2) from the application of paragraphs 
1, 2, 4 and 5 of this Article. 


7. The possible effects of energy performance certificates in 
terms of legal proceedings, if any, shall be decided in 
accordance with national rules. 


Article 13 


Display of energy performance certificates 


1. Member States shall take measures to ensure that where a 
total useful floor area over 500 m 2 of a building for which an 
energy performance certificate has been issued in accordance 
with Article 12(1) is occupied by public authorities and 
frequently visited by the public, the energy performance 
certificate is displayed in a prominent place clearly visible to 
the public. 


On 9 July 2015, this threshold of 500 m 2 shall be lowered to 
250 m 2 . 


2. Member States shall require that where a total useful floor 
area over 500 m 2 of a building for which an energy 
performance certificate has been issued in accordance with 
Article 12(1) is frequently visited by the public, the energy 
performance certificate is displayed in a prominent place 
clearly visible to the public. 


3. The provisions of this Article do not include an obligation 
to display the recommendations included in the energy 
performance certificate. 


Article 14 


Inspection of heating systems 


1. Member States shall lay down the necessary measures to 
establish a regular inspection of the accessible parts of systems 
used for heating buildings, such as the heat generator, control 
system and circulation pump(s), with boilers of an effective 
rated output for space heating purposes of more than 20 kW. 
That inspection shall include an assessment of the boiler effi
ciency and the boiler sizing compared with the heating 
requirements of the building. The assessment of the boiler 
sizing does not have to be repeated as long as no changes 
were made to the heating system or as regards the heating 
requirements of the building in the meantime. 


Member States may reduce the frequency of such inspections or 
lighten them as appropriate, where an electronic monitoring 
and control system is in place. 


2. Member States may set different inspection frequencies 
depending on the type and effective rated output of the 
heating system whilst taking into account the costs of the 
inspection of the heating system and the estimated energy 
cost savings that may result from the inspection. 


3. Heating systems with boilers of an effective rated output 
of more than 100 kW shall be inspected at least every two 
years. 


For gas boilers, this period may be extended to four years. 


4. As an alternative to paragraphs 1, 2 and 3 Member States 
may opt to take measures to ensure the provision of advice to 
users concerning the replacement of boilers, other modifications 
to the heating system and alternative solutions to assess the 
efficiency and appropriate size of the boiler. The overall 
impact of this approach shall be equivalent to that arising 
from the provisions set out in paragraphs 1, 2 and 3. 


Where Member States choose to apply the measures referred to 
in the first subparagraph, they shall submit to the Commission 
a report on the equivalence of those measures to measures 
referred to in paragraphs 1, 2 and 3 of this Article by 
30 June 2011 at the latest. Member States shall submit these 
reports to the Commission every three years. The reports may 
be included in the Energy Efficiency Action Plans referred to in 
Article 14(2) of Directive 2006/32/EC. 


5. After receiving the national report from a Member State 
about the application of the option as described in paragraph 4, 
the Commission may request further specific information 
regarding the requirements and equivalence of the measures 
set out in that paragraph. In that case, the Member State 
concerned shall present the requested information or propose 
amendments within nine months.
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Article 15 


Inspection of air-conditioning systems 


1. Member States shall lay down the necessary measures to 
establish a regular inspection of the accessible parts of air-condi
tioning systems of an effective rated output of more than 12 
kW. The inspection shall include an assessment of the air-condi
tioning efficiency and the sizing compared to the cooling 
requirements of the building. The assessment of the sizing 
does not have to be repeated as long as no changes were 
made to this air-conditioning system or as regards the cooling 
requirements of the building in the meantime. 


Member States may reduce the frequency of such inspections or 
lighten them, as appropriate, where an electronic monitoring 
and control system is in place. 


2. The Member States may set different inspection 
frequencies depending on the type and effective rated output 
of the air-conditioning system, whilst taking into account the 
costs of the inspection of the air-conditioning system and the 
estimated energy cost savings that may result from the 
inspection. 


3. In laying down the measures referred to in paragraphs 1 
and 2 of this Article, Member States shall, as far as is econ
omically and technically feasible, ensure that inspections are 
carried out in accordance with the inspection of heating 
systems and other technical systems referred to in Article 14 
of this Directive and the inspection of leakages referred to in 
Regulation (EC) No 842/2006 of the European Parliament and 
of the Council of 17 May 2006 on certain fluorinated 
greenhouse gases ( 1 ). 


4. As an alternative to paragraphs 1, 2 and 3 Member States 
may opt to take measures to ensure the provision of advice to 
users on the replacement of air-conditioning systems or on 
other modifications to the air-conditioning system which may 
include inspections to assess the efficiency and appropriate size 
of the air-conditioning system. The overall impact of this 
approach shall be equivalent to that arising from the provisions 
set out in paragraphs 1, 2 and 3. 


Where Member States apply the measures referred to in the first 
subparagraph, they shall, by 30 June 2011 at the latest, submit 
to the Commission a report on the equivalence of those 
measures to the measures referred to in paragraphs 1, 2 and 
3 of this Article. Member States shall submit these reports to 
the Commission every three years. The reports may be included 
in the Energy Efficiency Action Plans referred to in Article 14(2) 
of Directive 2006/32/EC. 


5. After receiving the national report from a Member State 
about the application of the option as described in paragraph 4, 
the Commission may request further specific information 
regarding the requirements and equivalence of the measures 


set in that paragraph. In this case, the Member State 
concerned shall present the requested information or propose 
amendments within nine months. 


Article 16 


Reports on the inspection of heating and air-conditioning 
systems 


1. An inspection report shall be issued after each inspection 
of a heating or air-conditioning system. The inspection report 
shall contain the result of the inspection performed in 
accordance with Article 14 or 15 and include recommendations 
for the cost-effective improvement of the energy performance of 
the inspected system. 


The recommendations may be based on a comparison of the 
energy performance of the system inspected with that of the 
best available feasible system and a system of similar type for 
which all relevant components achieve the level of energy 
performance required by the applicable legislation. 


2. The inspection report shall be handed over to the owner 
or tenant of the building. 


Article 17 


Independent experts 


Member States shall ensure that the energy performance certifi
cation of buildings and the inspection of heating systems and 
air-conditioning systems are carried out in an independent 
manner by qualified and/or accredited experts, whether 
operating in a self-employed capacity or employed by public 
bodies or private enterprises. 


Experts shall be accredited taking into account their 
competence. 


Member States shall make available to the public information 
on training and accreditations. Member States shall ensure that 
either regularly updated lists of qualified and/or accredited 
experts or regularly updated lists of accredited companies 
which offer the services of such experts are made available to 
the public. 


Article 18 


Independent control system 


1. Member States shall ensure that independent control 
systems for energy performance certificates and reports on the 
inspection of heating and air-conditioning systems are estab
lished in accordance with Annex II. Member States may 
establish separate systems for the control of energy performance 
certificates and for the control of reports on the inspection of 
heating and air-conditioning systems.
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2. The Member States may delegate the responsibilities for 
implementing the independent control systems. 


Where the Member States decide to do so, they shall ensure that 
the independent control systems are implemented in 
compliance with Annex II. 


3. Member States shall require the energy performance 
certificates and the inspection reports referred to in paragraph 
1 to be made available to the competent authorities or bodies 
on request. 


Article 19 


Review 


The Commission, assisted by the Committee established by 
Article 26, shall evaluate this Directive by 1 January 2017 at 
the latest, in the light of the experience gained and progress 
made during its application, and, if necessary, make proposals. 


Article 20 


Information 


1. Member States shall take the necessary measures to 
inform the owners or tenants of buildings or building units 
of the different methods and practices that serve to enhance 
energy performance. 


2. Member States shall in particular provide information to 
the owners or tenants of buildings on energy performance 
certificates and inspection reports, their purpose and objectives, 
on cost-effective ways to improve the energy performance of 
the building and, where appropriate, on financial instruments 
available to improve the energy performance of the building. 


At the request of the Member States, the Commission shall 
assist Member States in staging information campaigns for the 
purposes of paragraph 1 and the first subparagraph of this 
paragraph, which may be dealt with in Union programmes. 


3. Member States shall ensure that guidance and training are 
made available for those responsible for implementing this 
Directive. Such guidance and training shall address the 
importance of improving energy performance, and shall 
enable consideration of the optimal combination of 
improvements in energy efficiency, use of energy from 
renewable sources and use of district heating and cooling 
when planning, designing, building and renovating industrial 
or residential areas. 


4. The Commission is invited to continuously improve its 
information services, in particular the website that has been 


set up as a European portal for energy efficiency in buildings 
directed towards citizens, professionals and authorities, in order 
to assist Member States in their information and awareness- 
raising efforts. Information displayed on this website might 
include links to relevant European Union and national, 
regional and local legislation, links to Europa websites that 
display the National Energy Efficiency Action Plans, links to 
available financial instruments, as well as best practice 
examples at national, regional and local level. In the context 
of the European Regional Development Fund, the Commission 
shall continue and further intensify its information services with 
the aim of facilitating the use of available funds by providing 
assistance and information to interested stakeholders, including 
national, regional and local authorities, on funding possibilities, 
taking into account the latest changes in the regulatory 
framework. 


Article 21 


Consultation 


In order to facilitate the effective implementation of the 
Directive, Member States shall consult the stakeholders 
involved, including local and regional authorities, in accordance 
with the national legislation applicable and as relevant. Such 
consultation is of particular importance for the application of 
Articles 9 and 20. 


Article 22 


Adaptation of Annex I to technical progress 


The Commission shall adapt points 3 and 4 of Annex I to 
technical progress by means of delegated acts in accordance 
with Articles 23, 24 and 25. 


Article 23 


Exercise of delegation 


1. The powers to adopt the delegated acts referred to in 
Article 22 shall be conferred on the Commission for a period 
of five years beginning on 8 July 2010. The Commission shall 
make a report in respect of the delegated powers not later than 
six months before the end of the five-year period. The dele
gation of powers shall be automatically extended for periods of 
an identical duration, unless the European Parliament or the 
Council revokes it in accordance with Article 24. 


2. Without prejudice to the deadline referred to in 
Article 5(1), the powers to adopt the delegated acts referred 
to in Article 5 shall be conferred on the Commission until 
30 June 2012. 


3. As soon as it adopts a delegated act, the Commission shall 
notify it simultaneously to the European Parliament and to the 
Council.
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4. The powers to adopt delegated acts are conferred on the 
Commission subject to the conditions laid down in Articles 24 
and 25. 


Article 24 


Revocation of the delegation 


1. The delegation of powers referred to in Articles 5 and 22 
may be revoked by the European Parliament or by the Council. 


2. The institution which has commenced an internal 
procedure for deciding whether to revoke the delegation of 
powers shall endeavour to inform the other institution and 
the Commission within a reasonable time before the final 
decision is taken, indicating the delegated powers which could 
be subject to revocation and possible reasons for a revocation. 


3. The decision of revocation shall put an end to the dele
gation of the powers specified in that decision. It shall take 
effect immediately or at a later date specified therein. It shall 
not affect the validity of the delegated acts already in force. It 
shall be published in the Official Journal of the European Union. 


Article 25 


Objections to delegated acts 


1. The European Parliament or the Council may object to a 
delegated act within a period of two months from the date of 
notification. 


At the initiative of the European Parliament or the Council that 
period shall be extended by two months. 


2. If, on expiry of that period, neither the European 
Parliament nor the Council has objected to the delegated act 
it shall be published in the Official Journal of the European Union 
and shall enter into force on the date stated therein. 


The delegated act may be published in the Official Journal of the 
European Union and enter into force before the expiry of that 
period, if the European Parliament and the Council have both 
informed the Commission of their intention not to raise 
objections. 


3. If the European Parliament or the Council objects to a 
delegated act, it shall not enter into force. The institution 
which objects shall state the reasons for objecting to the 
delegated act. 


Article 26 


Committee procedure 


1. The Commission shall be assisted by a Committee. 


2. Where reference is made to this paragraph, Articles 3 and 
7 of Decision 1999/468/EC shall apply, having regard to the 
provisions of Article 8 thereof. 


Article 27 


Penalties 


Member States shall lay down the rules on penalties applicable 
to infringements of the national provisions adopted pursuant to 
this Directive and shall take all measures necessary to ensure 
that they are implemented. The penalties provided for must be 
effective, proportionate and dissuasive. Member States shall 
communicate those provisions to the Commission by 
9 January 2013 at the latest and shall notify it without delay 
of any subsequent amendment affecting them. 


Article 28 


Transposition 


1. Member States shall adopt and publish, by 9 July 2012 at 
the latest, the laws, regulations and administrative provisions 
necessary to comply with Articles 2 to 18, and with Articles 
20 and 27. 


They shall apply those provisions as far as Articles 2, 3, 9, 11, 
12, 13, 17, 18, 20 and 27 are concerned, from 9 January 2013 
at the latest. 


They shall apply those provisions as far as Articles 4, 5, 6, 7, 8, 
14, 15 and 16 are concerned, to buildings occupied by the 
public authorities from 9 January 2013 at the latest and to 
other buildings from 9 July 2013 at the latest. 


They may defer the application of Article 12(1) and (2) to single 
building units that are rented out, until 31 December 2015. 
This shall however not result in fewer certificates being issued 
than would have been the case under the application of the 
Directive 2002/91/EC in the Member State concerned. 


When Member States adopt measures, they shall contain a 
reference to this Directive or be accompanied by such a 
reference on the occasion of their official publication. They 
shall also include a statement that references in existing laws, 
regulations and administrative provisions to Directive 
2002/91/EC shall be construed as references to this Directive. 
Member States shall determine how such reference is to be 
made and how that statement is to be formulated.
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2. Member States shall communicate to the Commission the 
text of the main provisions of national law which they adopt in 
the field covered by this Directive. 


Article 29 


Repeal 


Directive 2002/91/EC, as amended by the Regulation indicated 
in Annex IV, Part A, is hereby repealed with effect from 
1 February 2012, without prejudice to the obligations of the 
Member States relating to the time limit for transposition into 
national law and application of the Directive set out in Annex 
IV, Part B. 


References to Directive 2002/91/EC shall be construed as 
references to this Directive and shall be read in accordance 
with the correlation table in Annex V. 


Article 30 


Entry into force 


This Directive shall enter into force on the 20th day following 
its publication in the Official Journal of the European Union. 


Article 31 


Addressees 


This Directive is addressed to the Member States. 


Done at Strasbourg, 19 May 2010. 


For the European Parliament 
The President 


J. BUZEK 


For the Council 
The President 


D. LÓPEZ GARRIDO
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ANNEX I 


Common general framework for the calculation of energy performance of buildings 


(referred to in Article 3) 


1. The energy performance of a building shall be determined on the basis of the calculated or actual annual energy that 
is consumed in order to meet the different needs associated with its typical use and shall reflect the heating energy 
needs and cooling energy needs (energy needed to avoid overheating) to maintain the envisaged temperature 
conditions of the building, and domestic hot water needs. 


2. The energy performance of a building shall be expressed in a transparent manner and shall include an energy 
performance indicator and a numeric indicator of primary energy use, based on primary energy factors per 
energy carrier, which may be based on national or regional annual weighted averages or a specific value for on- 
site production. 


The methodology for calculating the energy performance of buildings should take into account European standards 
and shall be consistent with relevant Union legislation, including Directive 2009/28/EC. 


3. The methodology shall be laid down taking into consideration at least the following aspects: 


(a) the following actual thermal characteristics of the building including its internal partitions: 


(i) thermal capacity; 


(ii) insulation; 


(iii) passive heating; 


(iv) cooling elements; and 


(v) thermal bridges; 


(b) heating installation and hot water supply, including their insulation characteristics; 


(c) air-conditioning installations; 


(d) natural and mechanical ventilation which may include air-tightness; 


(e) built-in lighting installation (mainly in the non-residential sector); 


(f) the design, positioning and orientation of the building, including outdoor climate; 


(g) passive solar systems and solar protection; 


(h) indoor climatic conditions, including the designed indoor climate; 


(i) internal loads. 


4. The positive influence of the following aspects shall, where relevant in the calculation, be taken into account: 


(a) local solar exposure conditions, active solar systems and other heating and electricity systems based on energy 
from renewable sources; 


(b) electricity produced by cogeneration; 


(c) district or block heating and cooling systems; 


(d) natural lighting.
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5. For the purpose of the calculation buildings should be adequately classified into the following categories: 


(a) single-family houses of different types; 


(b) apartment blocks; 


(c) offices; 


(d) educational buildings; 


(e) hospitals; 


(f) hotels and restaurants; 


(g) sports facilities; 


(h) wholesale and retail trade services buildings; 


(i) other types of energy-consuming buildings.


EN L 153/30 Official Journal of the European Union 18.6.2010







ANNEX II 


Independent control systems for energy performance certificates and inspection reports 


1. The competent authorities or bodies to which the competent authorities have delegated the responsibility for 
implementing the independent control system shall make a random selection of at least a statistically significant 
percentage of all the energy performance certificates issued annually and subject those certificates to verification. 


The verification shall be based on the options indicated below or on equivalent measures: 


(a) validity check of the input data of the building used to issue the energy performance certificate and the results 
stated in the certificate; 


(b) check of the input data and verification of the results of the energy performance certificate, including the 
recommendations made; 


(c) full check of the input data of the building used to issue the energy performance certificate, full verification of the 
results stated in the certificate, including the recommendations made, and on-site visit of the building, if possible, 
to check correspondence between specifications given in the energy performance certificate and the building 
certified. 


2. The competent authorities or bodies to which the competent authorities have delegated the responsibility for 
implementing the independent control system shall make a random selection of at least a statistically significant 
percentage of all the inspection reports issued annually and subject those reports to verification.
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ANNEX III 


Comparative methodology framework to identify cost-optimal levels of energy performance requirements for 
buildings and building elements 


The comparative methodology framework shall enable Member States to determine the energy performance of buildings 
and building elements and the economic aspects of measures relating to the energy performance, and to link them with a 
view to identifying the cost-optimal level. 


The comparative methodology framework shall be accompanied by guidelines outlining how to apply this framework in 
the calculation of cost-optimal performance levels. 


The comparative methodology framework shall allow for taking into account use patterns, outdoor climate conditions, 
investment costs, building category, maintenance and operating costs (including energy costs and savings), earnings from 
energy produced, where applicable, and disposal costs, where applicable. It should be based on relevant European 
standards relating to this Directive. 


The Commission shall also provide: 


— guidelines to accompany the comparative methodology framework; these guidelines will serve to enable the Member 
States to undertake the steps listed below, 


— information on estimated long-term energy price developments. 


For the application of the comparative methodology framework by Member States, general conditions, expressed by 
parameters, shall be laid down at Member State level. 


The comparative methodology framework shall require Member States to: 


— define reference buildings that are characterised by and representative of their functionality and geographic location, 
including indoor and outdoor climate conditions. The reference buildings shall cover residential and non-residential 
buildings, both new and existing ones, 


— define energy efficiency measures to be assessed for the reference buildings. These may be measures for individual 
buildings as a whole, for individual building elements, or for a combination of building elements, 


— assess the final and primary energy need of the reference buildings and the reference buildings with the defined energy 
efficiency measures applied, 


— calculate the costs (i.e. the net present value) of the energy efficiency measures (as referred to in the second indent) 
during the expected economic lifecycle applied to the reference buildings (as referred to in the first indent) by applying 
the comparative methodology framework principles. 


By calculating the costs of the energy efficiency measures during the expected economic lifecycle, the cost-effectiveness of 
different levels of minimum energy performance requirements is assessed by the Member States. This will allow the 
determination of cost-optimal levels of energy performance requirements.
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ANNEX IV 


PART A 


Repealed Directive with its successive amendment 


(referred to in Article 29) 


Directive 2002/91/EC of the European Parliament and of the 
Council (OJ L 1, 4.1.2003, p. 65) 


Regulation (EC) No 1137/2008 of the European Parliament 
and of the Council (OJ L 311, 21.11.2008, p. 1) 


only point 9.9 of the Annex 


PART B 


Time limits for transposition into national law and application 


(referred to in Article 29) 


Directive Time limit for transposition Date of application 


2002/91/EC 4 January 2006 4 January 2009 as regards Articles 7, 8 and 9 only
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ANNEX V 


Correlation table 


Directive 2002/91/EC This Directive 


Article 1 Article 1 


Article 2, point (1) Article 2, point (1) 


— Article 2, points (2) and (3) 


Article 2, point (2) Article 2, point (4) and Annex I 


— Article 2, points (5), (6), (7), (8), (9), (10) and (11) 


Article 2, point (3) Article 2, point (12) 


Article 2, point (4) Article 2, point (13) 


— Article 2, point (14) 


Article 2, point (5) Article 2, point (15) 


Article 2, point (6) Article 2, point (16) 


Article 2, point (7) Article 2, point (17) 


Article 2, point (8) Article 2, point (18) 


— Article 2, point (19) 


Article 3 Article 3 and Annex I 


Article 4(1) Article 4(1) 


Article 4(2) — 


Article 4(3) Article 4(2) 


— Article 5 


Article 5 Article 6(1) 


— Article 6(2) and (3) 


Article 6 Article 7 


— Articles 8, 9 and 10 


Article 7(1) first subparagraph Article 11(8) and Article 12(2) 


Article 7(1) second subparagraph Article 11(6) 


Article 7(1) third subparagraph Article 12(6) 


Article 7(2) Article 11(1) and (2) 


— Article 11(3), (4), (5), (7) and (9) 


— Article 12(1), (3), (4), (5) and (7) 


Article 7(3) Article 13(1) and (3) 


— Article 13(2) 


Article 8, point (a) Article 14(1) and (3) 


— Article 14(2) 


Article 8, point (b) Article 14(4) 


— Article 14(5) 


Article 9 Article 15(1)
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Directive 2002/91/EC This Directive 


— Article 15(2), (3), (4) and (5) 


— Article 16 


Article 10 Article 17 


— Article 18 


Article 11, introductory wording Article 19 


Article 11, points (a) and (b) — 


Article 12 Article 20(1) and Article 20(2) second subparagraph 


— Article 20(2) first subparagraph and Article 20(3) and (4) 


— Article 21 


Article 13 Article 22 


— Articles 23, 24 and 25 


Article 14(1) Article 26(1) 


Article 14(2) and (3) — 


— Article 26(2) 


— Article 27 


Article 15(1) Article 28 


Article 15(2) — 


— Article 29 


Article 16 Article 30 


Article 17 Article 31 


Annex Annex I 


— Annexes II to V
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