
Background

EPBD recast (2010/31/EU) launched nearly zero energy 
(nZEB) target in 2010 with the need for the Member 
States to define what nZEB for them exactly constitutes. 
REHVA experts realized the problem that various defi-
nition of nZEB may cause in Europe and established a 
task force to prepare technical definitions and system 
boundaries for energy performance calculations. 

Starting point for technical definitions is the require-
ment of nZEB in EPBD recast formulated as build-
ings with a very high energy performance and where 
energy need is covered to a very significant extent by 
energy from renewable sources. Since EPBD recast 
does not give minimum or maximum harmonized re-
quirements as well as details of energy performance cal-
culation framework, it will be up to the Member States 
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be calculated as required by the directive. 
Calculation principles are explained with 
worked examples in order to assure uniform 
understanding of the definitions. Full report is 
available at the REHVA website www.rehva.eu 
-> REHVA Journal.
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to define what “a very high energy performance” and 
“to a very significant extent by energy from renewable 
sources” for them exactly constitute.

REHVA technical definition for nearly 
zero energy buildings
nZEB definition shall be based on delivered and ex-
ported energy according to EPBD recast and prEN 
15603:2013. The basic energy balance of the delivered 
and exported energy and system boundaries for the pri-
mary and renewable energy calculations, are shown in 
Figure 1 and 3 (for on site and for nearby assessment), 
and described with detailed system boundary definitions 
in Figures 4 and 5. According to EPBD recast, all com-
ponents of the energy use are mandatory except the en-
ergy use of appliances (households, elevators/escalators 
and outlets) which may or may not be included. With 
the inclusion of appliances, energy use in the buildings 
includes energy used for heating, cooling, ventilation, 
hot water, lighting and appliances. 

According to Figure 1, for delivered electricity and ther-
mal energy it applies:

elreneleldelelus EEEE ,exp,,, 	 (1)

and

TrenTTdelTus EEEE ,exp,,, 	 (2)

where
Eus 	 is total energy use kWh/(a); 
Edel 	 is delivered energy on site (kWh/a);
Eexp 	is exported energy on site (kWh/a);
Eren 	is on site renewable energy without fuels (kWh/a);

Subscript el refers to electricity and T to thermal 
energy.

An example in Figure 2 explains the use of 
Equation 1. An all electrical building with ener-
gy use of 100 has a PV system generating 20, from 
which 10 is used in the building and 10 is exported. 
With these values, delivered energy on site becomes: 

902010100,exp,,, elreneleluseldel EEEE .

In order to be able to take into account a new nearby re-
newable energy production capacity contractually linked 
to the building and providing the real addition of the re-
newable capacity to the grid or district heating or cooling 
mix in connection with construction/development of the 
building(s), the system boundary of Figure 1 has to be ex-
tended. (If not contractually linked to the building, nearby 

Figure 1. System boundaries for on site assessment 
(nearby production not linked to the building) con-
necting a building with on site renewable energy 
(RE) sources to energy networks. System boundary of 
energy use of building technical systems follows outer 
surface of the building in this simplified figure; system 
boundary of delivered and exported energy on site is 
shown with dashed line. In the case of nearby produc-
tion, the nearby system boundary will be added, as 
shown in Figure 3.

Building site =  
system boundary of delivered and exported energy on site

Delivered 
energy on site

Exported 
energy on siteSystem boundary of energy use

Total  
energy use  

of the building

Figure 2. An example of an all electrical building  
explaining the use of Equations 1 and 2.

production is calculated with primary energy factors of the 
network mix as shown in Figure 1.) To calculate delivered 
and exported energy nearby, the energy flows of nearby 
production plant contractually linked to building are to 
be added/subtracted to the delivered and exported energy 
flows on site, Figure 3. Prerequisite to apply this nearby 
assessment, is the availability of national legislation allow-
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ing to allocate such new capacity to the building/develop-
ment with a long term contract and assuring that the in-
vestment on that new capacity will lead to a real addition 
to the grid or district heating or cooling mix. 

Primary energy indicator sums up all delivered and ex-
ported energy (electricity, district heat/cooling, fuels) in-
to a single indicator. Primary energy and primary energy 
indicator are calculated from delivered and exported en-
ergy with national primary energy factors as:

i
inreni

i
inrendelidelnrenP fEfEE ,exp,exp,,,,,

	 (3)

                            net

nrenP
P A

E
EP ,

	 (4)

where

EPP 	 is the primary energy indicator (kWh/(m² a));
EP,nren 	 is the non-renewable primary energy (kWh/a);
Edel,i 	 is the delivered energy on site or nearby 

(kWh/a) for energy carrier i;
Eexp,i 	 is the exported energy on site or nearby  

(kWh/a) for energy carrier i;
fdel,nren,i 	 is the non-renewable primary energy factor (-) 

for the delivered energy carrier i;
fexp,nren,i 	 is the non-renewable primary energy factor (-) 

of the delivered energy compensated by the  
exported energy for energy carrier i, which is 
by default equal to the factor of the delivered 
energy, if not nationally defined in other way;

Anet 	 useful floor area (m²) calculated according to 
national definition.

Net zero energy building definition has an exact perfor-
mance level of 0 kWh/(m² a) non renewable primary 
energy. The performance level of “nearly” zero energy is 
a subject of national decision taking into account:

•	 technically reasonably achievable level of primary 
energy use;

•	 how many % of the primary energy is covered by 
renewable sources;

•	 available financial incentives for renewable 
energy or energy efficiency measures;

•	 cost implications and ambition level of the 
definition.

The following definitions were prepared for uniformed 
EPBD recast implementation:�

net zero energy building (net ZEB) 
Non-renewable primary energy of 0 kWh/(m² a).

nearly zero energy building (nZEB) 
Technically and reasonably achievable  national energy 
use of > 0 kWh/(m² a) but no more than a national 
limit value of non-renewable primary energy, achieved 
with a combination of best practice energy efficiency 
measures and renewable energy technologies� which 
may or may not be cost optimal�.

Detailed system boundaries for 
delivered and exported energy 
calculation
The set of detailed system boundaries are extended from 
the assessment boundary of prEN 15603:2013. As stat-
ed in EPBD recast, the positive influence of renewable 
energy produced on site is taken into account so that it 
reduces the amount of delivered energy needed and may 
be exported if cannot used in the building (i.e. on site 
production is not considered as part of delivered energy 
on site), Figure 4.

�	 ‘reasonably achievable’ means by comparison with national energy use benchmarks appropriate to 
the activities served by the building, or any other metric that is deemed appropriate by each 	
EU Member State.

�	 Renewable energy technologies needed in nearly zero energy buildings may or may not be 	
cost-effective, depending on available national financial incentives.

�	 The Commission has established a comparative methodology framework for calculation of 	
cost-optimal levels (Cost optimal).

Delivered 
energy nearby

Exported 
energy nearby

Total  
energy use  

of the 
building

System boundary 
of energy use

On site Nearby Distant

Nearby
production

plant

Figure 3. Nearby assessment boundary to be used in 
the case of nearby energy production linked contractu-
ally to the building. Compared to on site assessment 
boundary, delivered and exported energy flows on site 
are replaced by delivered and exported energy flows 
nearby.
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Figure 4. Three system boundaries (SB) for on site assessment (nearby production not linked to the building), for 
energy need, energy use and delivered and exported energy calculation. System boundary of energy use applies also 
for renewable energy ratio calculation with inclusion of RE from geo-, aero- and hydrothermal energy sources of heat 
pumps and free cooling as shown in Figure 5. 

Renewable energy ratio (RER) 
calculation

In order to calculate the share of renewable energy use, 
renewable energy ratio RER, all renewable energy sourc-
es have to be accounted for. These include solar ther-
mal, solar electricity, wind and hydro electricity, renew-
able energy captured from ambient heat sources by heat 
pumps and free cooling, renewable fuels and off site re-
newable energy. Ambient heat sources of heat pumps 
and free cooling are to be included to the renewable 
energy use system boundary, because in RER calcula-
tion, heat pumps and free cooling are not only taken 
into account with delivered energy calculation based 
on COP, but also by the extracted energy from ambient 
heat sources. Renewable energy use system boundary is 
shown in Figure 5.

The renewable energy ratio is calculated relative to all 
energy use in the building, in terms of total primary en-
ergy. It is taken into account that exported energy com-

pensates delivered energy. By default, it is considered 
that the exported energy compensates the grid mix or in 
the case of thermal energy, the district heating or cool-
ing network mix. For on-site and nearby renewable en-
ergy the total primary energy factor is 1.0 and the non- 
renewable primary energy factor is 0. Total primary en-
ergy based RER equation is the following:

 	  

i
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(5)

where

RERP 	 is the renewable energy ratio based on the 
total primary energy, 

Eren,i 	 is the renewable energy produced on site or 
nearby for energy carrier i, kWh/a;

fdel,tot,i 	 is the total primary energy factor (-) for the 
delivered energy carrier i;
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Figure 5. Renewable energy use system boundary for renewable energy ratio RER calculation. In addition to  
energy flows shown in Figure 4, renewable thermal energy from ambient heat pump and free cooling sources  
(heat exchangers) is accounted. 

fdel,nren,i 	 is the non-renewable primary energy factor (-) 
for the delivered energy carrier i;

fexp,tot,i 	 is the total primary energy factor (-)of the 
delivered energy compensated by the exported 
energy for energy carrier i;

Edel,i	 is the delivered energy on site or nearby for 
energy carrier i, kWh/a;

Eexp,i	 is the exported energy on site or nearby for 
energy carrier i, kWh/a.

Calculation example
Consider an office building located in Paris with follow-
ing annual energy needs (all values are specific values in 
kWh/(m² a)):

•	 3.8 kWh/(m² a) energy need for heating  
(space heating, supply air heating and DHW)

•	 11.9 kWh/(m² a) energy need for cooling
•	 21.5 kWh/(m² a) electricity for appliances
•	 10.0 kWh/(m² a) electricity for lighting 

Breakdown of the energy need is shown in Figure 6.

The building has a gas boiler for heating with seasonal 
efficiency of 90%. For the cooling, free cooling from 
boreholes (about 1/3 of the need) is used and the rest is 
covered with mechanical cooling. For borehole cooling, 
seasonal energy efficiency ratio of 10 is used and for me-
chanical cooling 3.5. To simplify the calculation, emis-
sion and distribution losses of the heating and cooling 
systems are neglected in this example. Ventilation system 
with specific fan power of 1.2 kW/(m³/s) and the circu-
lation pump of the heating system will use 5.6 kWh/(m² 
a) electricity. There is installed a solar PV system provid-
ing 15.0 kWh/(m² a), from which 6.0 is utilized in the 
building and 9.0 is exported to the grid.

Energy calculation results are shown in Figure 6, in the 
building technical systems box. Gas boiler with 90% ef-
ficiency results in 4.2 kWh/(m² a) fuel energy. Electricity 
use of the cooling system is calculated with seasonal ener-
gy efficiency ratios 10 and 3.5 respectively. Electricity use 
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Figure 6. Calculation example of the energy flows in nZEB office building.
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of free cooling, mechanical cooling, ventilation, lighting 
and appliances is 39.8 kWh/(m² a). Solar electricity of 
6.0 kWh/(m² a) used in the building reduces the  delivered 
electricity to 33.8 kWh/(m² a). The rest of PV electricity, 
9.0 kWh/(m2 a) is exported. The delivered fuel energy (ca-
loric value of delivered natural gas) is 4.2 kWh/(m² a).

In this example, it is considered that 20% of the grid elec-
tricity is from renewable sources with the non-renewable 
primary energy factor of 0 and the total primary energy fac-
tor of 1.0. For the rest of 80% of the grid electricity the to-
tal and non-renewable primary energy factor of 2.5 is used. 
Therefore, the non-renewable primary energy factor of the 

grid mix is 0 · 0.2 + 2.5 · 0.8 = 2.0 and the total primary 
energy factor is 1.0 · 0.2 + 2.5 · 0.8 = 2.2. It is assumed that 
exported electricity compensates the grid mix.
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Figure 7. Some nZEB office buildings are calculated and reported according to REHVA definition that makes it 
possible to compare the results. See in Journal 3/2011, 2/2012 and 5/2012 for these buildings from France, the 
Netherlands, Switzerland, Finland.
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