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Summary

This REHVA Task Force proposes a technical definition for
nearly zero energy buildings required in the implementa-
tion of the Energy performance of buildings directive recast.
Energy calculation framework and system boundaries associ-
ated with the definition are provided to specify which energy
flows in which way are taken into account in the energy per-
formance assessment. The intention of the Task Force is to
help the experts in the Member States in defining the nearly
zero energy buildings in a uniform way.

The directive requires nearly zero energy buildings, but since
it does not give minimum or maximum harmonized require-
ments as well as details of energy performance calculation
framework, it will be up to the Member States to define what
these for them exactly constitute. In the definition local con-
ditions are to be obviously taken into account, but the uni-
form methodology can be used in all Member States.

The directive defines nearly zero energy building as a buil-
ding that has a very high energy performance and requires
the calculation of primary energy indicator. 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.

Based on the directive’s definition, nearly zero energy build-
ing is technically defined through the net zero energy build-
ing, which is a building using 0 kWh/(m? a) primary ener-
gy. Following the cost-optimality principle of the directive,
nearly net zero energy building definition is proposed as na-
tional cost optimal energy use of > 0 kWh/(m? a) primary
energy. In order to end up with proposed general definition,
it was needed to clarify which energy flows shall be inclu-
ded in energy performance assessment and how the primary
energy factors should be used for primary energy indicator
calculation. For the uniform methodology, a general system
boundary definition was established with inclusion of active
solar and wind energy, as well as the guidance for technical
meaning of “nearby” in the directive.
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1. Background
he Energy performance of buildings di-

rective recast (EPBD recast) came into

force on 9 July 2010. Member States
shall adopt and publish, by 9 July 2012
at the latest, the laws, regulations and ad-
ministrative provisions necessary to com-
ply with most of the articles. According to
the Directive the Member States shall ensu-
re that by 31 December 2020, all new buil-
dings are nearly zero- energy buildings; and
after 31 December 2018, new buildings oc-
cupied and owned by public authorities are
nearly zero-energy buildings.

National roadmaps towards nearly zero ener-
gy buildings are needed for all member sta-
tes. Member States shall draw up national
plans for increasing the number of nearly ze-
ro-energy buildings. 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? per year. Primary energy
factors used for the determination 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,

(c) information on the policies and
financial or other measures adopted
in the context of for the promotion of
nearly zero-energy buildings.



Terms and definitions

net zero energy building (nZEB)
energy use of 0 kWh/(m? a) primary energy

NOTE 1. A nZEB is typically a grid connected building with very
high energy performance. nZEB balances its primary energy
use so that the primary energy feed-in to the grid or other
energy network equals to the primary energy delivered to
nZEB from energy networks. Annual balance of 0 kWh/(m? a)
primary energy use typically leads to the situation where
significant amount of the on-site energy generation will be
exchanged with the grid. Therefore a nZEB produces energy
when conditions are suitable, and uses delivered energy
during rest of the time.

nearly net zero energy building (nnZEB)
national cost optimal energy use of > 0 kWh/(m? a)
primary energy

NOTE 1. The Commission shall establish by 30 June 2011 a
comparative methodology framework for calculation of cost-
optimal levels (EPBD recast).

NOTE 2. Not all renewable energy technologies needed
for nearly zero energy building have to be cost-effective, if
appropriate financial incentives are not available.

energy performance of the building

(EN 15316-1:2007)

calculated or measured amount of energy delivered
and exported actually used or estimated to meet the
different needs associated with a standardized use of
the building, which may include, inter alia, energy
used for heating, cooling, ventilation, domestic hot
water, lighting and appliances.

NOTE 1. According to EPBD, the energy performance of a
building shall be expressed with 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.

NOTE 2. Appliances (households and outlets) are added to the
original definition of EN 15316-1:2007.

A recent benchmarking study on implementation on
EPBD 2002 by REHVA (Seppinen & Goeders 2010)
revealed a large variation in the technical regulations of
the different countries. These differences in regulations
have a significant effect on the building industry, and
complicate manufacturing, sales, installation, construc-
tion and design of buildings in the common market
area.

delivered energy (EN 15603:2008)

energy, expressed per energy carrier, supplied to the
technical building systems through the system bound-
ary, to satisfy the uses taken into account (e.g. heat-
ing, cooling, ventilation, domestic hot water, light-
ing, appliances etc.) or to produce electricity

exported energy (EN 15603:2008)

energy, expressed per energy carrier, delivered by
the technical building systems through the system
boundary and used outside the system boundary

net delivered energy (EN 15603:2008)
delivered minus exported energy, both expressed per
energy carrier

NOTE 1. net delivered energy values are expressed separately
for each energy carrier, i.e. for electricity, fuels, district heat, etc.

primary energy (EPBD recast)

energy from renewable and non-renewable sources
which has not undergone any conversion or trans-
formation process

(0, emission coefficient (EN 15603:2008)
for a given energy carrier, quantity of CO, emitted to
atmosphere per unit of delivered energy

NOTE 1. The CO, emission coefficient can also include
the equivalent emissions of other greenhouse gases
(e.g. methane).

system boundary (EN 15603:2008)
boundary that includes within it all areas associat-
ed with the building (both inside and outside of the

building) where energy is used or produced

NOTE 1. all areas associated with the building typically refers to
footprint of the building site.

REHVA experts have realized the problem various de-
finition of nearly zero energy building may cause in
Europe. An important issue is how to define the vario-
us energy flows and how to establish the energy boun-
daries on the building. This paper reports the results of
REHVA Task Force “Nearly Zero Energy Buildings”.
REHVA hopes that this report that focuses on defi-

nitions and energy boundaries will help the experts in
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the member states in defining the nearly zero energy
buildings in a uniform way. This would help in under-
standing the policy options and in exchanging infor-
mation of most energy efficient technical solutions for

buildings.

2. Proposed general definition format for nearly net
zero energy buildings

The following general definition format is proposed to
clarify the exact technical meaning of EPBD recast re-
quirements in order to support national implementati-
on. EPBD recast requires nearly nZEB buildings, but
since it does not give minimum or maximum harmoni-
zed requirements as well as details of energy performan-
ce calculation framework, it will be up to the Member
States to define what these for them exactly constitu-
te. The following proposal includes energy calculation
framework specifying how to define the various energy
flows and how to establish the energy boundaries on
the building, affecting the performance levels of nnZEB
building definitions. This guidance will help the experts
in the member states in defining the nearly zero energy
buildings in a uniform way.

Nearly net zero energy building definition shall be based
on delivered and exported energy according to EPBD
recast and EN 15603:2008. The net delivered energy,
which is delivered minus exported energy per energy
carrier, is shown in Figure 1 and described with detai-
led system boundary definition in Ch. 3, Figure 3. This
system boundary definition is a general form modified
from the one of EN 15603:2008. Suggesting the inclu-
sion of energy use of appliances (households and out-
lets), the system boundary proposes that all energy used
in buildings will be accounted in net delivered energy
as well as in nearly net zero energy building definition.
According to that, energy use in the buildings inclu-
des inter alia, energy used for heating, cooling, venti-
lation, hot water, lighting and appliances. The last one
is an amendment compared to EPBD recast definition

shown in Ch. 3.

From net delivered energy, numeric indicator of primary
energy can be calculated and used to define the perfor-
mance level of nearly net zero energy building. Primary
energy indicator (called often also as primary energy ra-
ting) sums up all delivered and exported energy (elect-
ricity, district heat/cooling, fuels) into a single indicator
with primary energy factors. In a similar fashion, nume-
ric indicator of CO, emission may be calculated with
CO; emission coefficients. CO, indicator provides ad-
ditional information about the consequences of energy
use, in the terms of CO, emitted to atmosphere.
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Figure 1. System boundary for nearly net zero energy
building definition, connecting a building to energy
networks. Net delivered energy is delivered E4e; minus
exported energy Ee.,; accounted separately for each
energy carrier i. Primary energy E is calculated with
primary energy factors f; (the same factors are assumed
for delivered and exported energy carriers in the figure,
see Equation 1 for more details).

In order to be a sound definition, nearly net zero ener-
gy building defined through primary energy indicator,
shall refer to specified energy calculation framework,
including:

e system boundary of net delivered energy (EN
15603:2008 and Ch. 4);

e standard energy calculation input data (EN
15251:2007);

e test reference year to be used in energy calculations
(ISO 15927-4:2005);

e primary energy factors for energy carriers (EN
15603:2008);

e energy calculation rules and methods for energy
need and system calculations, covered in relevant

EPBD standards;

which all affect calculated or measured primary energy
indicator.

Net zero energy requirement has exact performance level
of 0 kWh/(m? a) primary energy. The performance level
of “nearly” net zero energy use is a subject of national
decision taking into account:

e cost optimal and technically reasonably achievable
level of primary energy use

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

e ambition level of the definition



The following definitions are proposed:

net zero energy building (nZEB)
energy use of 0 kWh/(m? a) primary energy

nearly net zero energy building (nnZEB)
national cost optimal energy use of > 0 kWh/(m? a) pri-
mary energy

Primary energy can be calculated with Equation 1 as:

E= Z(Edel,if;zel,i )_z (Eexp,if;xp,i) (1)

i

where

E; is the delivered energy for energy carrier

E.. is the exported energy for energy carrier 7

Jai is the primary energy factor for the delivered
energy carrier 7

Jepi is the primary energy factor for the exported
energy carrier 7, which may or may not be equal
to the factor of the delivered energy, depending
on national definition;

For the national definition of nearly net zero energy
buildings, the performance levels of E-values should be
specified for each building type, at least for those listed
in EPBD recast.

3. Proposed system boundary for net delivered energy
For any low energy or zero energy building definition or
indicator, it would be necessary to specify which energy
flows are included in the definition and which ones not.
Either all energy used in the buildings may be taken into
account, or some energy flows, such as electrical ener-
gy use of occupant appliances may be excluded. Such
energy flow specification is called as system boundary
and it provides a general framework for energy indica-
tors. According to EPBD recast, energy performance is
defined as (article 2):

‘energy performance of a building ’means the calculated
or measured amount of energy needed to meet the ener-
gy demand associated with a typical use of the building,
which includes, inter alia, energy used for heating, coo-
ling, ventilation, hot water and lighting

This energy performance definition helps to understand
the EPBD recast definition for nearly zero-energy buil-
ding (nZEB):

‘nearly zero-energy building’ means a building that has
a very high energy performance, as determined in accor-

dance with Annex I. The nearly zero or very low amount
of energy required should be covered to a very signifi-
cant extent by energy from renewable sources, inclu-
ding energy from renewable sources produced on-site
or nearby

According to these EPBD recast definitions, electricity
for households and outlets are not mandatory to be in-
cluded. All other major energy flows are mandatory to

be included.

EPBD recast, Annex I states common general frame-
work for the calculation of energy performance of buil-
dings. In this framework, it is said that:

The energy performance of a building shall be expres-
sed in a transparent manner and shall include an ener-
gy 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.

This definition means that energy performance indica-
tor may be based on primary energy. But it is let open
to use some other indicator for energy performance to-
gether with primary energy, meaning that energy perfor-
mance requirements may also be based on this other in-
dicator. There is no guidance for this “other” energy per-
formance indicator, expect that is given in energy per-
formance definition (energy used for heating, cooling,
ventilation, hot water and lighting). In the Annex, it is
also referred to the use of relevant European standards:

The methodology for calculating the energy performan-
ce of buildings should take into account European stan-
dards and shall be consistent with relevant Union legis-
lation, including Directive 2009/28/EC.

EN 15603:2008 discusses energy flows to be included
in the energy ratings, Figure 2. It is upon national deci-
sion to take into account electricity for households and
outlets or not.

For the energy boundary specification, the guidance is
provided in EN 15603:2008. This is mainly general gui-
dance, and again, exact specification is let for national
bodies. Inside the boundary the system losses are to be
taken into account explicitly, outside they are taken into
account in the conversion factor (=primary energy fac-
tor). Technical building systems located partly outside
of the building envelope are considered to be inside the
system boundary. It is also clearly stated that the assess-
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articles

ment can be made for a group of buildings serviced by
the same technical systems.

EN 15603:2008 states that for active solar and wind
systems only the energy delivered by the generation de-
vices and auxiliary energy are taken into account in the
energy balance (i.e. kinetic energy of wind is not). It
is to be decided on the national level, if this energy is
part or not of the delivered energy (Definitions, 3.3.4).
Actually this will conflict with EPBD recast, if rene-
wable energy produced on site is considered as delivered
energy (meaning that there is no difference between on
site solar electricity and grid electricity, and on site solar
electricity is not reducing the amount of delivered grid
electricity). In this case, there is conflict with EPBD re-
cast, Annex I, that states that the positive influence of
active solar and other renewables are to be taken into ac-
count. Thus, this national decision seems not any more
relevant and EPBD recast has caused a revision need for

EN 15603:2008.

Proposed energy boundary is modified from EN
15603:2008 and as stated in EPBD recast, renewable
energy produced on site is not considered as part of de-
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Figure 2. In the measured ratings typically all energy
flows are included as measured. In the calculated
energy ratings electricity for households and outlets
(“others”) may or may not be included.

livered energy, i.e. the positive influence of it is taken
into account, Figure 3.

Energy need represents energy need in a building for
heating, cooling, ventilation, domestic hot water, ligh-
ting and appliances (if appliances are included in the sys-
tem boundary as proposed). Energy need for heating is
caused by heat losses and is reduced by solar and inter-

System boundary of net delivered energy

: System boundary of delivered energy I
| Solar and internal On site renewable |
| heat gains/loads energy w/o fuels I
NET ENERGY DELIVERED I
I | Enerey NeED NEED 3“;}?3?
I Heating heating energy BUILDING Y ]
Cooling TECHNICAL o z
| Ventilation < cooling energy SYSTEMS district heat . 2
DHW - I district cooling  § & £
| Appliances electricity for production fuels 1 q:, *E
B appliances (renewable and - %
[ System losses non-renewable) 15 ©
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heating energy = %
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Figure 3. Energy boundary of net delivered energy and how it forms from energy need, energy use of technical
building systems, on site renewable energy production, delivered energy and exported energy. The box of “Energy
need” refers to rooms in a building and both system boundary lines may be interpreted as the building site boundary.
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nal heat gains. Net energy need is the energy need minus
heat gains, i.e. thermal energy without any system losses
needed to maintain indoor climate conditions. For the
lighting and appliances electrical energy is needed.

Building technical systems supply the amount of net
energy needs of heating, cooling and electrical energy.
To supply these net energy needs, building technical sys-
tems use energy and have typically some system losses
and energy conversion in some systems (i.e. heat pumps,
fuel cells). The energy used by the building technical sys-
tems is from delivered energy to the building or from on
site renewable energy (without fuels).

Delivered energy to the building is grid electricity, district
heat and cooling, renewable and non-renewable fuels.
On site renewable energy without fuels is energy produ-
ced from active solar and wind (and from hydro if avai-
lable). Renewable fuels are not included in this term, be-
cause they are treated as delivered energy to the building,
i.e. off-site renewables. Energy from heat sources of heat
pumps (air, ground, water) is also renewable energy, but
this information is not needed for heat pump system and
delivered energy calculations which are based on COP da-
ta of heat pumps. (However, energy taken from heat sour-
ces of heat pumps is needed for calculation of the share of
renewable energy, which is additional information).

System boundary of net delivered energy
—_— L] —_— L] —_— L] —_— —_— L]

On site renewable energy production systems may
supply other technical building systems, thus reducing
the need for the delivered energy to building, or may
be directly exported to energy networks. This is taken
into account in the net delivered energy balance. Net
delivered energy is delivered minus exported energy,
both expressed per energy carrier.

Primary energy use is calculated from net delive-
red energy, per energy carrier, as product of primary
energy factor and net delivered energy of that ener-
gy carrier.

4, An example of energy flow calculation
Consider an nnZEB office building located in Paris with
following annual net energy needs (all values are specific

values in kWh/(m? a)):

3.8 kWh/(m? a) net energy need for heating
(including ventilation and DHW)

11.9 kWh/(m? a) net energy need for cooling
21.5 kWh/(m? a) electricity for appliances
10.0 kWh/(m? a) electricity for lighting

Breakdown of the net energy need is shown in
Figure 4.

h——————————————————————

Primary energy: 4.2*1.0 + (33.8-9.0)*2.5 = 66 kWh/(m? a)
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Figure 4. Calculation example of the energy flows in nnZEB office building.
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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
mechanical cooling 3.5. Ventilation system with specif-
ic fan power of 1.2 kW/(m?/s) will use 5.6 kWh/(m? a)
fan energy. There is installed a solar PV system provid-
ing 15.0 kWh/(m? 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 4, in the
building technical systems box. Gas boiler with 90% ef-
ficiency results in 4.2 kWh/(m? a) fuel energy. Electricity
use of the cooling system is calculated with seasonal ener-
gy efficiency ratios 10 and 3.5 respectively. Electricity use
of free cooling, mechanical cooling, ventilation, lighting
and appliances is 39.8 kWh/(m? a). Solar electricity of
15.0 kWh/(m? a) reduces the net delivered electricity
to 24.8 kWh/(m? a). Net delivered fuel energy (caloric
value of delivered natural gas) is 4.2 kWh/(m? a). From
these two net delivered energy flows, primary energy is

calculated with the result of 66 kWh/(m? a).

5. Conclusions

In this paper a technical definition for nearly net zero
energy buildings is proposed. This definition is needed
in the member states for the implementation of EPBD
recast. In order to propose a general definition, it was

needed to clarify:

e which energy flows shall be included

e the use of primary energy factors for primary energy
indicator

e system boundary definition with inclusion of active
solar and wind

e the technical meaning of “nearby” in EPBD recast
so that it may mean existing district heating or
cooling network or any other technical system
serving a group of buildings

Energy performance definition of EPBD recast was fol-
lowed so that appliances (households and outlets) were
included, i.e. all energy used in buildings would be ac-
counted. For the system boundary definition, a general
form modified from the one of EN 15603:2008 is pro-
posed. It is proposed to the Member States to use the
system boundary shown in Figure 3 and primary energy
definition given by Equation 1 in defining the perfor-
mance levels of nearly net zero energy buildings.

Net zero energy requirement has exact performance level
of 0 kWh/(m? a) primary energy use. The performance
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level of “nearly” net zero energy use depends on natio-
nal conditions and decisions. The following definitions
were proposed:

net zero energy building (nZEB)
energy use of 0 kWh/(m? a) primary energy

nearly net zero energy building (nnZEB)
national cost optimal energy use of > 0 kWh/(m? a)
primary energy

In order to be a sound definition, nearly net zero energy
building defined through primary energy indicator, shall re-
fer to specified energy calculation framework, including:

o system boundary of net delivered energy
(EN 15603:2008 and Figure 3);

e standard energy calculation input data
(EN 15251:2007);

e test reference year to be used in energy calculations
(ISO 15927-4:2005);

e primary energy factors for energy carriers
(EN 15603:2008 and Equation 1);

e cnergy calculation rules and methods for energy
need and system calculations, covered in relevant

EPBD standards;

which all affect calculated or measured primary energy in-
dicator. The performance levels shall be specified for each

building type, at least for those listed in EPBD recast.
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