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Preface

This project was carried out within the Technology Collaboration Programme on Heat Pumping
Technologies (HPT TCP), which is a Technology Collaboration Programme within the International
Energy Agency, IEA.

The IEA

The IEA was established in 1974 within the framework of the Organization for Economic Cooperation
and Development (OECD) to implement an International Energy Programme. A basic aim of the IEA is
to foster cooperation among the IEA participating countries to increase energy security through energy
conservation, development of alternative energy sources, new energy technology and research and
development (R&D). This is achieved, in part, through a programme of energy technology and R&D
collaboration, currently within the framework of nearly 40 Technology Collaboration Programmes.

The Technology Collaboration Programme on Heat Pumping Technologies (HPT TCP)

The Technology Collaboration Programme on Heat Pumping Technologies (HPT TCP) forms the legal
basis for the implementing agreement for a programme of research, development, demonstration and
promotion of heat pumping technologies. Signatories of the TCP are either governments or
organizations designated by their respective governments to conduct programmes in the field of
energy conservation.

Under the TCP, collaborative tasks, or “Annexes”, in the field of heat pumps are undertaken. These
tasks are conducted on a cost-sharing and/or task-sharing basis by the participating countries. An
Annex is in general coordinated by one country which acts as the Operating Agent (manager).
Annexes have specific topics and work plans and operate for a specified period, usually several years.
The objectives vary from information exchange to the development and implementation of technology.
This report presents the results of one Annex.

The Programme is governed by an Executive Committee, which monitors existing projects and
identifies new areas where collaborative effort may be beneficial.

Disclaimer

The HPT TCP is part of a network of autonomous collaborative partnerships focused on a wide range
of energy technologies known as Technology Collaboration Programmes or TCPs. The TCPs are
organised under the auspices of the International Energy Agency (IEA), but the TCPs are functionally
and legally autonomous. Views, findings and publications of the HPT TCP do not necessarily
represent the views or policies of the IEA Secretariat or its individual member countries.

The Heat Pump Centre
A central role within the HPT TCP is played by the Heat Pump Centre (HPC).

Consistent with the overall objective of the HPT TCP, the HPC seeks to accelerate the implementation
of heat pump technologies and thereby optimise the use of energy resources for the benefit of the
environment. This is achieved by offering a worldwide information service to support all those who can
play a part in the implementation of heat pumping technology including researchers, engineers,
manufacturers, installers, equipment users, and energy policy makers in utilities, government offices
and other organisations. Activities of the HPC include the production of a Magazine with an additional
newsletter 3 times per year, the HPT TCP webpage, the organization of workshops, an inquiry service
and a promotion programme. The HPC also publishes selected results from other Annexes, and this
publication is one result of this activity.

For further information about the Technology Collaboration Programme on Heat Pumping
Technologies (HPT TCP) and for inquiries on heat pump issues in general contact the Heat Pump
Centre at the following address:

Heat Pump Centre

c/o RISE - Research Institutes of Sweden

Box 857, SE-501 15 BORAS, Sweden

Phone: +46 10 516 53 42

Website: https://heatpumpingtechnologies.org



https://heatpumpingtechnologies.org/

9 Report Annex 49 part 1 State of the Art

Final Report IEA HPT Annex 49 part 1
State of the Art of heat pump application in nZEB

Carsten Wemhoener (Editor)

IET Institute for Energy Technology

OST - Eastern Switzerland University of Applied Sciences, Rapperswil
carsten.wemhoener@ost.ch

December 2020 @ International Energy Agency
Heat Pumping Technologies



Imprint

IEA HPT Annex 49 "Design and integration of Heat pump for nearly Zero Energy Buildings"

The work presented here is a contribution to the Annex 49 in the Heat Pumping Technologies (HPT)
Technical Collaboration Programme (TCP) of the International Energy Agency (IEA)

Operating Agent (Switzerland):

IET Institute for Energy Technology, HSR University of Applied Sciences Rapperswil
(now: OST — Eastern Switzerland University of Applied Sciences, Rapperswil)

Prof. Carsten Wemhoner, carsten.wemhoener@ost.ch, Lukas Rominger

Austria:

Unit for energy efficient building UIBK, University of Innsbruck, Austria
Dr. Fabian Ochs Fabian.Ochs@uibk.ac.at, Mara Magni Mara.Magni@uibk.ac.at
IWT Institute of Thermal Engineering, Graz Technical University, Austria:
DI Dr. tech. Andreas Heinz andreas.heinz@tugraz.at

AIT Austrian Insitute of Technology

Philip Horn, Philip.Horn@ait.ac.at, Tim Selke, tim.selke@ait.ac.at

Belgium:
Institute of Aero-Thermo-Mechanics, ULB (Université Libre de Bruxelles), Brussels, Belgium

Prof. Dr. Patrick Hendrick, patrick.hendrick@ulb.ac.be

Germany:
Technical University Georg-Simon Ohm, Nuremberg

Prof. Dr. Arno Dentel, Arno.Dentel@th-nuernberg.de,

Christina Betzold, Christina.Betzold@th-nuernberg.de

Institute of Building Services and Energy Design IGS, University of Braunschweig,
(now: Steinbeis-Innovationszentrum energie+ (SIZ energie+))

Franziska Bockelmann, franziska.bockelmann@stw.de

TEB GmbH, Vaihingen/Enz

Dr. Thomas Dippel, dippel@teb-online.de

Norway:
SINTEF Community, Trondheim, Norway

@ystein Rgnneseth, oystein.ronneseth@sintef.no, Maria Justo Alonso, maria.j.alonso@ntnu.no
NTNU

Prof. Dr. Laurent Georges, laurent.georges@ntnu.no, Dr. John ClauR3, john.clauss@ntnu.no
COWI AS

Dr. Ing. J@rn Stene, jost@cowi.no
Sweden:

RISE Research Institutes of Sweden, Boras
Ola Gustafsson, ola.gustafsson@fri.se

United Kingdom:
Renewable Energy, Glen Dimplex, UK
Martin Betz, martin.betz@glendimplex.co.uk

USA:

Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA

Van D. Baxter, baxtervd@ornl.gov, Ahmad Abuheiba, abuheibaag@ornl.gov

National institute of Standards and Technology (NIST), Gaithersburg, Maryland, USA

W. Vance Payne, Ph.D., vance.payne@nist.qgov, Brian P. Dougherty, brian.dougherty@nist.qgov
Center for Environmental Energy Engineering (CEEE), University of Maryland

Prof. Reinhard Radermacher, Ph.D., raderm@umd.edu, Jiazhen Ling, Ph.D., jiazhen@umd.edu

Center for Sustainability in the Built Environment (City@UMD), University of Maryland, College
Park, Maryland, USA
Prof. Jelena Srebric, Ph.D., jsrebric@umd.edu

IEA HPT Annex 49

IEA HPT Annex 49 is a corporate research project on heat pump application in

Nearly Zero Energy Buildings r\DF
The project is accomplished in the Heat Pump Technologies (HPT) Technology @ qu
Collaboration Programme (TCP) of the International Energy Agency (IEA).

Internet: http://www.heatpumpingtechnologies.org/annex49


mailto:carsten.wemhoener@ost.ch
mailto:Fabian.Ochs@uibk.ac.at
mailto:Mara.Magni@uibk.ac.at
mailto:andreas.heinz@tugraz.at
mailto:Philip.Horn@ait.ac.at
mailto:tim.selke@ait.ac.at
mailto:patrick.hendrick@ulb.ac.be
mailto:Arno.Dentel@th-nuernberg.de
mailto:Christina.Betzold@th-nuernberg.de
mailto:franziska.bockelmann@stw.de
mailto:dippel@teb-online.de
mailto:oystein.ronneseth@sintef.no
mailto:maria.j.alonso@ntnu.no
mailto:laurent.georges@ntnu.no
mailto:john.clauss@ntnu.no
mailto:jost@cowi.no
mailto:ola.gustafsson@ri.se
mailto:baxtervd@ornl.gov
mailto:abuheibaag@ornl.gov
mailto:vance.payne@nist.gov
mailto:brian.dougherty@nist.gov
mailto:raderm@umd.edu
mailto:jiazhen@umd.edu
mailto:jsrebric@umd.edu

Abstract

The IEA HPT Annex 49 "Design and integration of heat pumps for nearly Zero Energy
Buildings" deals with the heat pump application as core component of the HVAC system for
nearly or Net Zero energy buildings (nZEB/NZEB) and is structured in the following Tasks:

Task 1. State of the art in different countries

Task 2: Integration options for multifunctional heat pumps in nZEB

Task 3: Field monitoring of marketable and prototype heat pumps in nZEB
Task 4: Design and control of integrated heat pumps for nZEB

This report summarises the results of the state of the art analysis in Task 1 and gives an
overview on nZEB implementation on the national level of the participating countries.

As introduction the political framework with the respective EU Directives and different ap-
proaches to support a harmonised definition for the implementation of nZEB in the EU member
countries states are given. Based on a 10-year transition period for nZEB implementation for
all new buildings, the nZEB requirement will become the standard by Jan 1, 2021. Due to a
rather vague definition of an nZEB in the EPBD, different harmonisation initiatives published a
definition of nZEB with the intention to harmonise the implementation of nZEB in the EU
member states. REHVA and CEN published a definition and system boundaries for an nZEB
rating. A similar definition has been published in the USA by the DOE. CEN additionally
supported the nZEB implementation with an nZEB rating procedure and a set of standard for
the energy calculations, which are currently also transferred to ISO level. The EU has made
amendments of guidelines regarding cost-optimality and published benchmarks as orientation
of the expected ambition level.

However, the implementation of the participating countries Austria, Germany, Norway, Sweden
and Switzerland, which is analysed and described in more detail, confirms, that the implemen-
tation in the single participating countries differs in terms of system boundaries, criteria and
limits for the nZEB rating, which is also backed-up by other comparative studies. Thereby, the
ambition level to achieve a high energy performance in the new built sector is hard to compare,
which is additionally hindered due to different calculation methods and different boundary
conditions used in the single countries. Therefore, a methodology to compare the ambition
level across different countries has been developed using building and system simulation and
tested for the countries Germany, Austria and Switzerland for a single family house. The
method transforms a standard single family house to the national nZEB according to the
national implementation and then back to common boundary conditions. Compared to a
reference building, a methodology allows a relative comparison among nZEB implementations,
which show significant difference among the countries. While some countries make a step
forward to higher energy efficiency and are actually approaching a nearly zero energy
consumption, other countries stay virtually on the same level as before. However, the
methodology has only been tested for single family buildings and heat pump heating systems.
Based on the strong differences in the results, the method should be further developed to cover
other building use and shall be tested for different heating systems in order to enable a more
general evaluation.

Furthermore archetype concepts for nZEB are described, and upcoming technologies used in
nZEB are linked to the Annex 49 contributions. As outlook, an overview of high performance
building labels is given. As general conclusion heat pumps are already well establish in nZEB
building concepts and are seen as a key technologies for nZEB. On the other hand, the
introduction of nZEB will promote heat pump markets also for the application in larger buildings
in order to reach ambitious energy requirements. Moreover, integration of storage and adapted
controls can notably improve self-consumption and grid-supportive operation. However, larger
storage design for higher energy flexibility is mostly not economic for the owner at current
market conditions. These results are confirmed by the investigation of Annex 49 contributions
and described in detailed in the other parts of the Annex 49 reports on field monitoring,
prototype developments and accompanying simulation studies.
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1 Introduction to nZEB

1.1 Political background

1.1.1 EU-energy strategy and related EU directives in Europe

In 2007 the EU published the so-called 20-20-20 by 2020 strategy referring to 20 % less CO»-
emissions, 20 % enhanced energy efficiency and 20 % renewable energy share to be reached
by the year 2020.

In order to implement the strategy three EU-Directives and a Guideline have been published

o EU Directive on the Energy Performance of Buildings (EPBD recast, 2010, latest
update 2018)

Besides an outline of energy efficiency measures and requirements for building energy
labelling (building energy certificate) the recast of the directive sets the target that all new
buildings in the EU shall reach near zero energy consumption by the year 2021.

e EU Directive on Energy related Products (ErP Directive), European Parliament
(2009), also known as Ecodesign Directive)

The directive sets guidelines for product labelling, among others also heat generators and
air-conditioner and thermal storages. The motivation is to make the EU products top runners
in energy efficiency. Different product groups are organised in so-called lots and were
successively labelled. Since Sept. 2015 EU member states are required to introduce an
eco-design labelling also for heat generators up to 70 kW. Thereby, different efficiency limits
for the different heat generators have been introduced in the first step, and also combination
of heat generator can be labelled as package, e.g. a combination of a boiler with solar
thermal collector. The efficiency requirement will be periodically revised and tightened, and
products not fulfilling the requirements will be banned from the market. Heat pumps are
ranked among maost efficient heat generators.

e EU Directive on the Promotion of Renewable Energy Use (RES-Directive, 2009,
latest update 2018 denoted as RED Il — Renewable Energy Directive)

The directive defines targets for renewable energy in the member countries. In the current
RED Il the overall EU target has been raised to 32% based on the 20% target in the previous
RES directive. Moreover, in the RES-Directive of 2009, criteria and calculation methods
which energies are considered renewable were defined. For heat pumps the source energy
to be considered renewable, if the Seasonal Performance Factor (SPF) reaches a value
higher than 2.63 in 2010. This value depends on the average electricity generation
efficiency in the EU.

¢ Guidelines on cost optimal levels for nZEB (EC, 2012)
The cost-optimal level is defined as “the energy performance level which leads to the lowest
cost during the estimated economic life-cycle”. The EPBD requires the member states to
report on the comparison between the minimum energy performance requirements and the
calculated cost-optimal levels using the Comparative Methodology Framework provided by
the Commission (EPBD Art 5.2, 5.3, 5.4 and Annex lll). The report shall also provide all
input data and assumptions made.

The recast of the EPBD (2010) — current version EPBD (2018) - defines the requirement that

from the beginning of 2021 all new buildings should be nearly Zero Energy Buildings (nZEB).

More details of the time schedule for the introduction of nZEB in the member states of the EU

is depicted in Figure 1. The contained definition of a nearly zero energy building, however, is

quite vague, as it only states:

A nearly Zero Energy Building

e means a building with "a very high energy performance”
o Nearly or very low energy amount should be covered to a very significant extent by
energy from renewable sources, including renewable energy produced on-site or nearby
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Figure 1: Time schedule for the implementation of nZEB (source: Atanasiu et al., 2013)

The marked parts of the statement are not clearly defined and can be interpreted differently,
so that in fact, no common definition of an nZEB exists, yet. In the EU each of the member
states have to declare, how an nZEB is defined on the national level.

Therefore, different approaches have been undertaken by different institutions to elaborate an
unambiguous and harmonised definition of nZEB, which are described in the following
chapters.

1.2 Definition of nZEB

Despite the strong focus of political strategies on nZEB there is no harmonised and consistent
definition of an nZEB, yet. Based on the vague expressions in the EPBD European member
states have the task of defining an nZEB. However, different initiatives try to harmonise the
definitions of NZEB in order to derive some comparability across the different definitions in the
European member states. In the following different harmonisation initiatives are shortly
described, starting with a definition framework which sets the criteria that should be contained
in a complete and thorough definition of an nZEB.

In the common understanding, a Net Zero Energy building is a grid-connected building, which
produces (exports) as much energy on-site by renewable sources as it consumes (imports) on
an annual basis.

In the term NET the balance is expressed, i.e. an NZEB is not a self-sufficient building, which
can cover the demand at any time, but only for a certain balance period, currently usually an
annual balance period. Based on the REHVA Definition (see chap. 1.2.2) a Net Zero Energy
Building (NZEB) and a nearly Zero energy building (nZEB) can be defined as follows:

Net Zero Energy Building (NZEB)

According to the REHVA definition (Kurnitski, 2013) a net Zero Energy Building is a building
with a non-renewable primary energy of 0 KWh/(m?yr). The balance is normally achieved by
import of delivered energy from connected electrical or thermal grids or fuels and export of on-
site generated energy. For balancing the energy is weighted, mostly with primary energy
factors. The balance is thus achieved by energy generation under favourable boundary
conditions, while energy is delivered from the connected sources otherwise.

nearly Zero Energy Building (nZEB)

nZEB hence is a “technically and reasonable achievable national energy use higher than zero
kWh/(m?yr), 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. Thus, "reasonably achievable" is assumed
by comparison with national energy use benchmarks appropriate to the activities served by the
building” (Kurnitski, 2013)

However, these two definitions are not comprehensive, and for a thorough definition, further
criteria regarding the nZEB balance must be defined, which is currently the task of the EU
Member states. Nevertheless, currently, definitions are quite different among the EU-member
states. In the following approaches to harmonise the definition are presented.
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1.2.1 Definition framework IEA ECBCS Annex 52/SHC Task 40

In the frame of the joint IEA ECBCS Annex 52/SHC Task 40 the subtask A was to elaborate a
uniform definition of nZEB. On the background that the implementation of the EPBD recast
(2010) is accomplished on the national level of the EU-member states, a consistent definition
framework has been published in Sartori et al. (2012). Instead of the detailed definition, the
criteria for the consistent definition are elaborated. The criteria are divided in 5 groups, which
are given in Figure 2, in conjunction with the basic concept of nZEB. To each item the options
discussed for an implementation and the most common definition of the criteria is given, too.

System boundary:
Physical boundary (Building, Group, Neighbourhood)
, Balance boundary (Building technology, Plug loads, embodied energy)

2 7 Weighting system:
, Metric (Primary energy, CO;, cost)

5\ s Symmetric Weighting (symmetric, asymmetric)

& nearly Zero Energy Balance:

\_ﬂ// Balancing period (hour, month, year, life-cycle)
\\e’ 4 Type of balance (Design (demand), Measurements (consumption))
s X Additional requirements (energy efficiency, energy production)

Weighted energy production
(e
Y

Temporal energy profile:
Energy efficiency Load match (DCF, SCF)

passive approaches grid interaction

Renewable energy production

?
S

weighted energy consumption Measurement concept and verification:
Verification of balance (Design values, consumption)
Based on Sartori et al.,, 2012

Figure 2: Criteria for a consistent definition of nZEB (according to Sartori et. al, 2012)

The different criteria are shortly described in the following. More details can be found in Sartori
et al. (2012).

As afirst group of criteria, the basic boundaries have to be defined, consisting of the physical
system boundary of what to consider as on-site energy production and the balance boundary,
defining the part of the energy taken into account in the balance.

Moreover, the type of building and boundary conditions concerning the site of the building in
terms of weather data, and comfort levels have to be given. In Figure 3 different physical
boundaries are depicted.

1. On-site generation from off-site renewables
(Transportation of sources needed - biomast...)

IV. Off-site generation
{Imvestment in off-site technologies - windmil...)

V. Off-site supply
(purchase Of ,green” energy - .green power"..)

Figure 3: Different physical balance boundaries (Marszal et al., 2010)

The closest physical boundary | relates to the generation on the building footprint, i.e. all
energies for the balance have to be produced on the building. In system boundary Il and Il the
on-site generation is extended to the building estate and to transportation of source energy to
the building, e.g. in the form of biomass. For boundary 1V also investment in off-site renewable
production plants is possible and for boundary V off-site generation can be substituted by the
purchase of renewably produced off-site “green” energy, e.g. electricity from renewable
sources.

The most common physical boundary is currently a boundary with on-site generation, i.e. the
imported energy has to be compensated by on-site renewable energy production.
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The second criterion concerning the balance is denoted as balance boundary and defines
which energies are taken into account.

In most definitions of plus energy buildings, i.e. buildings, which reach a surplus of exported
energy in the annual balance, the balance boundary is normally set to a zero energy house,
i.e. including the plug loads, since otherwise about half of the energy consumption would not
appear in the balance, so the term “plus” energy building would be misleading.

The largest balance boundary is the ambition level of a zero life-cycle building, which is
denoted zero-LCA-house and takes into account also the embodied energy in the building
materials and sometimes also the mobility needs. The larger the balance boundary is chosen,
the larger the energy generation system has to become in order to compensate for the
weighted energy consumption, which has strong implications for the design of the systems.
As the energy consumption is also dependent on the boundary conditions, e.g. the climate
data of the site and the comfort level to be reached, these boundary conditions also have to
be defined.

The second group of criteria, is the metric for the balance, where besides the common
energy metrics delivered energy or primary energy, also CO»-emissions, stressing climate
change considerations, or monetary units, stressing the economics (zero energy cost building)
can be thought of. In fact, e.g. the UK is heading for the introduction of zero carbon buildings,
which sets the COz-emissions as weighting criterion.

Moreover, weighting of imported and exported energy could be symmetric to take into account
the substitution effect in the grid, or asymmetric, e.g. to promote certain technologies or self-
consumption. Volatile prices may also be reflected in time-dependent weighting in the future.
As a third group of criteria the definition should contains details on the net zero energy
balance. One criterion is the time period for the balance. Currently, mainly an annual balancing
is applied, which, however, neglects the typical seasonal mismatch between on-site production
surplus in summer and deficit in wintertime, which is typical for solar technologies like solar
PV.

In order to better take into account this characteristic, also a monthly balance or some kind of
limitation, e.g. a PV surplus in summer is not accounted in the balance, are in discussion.
Moreover, the type of balance, which, depending on the available data, could be the balance
of the imported and exported energy (taking into account the self-consumption, which can only
be evaluated, when the building is in operation), or a load and generation balance (which is
based on design data). Since the import-export balance requires information from the
operation phase, mostly the load—generation balance based on design data is applied.
Furthermore, additional criteria on minimum energy efficiency requirements and explicit
minimum required shares by certain technologies, e.g. minimum renewable generation, may
be defined in order to secure energy-efficiency of the building envelope or the system,
respectively.

The fourth group of criteria is related to the temporal relation between production and
consumption and can be characterised by the terms “load match” and “grid interaction”. The
load match describes the temporal match between the on-site consumption and production of
the energy. The grid interaction is a characteristic for the stress that is put on the grid by import
and export of on-site energy generation and consumption. With a broader introduction of nZEB,
these criteria will gain importance and refer to the integration of nZEB into the connect energy
grids in order to work in synergy with the requirements of the grids. This aspect is addressed
by the flexibility which buildings can offer for the grid operation, e.g. as load shifting potential,
and is denoted as demand response. Demand response capability may become a further
requirement for the building technology in the future in order to achieve an optimal integration
of nZEB into the connected energy grids. The objective is to design the building system in
order to minimize the impact on the grid. nZEB which are able to work in line with grid
requirements offer a better integration into a future smart grid which is an additional benefit.
Up to now, criteria of the temporal match are hardly considered in the definition of nZEB.

Last but not least, the fifth group of criteria refers to the verification of the balance, which
necessitates a certain monitoring of the consumption and generation. Thus, rules for the
measurement and verification should be included for a complete definition.
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1.2.2 CEN/REHVA Definition

The European heating, ventilation and air-conditioning engineering association REHVA has
published a definition of nZEB in 2013 as an update of the prior definition of 2011. The
definition in 2013 has been elaborated in collaboration with the European standardisation
organisation CEN, which has the mandate to develop accompanying standards for the
implementation of the EPBD recast (2010) — current version EPBD (2018).

Figure 4 shows the definition of the building physical boundary distinguished by an on-site
production and a nearby production. According to the REHVA definition, a nearby production
can be accounted to the building, if a contractual long-term agreement exists, i.e. the nearby
production has a long-term link to the building supply (Zirngibl, 2014). The target calculation
values of the EPBD recast and the respective CEN standard prEN 15603 (2013) is the area
specific non-renewable primary energy consumption E,,nen, Which are calculated according to
the following equations:

E Z(Edel,i : fdel,nren,i )_Z(Eexp,i ’ fexp,nren,i)

P,nren i i
A A (1)
where
EP - primary energy indicator [KWh/(m2yr)]
Ep en - NON-renewable primary energy indicator [kWh/yr]
E. ;- delivered energy on-site or nearby for the energy carrier i [kWh/yr]
Eexp,i - exported energy on-site or nearby for the energy carrier i [kKWh/yr]

del.nren i - NON-renewable primary factor of delivered energy carrier i [-]

— non-renewable primary factor of delivered energy compensated by the exported energy for

energy carrier i [-]

Delivered
energy nearby

energy on site On site 0 Nearby

Delivered enerdy uss Nearby
eal
energy on site o!ﬂ'_le production | EXPorted
Total building 1 plant energy nearby
] —
energy use | System boundary I I
of the building y of energy use .
| Exported ——— e e o -
|

System boundary of energy use

Distant

Figure 4. Physical boundary of the REHVA definition regarding on-site and nearby production
(according to Kurnitski, 2013)

The primary energy factor is by default the same value as the factor of the delivered energy, if
not nationally defined differently. The following two definitions were developed for a uniform
implementation of the EPBD (Kurnitski, 2013) corresponding to these calculated values.

"Net Zero Energy Building (NZEB)
Non-renewable primary energy of 0 kWh/(m?2 yr)."

"nearly Zero Energy Building (nZEB)

Technically and reasonably achievable national energy use of > 0 kWh/(m2 yr), 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”
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Figure 5: Detailed physical boundary of the REHVA definition and boundary for the calculation of
renewable energy use (Kurnitski, 2013)

In this definition "reasonably achievable’ means by comparison with national energy use
benchmarks appropriate for 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 EU-commission has established a comparative methodology framework for calculation of
cost-optimal levels (European Commission, 2012).

Based on this definition, REHVA developed in co-operation with CEN a certification scheme
with requirements for an nZEB rating procedure in the draft standard prEN 15603:2013. The
current version of the overarching standard is EN ISO- 52000-1:2018, see chap. 1.2.4 The
requirements for the rating consists of four steps, which are depicted as a hurdle race in Figure
6. Each of the single requirements has to be fulfilled to receive the nZEB rating, i.e. each hurdle
has to be passed.

The first requirements is related to the building energy needs in terms of used energy, i.e. a
certain efficiency of the building envelope is required.

The second requirement is set for the overall primary energy consumptions, which limits the
total energy consumption. By this requirement the efficiency of the used building system
technology is set.

Hurdle 1: Hurdle 2: Hurdle 3: nZEB rating:
Building needs Building use Building use Primary energy
total primary energy non-renewable balance

prim. energy

& & @ —

“l B ] [ i -
- - '
Figure 6: “Hurdle race” of the single criteria for nZEB rating and certification according to
prEN 15603:2013 (Zirngibl, 2014)

The third requirement is set on the non-renewable primary energy use, which defines in turn
requirements for the minimum of renewable energy use.

Finally, the fourth requirement sets limits for the energy balance, i.e. how much primary energy
consumption is allowed to be rated as a nearly zero energy building. Depending on the
balance, the category A-G on the building energy certificate is determined. By this procedure,
only the methodology is fixed, while the limit for the single “hurdles” can still be defined on the
national level according to national requirements. However, despite different limits, the
resulting nZEB rating is still comparable among the member states.
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1.2.3 Definition for Zero Energy Buildings by DOE of the USA

In 2014, the U.S. Department of Energy (DOE) Building Technologies Office (BTO) contracted
the National Institute of Building Sciences to establish definitions, associated nomenclature
and measurement guidelines for zero energy buildings, with the goal of achieving widespread
adoption and use by the building industry. To present the results of that work, the institute
prepared the report “A Common Definition for Zero Energy Buildings” (2015).

Based on this work, the definition of a Zero Energy Building (ZEB) is stated as follows:

“An energy-efficient building where, on a source energy basis, the actual annual delivered
energy is less than or equal to the on-site renewable exported energy” (Peterson et al., 2015)
Therefore, the definition is based on an annual balance of imported and exported primary
energy, denotes as source energy in the US. The definition is similar to the REHVA nearly
Zero Energy Building (nZEB) definition. For a clear understanding about imported and
exported energy, Figure 7 shows the site boundary of the definition.

LEGEND
ON-SITE Electricity
RENEWABLE ENERGY === Heating Energy
L =mm Cooling Energy
- — els
vy
DELIVERED ENERGY ENERGY USE
(Renewable & BUILDING NEEDS
Non-Renewable) sk—) Heating
BUILDING SYSTEMS Cooling
bl o Ventilation
inEEEEE P
Energy use _DH\_N
and production Lighting
Plug Loads
EXPORTED ENERGY —— System losses Process
(Renewable) ———  and conversions
Notes

1. The dashed lines represent energy transfer within the boundary
2. The solid lines represent energy transfer entering/leaving the boundary
used for zero energy accounting

Figure 7: Site boundary of energy transfer for zero energy accounting (source: Peterson et al., 2015)

As seen, the ZEB energy accounting includes energy used for heating, cooling, ventilation and
DHW (indoor and outdoor) lighting, plug loads, and process energy. Also transportation within
the building is included.

An important factor for the import and export of energy are the conversion factors, so if
electricity is directly imported, a source energy conversion factor of 3.15 is given. For the
calculation of the source energy, the following equation is used:

Esource = Z Edel,i ’ rdel,i + Z Eexp,i ’ rexp,i (3)

where

Eqe1; - delivered energy for energy type i;

E..p i - €Xxported on-site renewable energy for energy type i;

Tqer; - SOUrCe energy conversion factor for the delivered energy type i;
Texp,i - SOUrce energy conversion factor for the exported energy type i
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Table 1 gives an overview of source energy conversion factors, corresponding to primary
energy factors in Europe, for different energy carriers. Imported and exported electricity are
weighted with the same factor, thus, for all electric buildings, no weighting is required.

Table 1: US national source (primary) energy conversion factors (source: Peterson et al., 2015))

Energy Form Source Energy Conversion Factor ®
Imported Electricity 3.15
Exported Renewable Electricity 3.15
Natural Gas 1.09
Fuel QOil (1,2,4,5,6, Diesel, Kerosene) 1.19
Propane & Liquid Propane 1.15
Steam 1.45
Hot Water 1.35
Chilled Water 1.04
Coal or Other 1.05

Further information is available at http://www.enerqgy.gov/eere/buildings/articles/doe-releases-
common-definition-zero-energy-buildings-campuses-and

1.2.4 Accompanying CEN Standards for nZEB implementation

In order to support a harmonised implementation of the EPBD with common calculation
methods and energy balancing, CEN was mandated to develop an update of the first set of
EPBD standards published in 2008. A preliminary version of the overarching standard
containing the nZEB rating was the prEN 15603:2013 already referred to in previous chapters.
These standards are currently also elaborated on an ISO level. The overarching standard EN
ISO 52000-1 of 2017 replacing the prEN 15603 outlines the basic definitions and procedure
for nZEB rating. Despite these harmonisation approaches for common calculation methods
and despite the obligation to implement EN standards into the national standardisation in the
EU member states, currently still national calculation methods persist in many EU member
states for the nZEB rating.

1.2.5 EU guideline on nZEB implementation

In 2016, the Commission developed guidelines for the promotion of nearly zero-energy
buildings in order to ensure that by 2020, all new buildings are nearly zero-energy buildings
(EC, 2016). In this document also benchmark values for office and residential applications of
single family houses for four different climate zones across Europe are provided:

Projecting the 2020 prices and technologies, benchmarks for the energy performance of NZEB are in the
following ranges for the different EU climatic zones (*%):

Mediterranean:

— Offices: 20-30 kWh/(m2.y) of net primary energy with, typically, 80 — 90 kWh/(m2.y) of primary energy use
covered by 60 kWh/(m2y) of on-site renewable sources:

— New single family house: 0-15 kWh/m2y) of net primary energy with, typically, 50-65 kWh/(m2.y) of
primary energy use covered by 50 kWh/(m2.y) of on-site renewable sources;

QOceanic:

— Offices: 40-55 kWh/(m2y) of net primary energy with, typically, 85-100 kWh/(m2.y) of primary energy use
covered by 45 kWh/(m2.y) of on-site renewable sources;

— New single family house: 15-30 kWh/(m2y) of net primary energy with, typically, 50-65 kWh/(m.y) of
primary energy use covered by 35 kWh/(m2y) of on-site renewable sources: and

Figure 8: Benchmarks for different climate zones (source: EC, 2016)
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Continental:

— Offices: 40-55 kWh/(m2.y) of net primary energy with, typically, 85-100 kWh/(m2y) of primary energy use
covered by 45 kWh/(my) of on-site renewable sources:

— New single family house: 20-40 kWh/(m2y) of net primary energy with, typically, 50-70 kWh/(m2y) of
primary energy use covered by 30 kWh/(m2y) of on-site renewable sources;

Nordic:

— Offices: 55-70 kWh/(m2y) of net primary energy with, typically, 85-100 kWh/(m2.y) of primary energy use
covered by 30 kWh/(m2y) of on-site renewable sources:

— New single family house: 40-65 kWh/(m2y) of net primary energy with, typically, 65-90 kWh/(m.y) of
primary energy use covered by 25 kWh/(m2y) of on-site renewable sources.

Member States are advised to use renewable energy sources in an integrated design concept to cover the low
energy requirements of buildings (*).

(*9) See footnote 24.

(") Commission's mandate M/480 to CEN on the elaboration of EPBD standards.

(*) In the study ‘Towards nearly zero-energy buildings- Definition on common principles under the EPBD’ (http:/fec.europa.eufenergy/
sites/ener|files/documents/nzeb_full_report.pdf), carried out by Ecofys for the European Commission, DG ENERGY:
— Mediterranean is referred to as Zone 1: Catania (others: Athens, Larnaca, Luga, Seville, Palermo)
— Oceanic as Zone 4: Paris (others: Amsterdam, Berlin, Brussels, Copenhagen, Dublin, London, Macon, Nancy, Prague, Warszawa)
— Continental as Zone 3: Budapest (others: Bratislava, Ljubljana, Milan, Vienna)
— Nordic as Zone 5: Stockholm (Helsinki, Riga, Stockholm, Gdansk, Tovarene).

Figure 9: Benchmarks for different climate zones (continued, source: EC, 2016)
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2 Definition of nZEB in participating countries

In the following the nZEB implementation in the participating countries are given.

2.1 Austrian Implementation of EPBD (guideline OIB-6)

2.1.1 Introduction

The Austrian nZEB is defined in the Austrian Institute of Construction Engineering (OIB)
Guideline 6 (Osterreichische Institut fir Bautechnik, 2019). The history of the nZEB imple-
mentation in Austria is summarized in the following:

2008-2013 Member in IEA-Joint Project

2014 Publication of the National Plan, Definition of nZEBs, Report on cost-optimality study
2015: Publication of OIB-Guideline 6:2015

2017: Okostromnovelle

2018: Publication of the Revision of the National Plan, Update of the report on cost-optimality
2019 Revision OIB-6, H5050, H5056, B8110-5, etc.

The previous versions of OIB-6 were published in 2015, 2011 and 2007. Detailed methods and
boundary conditions used in OIB-6 are defined in related standards and documents, which
were also updated in 2018 and 2019. Here, the most relevant official documents with the year
of their publication (current and previous version) are listed:

OIB-6: 2019, 2015, 2011, 2007
National Plan: 2018, 2014
H5056: 2019, 2014

H5050: 2019, 2014

B8110-5: 2019, 2011

B8110-6: 2019, 2014

The work within the framework of IEA HPT Annex 49 started in 2017. The OIB-6:2019 guideline
was published in the second half of 2019 and the implementation in the national calculation
tools (i.e. GEQ) was available only in spring 2020. Therefore, in this report for the calculations
of the case studies (Appendix A) the OIB-6:2015 applies, and changes that came with the
version 2019 are reported in the general part. The overall conclusions should remain valid.
However, some specific results might be subject to change.

During the planning of a new building, it has to be checked whether the application of an
alternative energy system (i.e. heat pumps, district heating and biomass) is feasible from a
technical, ecological and economic point of view.

The present national report focuses on new residential and non-residential buildings with
electric heating and heat pumps. Therefore, only the requirements and results regarding these
cases are presented.

2.1.2 Austrian Energy Certificate

The Austrian Energy Certificate distinguishes residential and non-residential buildings. An
example of a certificate for residential buildings is shown in Figure 10 left. The following
informative performance indicators are shown for the site climate

e Heating demand (HWB)

e Primary energy demand (PEB)

° COz

o Total energy efficiency factor feee

The site climate (SK) is specified in B8110-5 (2019), which distinguishes 7 climatic zones and
a temperature correction with respect to the height above sea level is considered. The
indicators are described in detail in the sections below. The classes for the performance
indicators are given in Figure 10 right top. All specific indicators are related to the gross floor
area (GFA). Each indicator is classified separately.
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The heating demand HWBRgetsk is the heating demand for the building calculated with the site
climate (SK) and Ref indicates the heating demand assuming ventilation according to a
residential building and without possible mechanical ventilation with heat recovery (MVHR).
Thus, the class A++ cannot be achieved in reality. A class A++ building with MVHR would be
a zero space heating building.

= il HWBrReisk | PEBsk CO2eqsk | foeesk

[KWh/m?a] | [KWhim?a] | [ka/m?a] | [-]
10 60 8 0,55
15 70 10 0,70
25 80 15 0,85
50 160 30 1,00
100 220 40 1,75
150 280 50 2,50
200 340 60 3,25
250 400 70 4.00
>250  [>400  [>70 | >4,00

HD |DHW g;w "A"L';';" APP | Wiz | PEwt | CO;

[KWh/(mPaea a)] [kg/(M?cea a)]

15 |77 [227 (94 (139 [230 |303 |5.2

25 |77 327 134|139 |27.0 356 6.1

50 (7.7 |57.7 |234 |139 |37.0 488 |84

Figure 10: Example of Austrian Energy Certificate for Residential buildings (left) and classes for the
performance indicators for the energy certificate (top, OIB-6:2019) as well as simplified
comparison of the classes for PE and CO; or a heating demand (HD) A+, A and B single
family house with A/W-heat pump with a system performance of SPFss = 2.5, electricity
conversion factors for PE and CO; according to OIB-6:2019 (bottom)

The primary energy demand as well as the CO;-emissions include appliances/operational
energy.

A simple example of a residential building (SFH) reveals that the classes are — at least for the
application of heat pumps — not consistent. From 2021 on SFH must meet at least the require-
ment of heating demand lower than 50 kwh/(mz2 yr) for the reference climate, so new buildings
must be at least class B.

Hence, assuming a building with a heating demand of 15 kWh/(mz2 yr) (A+), 25 KWh/(m2 yr) (A)
or 50 kWh/(m2yr) (B), with an air-to-water heat pump with system seasonal performance factor
(including auxiliaries) of 2.5 (e.g. a moderately performing A/W heat pump) and the standard
assumptions for domestic hot water and appliances as applying in OIB-6:2019 the following
performance indicators are obtained: All buildings would be A++ buildings in terms of PE, the
HD class A+ and A building would be a class A+ building concerning CO» and the B building
would be a class A building concerning CO,. From 2021 on, all buildings would need to be
class A+ buildings with respect to feee, while they can still be class B buildings with respect to
the heating demand. The comparison in given in Figure 10 right bottom.

2.1.3 Austrian definition of nZEB

The Austrian nZEB definition, given in OIB-6 and in the so-called National Plan, takes into
account the Austrian reference conditions (RK: reference climate) and is based on numerical
indicators for heating demand, final energy demand and renewable energy sources.

2.1.4 Boundary conditions

2.1.4.1 Climate

The building in the energy certificate is evaluated always with two climates, the reference
climate (RK) and the site climate (SK). ONORM B 8110-5 specifies the monthly temperature
and solar radiation of the reference climate and distinguishes between 7 site climates. The site
climate temperature is corrected by the height above sea level. The reference climate

22/106



represents an average of the Austrian climate, while the site climate is characteristic for each
site.

As an example, Figure 11 shows the comparison between the external temperature according
to the reference climate (Referenzklima) and according to the site climate (Standortklima) for
Innsbruck (570 m above sea level) for B8110-5:2015 and B8110-5:2019.
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Figure 11: Monthly average values of the external temperature: comparison between the reference climate
(Referenzklima) and the site climate (Standortklima) for Innsbruck (height above sea level of 574 m).
Values according to standards B8110-5:2011 and B8110-5:2019

The external temperature according to the reference climate is on average around 2 K higher
than the site climate for Innsbruck. Temperatures of the reference climate according to B8110-
5:2019 are 2 K higher than in the previous versions of the norm.

This was changed to account for the increased temperatures during the last decade. Site
climate temperatures according to B8110-5:2019 are on average 1.5 K higher than the values
in 2011. Solar radiation was not changed. The annual solar radiation on the horizontal is 1102.2
kwh/m? for the reference climate and 1095.4 kWh/m? for the site climate.

2.1.4.2 Indoor temperature and internal gains

The indoor temperature and internal gains are also defined in the ONORM B8110-5:2019. The
indoor temperature is now 22 °C for all the building typologies. In the previous versions (B
8110-5:2011), a temperature of 20 °C was considered for the residential sector. Internal gains
depend on the type of building and are specified in Table 4 to Table 8 of B8110-5:2019.

2.1.5 nZEB requirements

To reach the Austrian nZEB requirements the following limits have to be fulfilled:

e U-values (building physics constraint)
space heating demand depending on the characteristic length and on

o either total energy efficiency factor or final energy demand (so-called “dual path”, see
below)

e renewable sources of energy (on-site or nearby)

In the following sections, the requirements are described in detail.

2.1.5.1 Overall heat transfer coefficients (U-values)

For building physics constraints, maximum U-values of walls, doors and windows are limited.
The value depends on the typology of the construction. Detailed values according to OIB-
6:2019 are shown in Table A 17 in the Appendix.

2.1.5.2 ,Dual path”

The Austrian nZEB definition allows the so-called dual path, i.e. it is possible to choose

between two different paths:

e ‘“fcee path”: requirements on the space heating demand (HWB [kWh/(m?yr)]) and on the
total energy efficiency factor (feee [-]).

e “EEB path”: stricter requirements on the space heating demand (HWB [kWh/(m?yr)]) and
on the final energy demand (EEB [KWh/(m?yr)]).
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The basic idea of the dual path is that a nearly zero energy building can be realized by either
improving the thermal building envelope by stricter requirements on the heating demand
(HWBRet,rk) Or by improving the energetic quality of the HVAC system with increased on-site
or nearby generated renewable energy by reducing the overall energy factor (fgee).

The limits depend on the end-use of the building. The requirements for new residential and
non-residential buildings are shown in chapter 2.1.7 and 2.1.8, respectively.

2.1.5.3 Heating Demand

The space heating demand (HWB) is the amount of energy that must be provided by the
heating system in order to heat the building to a certain temperature, i.e. 20 °C or 22 °C (from
2019 on). The HWB is evaluated as the difference between heat losses (i.e. transmission and
ventilation) and heat gains (i.e. solar and internal). The share of actually useful gain is
determined by using the utilization factor (n):

HWB = Qr + Qv-1n - (Qs + Qp)
where:
Qr - transmission losses, Qv - ventilation losses, 7 - utilization factor, Qs - solar gains, Qi - internal gains
The space heating demand is calculated for both the reference climate (HWBrk) and the site
climate (HWBsk), in each case if applicable with and without mechanical ventilation heat reco-
very (HWB and HWBkger, respectively). In the energy performance certificate, the HWBRgetsk
indicates the heating requirement related to the site climate excl. a possible heat recovery.

2.1.54 HWB-Lines
The so-called HWB-lines limit the spae heating demand (HWB) depending on the character-
ristic length of a building.
HWB = HWB-Line - (1 + 2%
The HWB-Lines are summarized in the following table.

Table 2: So-called HWB-Lines

HWB (HWB-Line/HWB-slope)

HWB 26;19;16;14;12;10;8 (26/2);(19/2.5);(16/3)(84/3);(12/3);(107*);(8/3)
The 26-Line represents the reference building from 2007. The 16-Line represents the maxi-
mum allowed HWB since 2014 and the 10-Line was found to be the cost-optimal line, see
chapter cost-optimality (below). In particular, for compact buildings, the U-values of the 10-
Line are at least close to Passive House quality.

2.1.5.5 National Plan
The national plan indicates a stepwise tightening of the requirements towards 2020. In
particular, compliance with minimum requirements can be achieved by two methods:

e Through tightened requirements on space heating demand (HBWkres), which means better
building envelope in order to reduce the heating/cooling energy needed. This is reflected in
the formula for nZEB 2020 buildings 10 x (1 + 3,0 / £c) where {c is the characteristic length
(usually known as the building's 'shape factor'). The maximum allowed final energy demand
is calculated with the reference HVAC system (HTEB) of 2007. This possibility is denoted
by “EEB path” later on.

The total energy efficiency factor (feee) reflects the building performance in comparison to a

reference building from 2007. This possibility is denoted by “fcee path” later on. The maximum

limit of the HWB to reach the nZEB level refers to the reference climate without heat recovery

(HWBRerrk) and it depends on the characteristic length. The characteristic length is the

measure of the compactness of a building and is expressed as the quotient of the conditioned

gross volume and the surface area of the conditioned gross volume

The maximum allowed heating demand depending on the characteristic length is shown in
Figure 12.
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The typical range of . for typical single family houses and multi-family houses is indicated for
the so-called 16-Line and 10-Line. The compacter the building, the more restrictive is the
maximum allowed heating demand.
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Figure 12: Maximum allowed heating demand according to the so-called 16-Line (feee-path) and 10-Line (EEB-path)
depending on the characteristic length (Ic), range of typical SFH and MFH/office
2.1.5.6 Final Energy Demand
The final energy demand (EEB) corresponds to the energy quantity that has to be purchased.
In the case of residential buildings it is calculated as follow:
EEB = HWB + WWWB + HTEB + HHSB = HEB + HHSB
The domestic hot water heat demand (WWWB) and the household electricity demand (HHSB)
are default values related to the treated area of the building. Values in force and values
according to OIB-6:2015 are given for residential sectors in Table 6.
The heating technology energy demand (HTEB) is the amount of energy that must be used to
operate the heating system. The detailed calculation schemes for different Heating, Ventilation
and Air-Conditioning (HVAC) systems and configurations can be found in ONORM H 5056.
The EEB requirements for achieving nZEB refer to the reference climate. In the ONORM
H5050-1:2019 the following definitions for the residential sector are given:
e The limit EEB (in order to reach the nZEB level according to the “EEB path”) is evaluated
as:
EEBgy = HEBgy + HHSB

¢ The maximum possible EEB value is defined as:
EEBZul,RK = HEBZul,RK + HHSB

¢ And the EEB value for the reference building according to the 2007 standard is:
EEBZG,RK = HEBZ6,RK + HHSB
The EEB includes auxiliary energies for circulation pumps and mechanical ventilation, if
applicable.
In the non-residential sector, EEB is evaluated as follows:

EEB = HWB + WWWB + HTEB + BSB + BelEB + KEB = HEB + BSB + BelEB + KEB
The domestic hot water heat demand (WWWB), the electric energy demand (BSB) and the
lighting energy demand (BelEB) are default values related to the treated area of the building.
Values in force and values according to OIB-6:2015 are given for residential sectors in Table
6. The cooling energy demand (KEB) is defined in the ONORM H 5050-1:2019.

Also for the non-residential sector, EEB requirements for achieving nZEB refer to the reference
climate and the following definitions are provided in ONORM H5050-1:2019:

e The limit EEB (in order to reach the nZEB level according to the “EEB path”) is evaluated
as:

EEBgx = HEBgyg + KEBgry + BelEB + BSB
e The maximum possible EEB value is defined as:
EEB,y, rx = HEB,y r + KEB,y, g + BelEB + BSB
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e And the EEB value for the reference building according to the 2007 standard is:
EEB,grx = HEByg rx + KEBg gy + BelEB + BSB

2.1.5.7 Total energy efficiency

The total energy efficiency factor (fcee) is a relative value and compares the actual building’s
performance to a reference building (defined according to the building standard of 2007). The
higher the value, the worse the building is. It is calculated as follows:

_ EEBgpg EEB of the building
GEE ™ EEB;¢ ri "~ EEB of the reference building according to the standard of 2007

The final energy demand EEB used in the calculation of fsee refers to the reference climate.

If a heat pump (HP) is applied, the energy from the environment must be added to the final
energy demand. In this case, according to ONORM H 5056-2019, the feee is evaluated with the
following equation:

EEBrk+Qumw,wP,Bew (2019)

EE,RK =
fG ’ EEB76 Rk +QUmw,WP,26

Qumwwereew IS the environmental energy required for the planned building construction
(structural and technical) when using a reference COP. According to H5056-2019, the COP is
calculated with a Thermodynamic/Carnot performance factor of 0.30 (fo,gew), independently of
the HP technology, see Table 3. In the case of the previous version of the H5056 (2014),
instead of the reference environmental energy Qumwwe,sew the actual environmental energy
Qumwwp Was evaluated with the Thermodynamic/Carnot performance factor fo depending on
the type of heat pump.

EEBRrg+Qumw,wP (2015)

fGEE'RK EEB3z6 Rk +QUumw,wP,26

Qumwwe.26 IS the environmental energy of the heat pump determined with Thermodynamic/
Carnot performance factor fo, according to H5056-2014, see Table 3, which compares the
Thermodynamic/Carnot performance factors fo according to H5056:2019 and H5056-2014.

Table 3: Thermodynamic performance factor fO depending on the type of heat pump according to
H5056-2014 and H5056-2019

Carnot Performance Factor
H5056-2019 H5056-2014
Energy source | Medium Energy medium | fo (from 2017) fo (from 2005) | fo (from 2005)
All, | Air Water 0.36 0.30* 0.34
extracted air
Ground water | Water Water 0.43 0.40 0.45
Ground Brine Water 0.50 0.44 0.45
Ground Refrigerant | Water 0.46 0.44 0.45
Alr, | Air Hot water 0.37 0.26 0.30
Extracted air
Air, . Hot water
Extracted air Alr (compact HP) 0.37 0.26 0.26
Additional air
Extracted air Air (HR with inte- 0.26 0.24 0.24
grated HP)
*thermodynamic evaluation grade
fO,BeW for evaluation of QUmW,WP,BeW in
the determination of total energy effi-
ciency factor within standard H5050-1

2.1.5.8 Renewable sources of energy

According to the OIB-6:2019 Section 5.2.3, the requirement about energy from renewable

sources is fulfilled, if at least one of the following points from (a), (b) or (c) is applied:

a) The non-renewable primary energy demand (PEBnem. [KWh/(m?yr)]) excluding household
electricity demand or operational electricity demand fulfils the requirements depicted in the
National Plan 2018 from 1.1.2021. Table 4 shows the maximum allowed values of PEB,
comparing the current values (National Plan 2018) to the previous ones (National Plan
2014).
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The PEB represents the energy demand for heating, domestic hot water and electricity
including the process chains for generation, conversion and transport of the energy sources.
PEB is indicated on the energy certificate only for the site climate and it is the result of the
multiplication of the final energy demand by the respective primary energy factor (described
in Table A 17 in the Appendix: fpe = total primary energy factor; fpenem. = NON-renewable
primary energy factor; and feeem. = renewable primary energy factor).

There were two major changes between the two versions of the National Plan with respect
to the maximum primary energy limit. It was related to the total primary energy in 2014 and
to the non-renewable in 2019. The final energy demand (EEB) included appliances (in
residential) and operational electric energy in non-residential buildings in 2014 and excludes
appliances or operational energies in 2019. It includes lighting energy in non-residential
buildings.

Table 4: Maximum values of primary energy demand for new constructions: comparison between
National Plan 2018 and 2014

National Plan 2018 National Plan 2014
Residential building PEBHEB,zul,n.em. = 41 [KWh/(m?3yr)] PEB = 160 [KWh/(m?3yr)]
Non-residential building PEBHeB+BelEB zul,n.ern. =84[KWh/(m23yr)] PEB = 170 [KWh/(m23yr)]

In the non-residential sector, the limit for the non-renewable primary energy demand can be increased
by 16 kWh/(m?yr) (related to a floor height of 3 m), if cooling technology is required in the building.
b) Use of renewable sources outside the system boundaries "building":

It is required that at least 80 % of the heating demand for space heating and hot water is

covered by renewable sources. The mentioned renewable sources can be:

e decentralised energy supply systems based on energy from renewable sources
(biomass, renewable gas)

e combined heat and power generation

o district heating or cooling, in particular, if they are based entirely or partly on energy from
renewable sources, district heating from high-efficiency cogeneration and/or waste heat

e heat pumps

c) Use of renewable sources on-site or nearby such that:

e Through active measures such as solar thermal energy, net final energy yields on
location or in the vicinity of at least 20% of the final energy demand for hot water without
these active measures have to be achieved;

e Through active measures, such as photovoltaics, net final energy yields at or near the
location of at least 20% of the final energy demand for household electricity or operating
current without these active measures have to be achieved;

¢ Net final energy yields at or near the site of at least 20% of the final energy demand for
space heating without these active measures have to be achieved through active
measures such as heat recovery;

e A combination of the three previous possibilities to reduce the EEB or the fcee by at least
5% through a combination of measures of solar thermal energy, photovoltaics, heat
recovery, or efficiency gains.

2.1.5.9 Photovoltaic

Both in the residential and non-residential sectors, only part of the electricity demand can be
covered by photovoltaic energy. The maximum shares depend on the application and are
summarized in Table A 12 and Table A 13 in the Appendix.

2.1.5.10 Primary Energy and CO.-Emissions

Despite the fact that Annex | of the EPBD requires to specify the total energy efficiency by the
indicator (non-renewable) primary energy as a minimum requirement, in OIB-6: 2019 only the
reference to the National Plan (2018) is provided. Hence, the primary energy indicator does
not seem to be the minimum requirement, but only appears to be an informative indicator.
Reaching nZEB proving the fulfilment of PEBnem. (as described in chap. 2.1.5.8; i.e. without
appliances or operational energy) is one of 3 options and the PEBg« is hot mentioned on the
energy certificate. Further informative indicators are PEBsk, PEBnem.sk and PEBem sk, all
evaluated with the site climate with total, non-renewable and renewable primary energy
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factors, respectively. Primary energy conversion factors are summarized in Table A 16 in the
Appendix. For electricity, the factors were reduced within the last years, which accounts for the
fact that the share of renewables in the electricity mix increased (see also below for a
discussion).

Also, the CO; emissions, which represents the total carbon dioxide emissions (including
transport and generation of energy sources) is only an informative indicator. This indicator is
calculated only for the site climate and depends on the final energy demand and the conversion
factor, according to the following equation:

CO, = EEB - fCOZeq

2.1.5.11 Primary Energy and CO. conversion factors

It has to be noted that the conversion factors given in OIB-6:2019 changed significantly
compared to the previous versions. Figure 13 shows the trend of the primary energy factors
from 2011 to 2019 according to OIB-6 for electricity (left y-axis) and the renewable energy (RE)
share in the Austrian electricity mix (right y-axis) according to own simplified calculations based
on data published by the Bundesministerium fir Nachhaltigkeit und Tourismus (2019). The
dashed line assumes that the imported electricity is based on renewables and the solid line
assumes fossil fuels.
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Figure 13: Trend of the primary energy factor fpe for electricity acc. to OIB-6 and renewable energy share in the
Austrian electricity mix over the years, acc. to own calculations based on Bundesministerium fur
Nachhaltigkeit und Tourismus (2019)

The decreasing trend of the primary energy conversion factors (both total and non-renewable)
reflects the trend of the increasing share of renewable energy in the Austrian electricity mix.
However, it is remarkable that the imported electricity has a significant influence and a more
detailed investigation of the PE conversion factors including the influence of seasonal effects
is recommended.

It is furthermore noteworthy that the Austrian non-RE PE conversion factor for electricity of
1.02 is very low compared to the European electricity mix with a non-renewable conversion
factor of 2.3 according to EN 1SO 52000-1:2018.

2.1.6 Cost-optimal methodology

The calculation of cost-optimality as required by the EU 2010/31/EU (EC, 2012) in order to
define nZEBs 2020 was carried out by OIB in March 2013 (OIB 2014) and updated in 2018
(OIB, 2018). OIB concludes that the results from 2013 were confirmed by the update from
2018. To calculate cost-optimality, virtual buildings were chosen, which represented four
different building categories. The cost-optimality methodology included the calculation of 4
parameters:

e space heating demand [KWh/(m?yr)]
e primary energy demand [kWh/(m?yr)]
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e CO- emissions [kg/(m?yr)] (according to the conversion factors in the OIB Guidelines)
¢ total energy efficiency factor (feee) []

The calculation of the cost-optimality consisted of a comparison between the value of the
energy savings achieved using the different improvement packages and the costs that are
directly and indirectly related to those energy efficiency measures alone. Based on the
outcomes of the cost-optimality methodology, the requirements for achieving nZEB levels —
both for residential and non-residential buildings — were defined (based on life cycle cost
analysis). The detailed description of the parameters and boundary conditions can be found in
OIB (2014) and OIB (2018). As can be seen from Figure 14 for the example of residential
buildings, the cost-optimal solution depends on the type of building and technology (here, only
so-called “alternative” technologies are presented).

One curve always represents different envelope qualities (expressed in the so-called HWB-
Lines from 8-Line to 26-Line). Depending on the type of building and HVAC technology,
different envelope qualities are cost-optimal. Cost-optimal is e.g. the combination of a
moderate envelope with highly efficient systems or a better envelope with a moderately
efficient system. (Remark: The variants with very low primary energy demand are these with
biomass with a conversion factor of fee non-re = 0.1 and are not considered further here, as the
application of biomass for heating of buildings is very limited).
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Figure 14: Result of the cost-optimality study from 2018 (source OIB) — non-renewable primary energy
without appliances for new residential buildings (conversion factor for electricity was fpg non-
re = 1.32 for the time the report was published); an example of a residential building with
“alternative” technologies

The OIB concluded that the 10-Line is cost-optimal. It is remarkable that in combination with

heat pumps, the 16-Line is not cost-optimal. It can be seen, too, that the limit of 41 kWh/(m?yr)

was chosen such that with very few exceptions none of the so-called alternative technologies
are excluded. In other words, the limit of 41 kWh/(m? yr) is not a limit.

2.1.7 Residential buildings

The nZEB requirements that have to be fulfilled for residential buildings are shown in Table 5
for the “EEB path” and the “feee path” according to OIB-6:2019, National Plan (2018).

Table 5: nZEB requirements for residential building according to the “EEB path” (OIB-6:2019) and to
the “foee path” (OIB-6:2019)

New building EEB path New building feee path
HWBRef Rk zul in [KWh/m?2a] 10 x (1 +3.0/L) 16 x (1 +3.0/L)
EEBRk,zu in [KWh/mZ2a] EEBwa,RK,zul
feeERK,zul [-] 0.75
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For a single family house with a characteristic length of 1.4 m, the maximum allowed heating
demand is ca. 50 kWh/(m2yr) for the “fcee path” and around 30 kWh/(m?2yr) for the “EEB path”.

Table 6: Default values for DHW demand: comparison between OIB-6:2019 and OIB-6:2015

OIB-6:2019 0OIB-6:2015

1-2 units 2 3 units Single and multi family house
WWWB [KWh/(m?1a yr)] 7.665 10.220 12.775
HHSB [kKWh/(m?1a yr)] 13.890 22.776 16.425

To show the impact of the variation of the default values for DHW demand, appliances and the
primary energy conversion factor fre between OIB (OIB-6:2015 and OIB-6:2019) on the
primary energy demand, the results of a simplified calculation for a single-family house (SFH)
are reported in Table 7. An SFH with 140 m? of treated area and air-source heat pump (with
seasonal performance factor SPF=2.5 (including auxiliary energies) is considered for this
calculation. The heating demand (HD) is set to the maximum allowed value according to the
“feee path”. The total primary energy (PE) as for the National Plan 2014 and the non-renewable
primary energy (PEnonen) as for the National Plan 2018 are compared. The final energy
demand according to OIB-6:2019 is 11% lower than the value according to OIB-6:2015 due to
the decrease of the default values (DHW and appliances). The non-renewable primary energy
for electricity is further reduced because of the lower primary energy conversion factor (1.02
instead of 1.32).

Table 7: Simplified evaluation of primary energy of an SFH. (MFH in blue) Comparison between values
according to OIB-6:2015 and OIB-6:2019 (default values are underlined). Maximum values of
PEB according to National Plan 2014 and National Plan 2018

OIB-6:2015 OIB-6:2019

fc [m] 1.4 (2.4) 1.4 (2.4)
HD [kWh/(m? a)] 50.3 (36.0) 50.3 (36.0)
DHW [kWh/(m? a)] 12.8 (12.8) 7.7 (10.2)
HD + DHW [kWh/(m2 a)] 63.1 (48.8) 58.0 (46.2)
SPF (including auxiliaries) [-] 2.5(2.0) 2.5(2.0)
Electricity (HD + DHW) [kWh/(mz a)] 25.2 (24.4) 23.2(23.1)
Appliances [kWh/(mz a)] 16.4 (16.4) 13.9 (22.8)
Final energy demand [kWh/(mz a)] 41.6 (35.9) 37.1 (45.9)
for tot non-ren. non-ren.

[-] 1.91(1.91) | 1.32(1.32) | 1.02 (1.02)
PEtot [kWh/(mz a)] 79.6 (78.0)
PEnon-ren. including appliances [kWh/(m? a)] 55.0 (53.9) | 37.8 (46.8)
PEnon-ren. €xcluding appliances | [kWh/(m? a)] 33.3(32.2) | 23.6 (23.6)
(Natonal Pian 2014) [Whimea)] | 160 (160) :

1 *

(National Pian 2018) | KWH/e 2) (ay |4
* interim state for 2018: OIB-6:2015 and National Plan 2018

As a consequence, the PEB requirement in 2019 is fulfilled easier compared to the limit that
applied in 2018 (when OIB-6:2015 and National Plan 2018 were into force). A similar analysis
is conducted for a multi-family house with a characteristic length of 2.4 m. The heating system
consists of an air-source heat pump (with SPF = 2.0 with higher distribution losses and again
including auxiliary energies). The results are shown in the following Table 7.

A multi-family house with an envelope fulfilling the feee requirement equipped with a moderately
efficient air-to-water heat pump fulfils the PE requirement without the necessity of applying
further efficiency measures such as MVHR or renewables such as ST or PV.

A case study for both residential single and multi-family buildings and for office buildings is
given in the Appendix A.1 and A.2.
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2.1.8 Office building

The nZEB requirements for the non-residential sector are shown in Table 8.
Table 8: nZEB requirements for office buildings according to “EEB path” and feee path (O1B-6:2019)

New building EEB path New building fcee path
HWBget.rk.zu In [KWhH/(m2 yr)] 10 x (1 + 3.0/ {c) 16 x (1 + 3.0/ fc)
EEBRk,zu iN [kWh/(m2 yr)] EEBnwG,RK,zul
feeerkzul [-] 0.75
KB*rizul in [KWh/(m2 yr)] 1.0 1.0

In general, the requirements are the same as those for the residential buildings (compare Table
5). However, for office buildings HWBRgesrk -ul iS related to a room height of 3 m. For buildings
with different room heights, the limit can be adjusted accordingly, i.e. the allowed limit is higher
for buildings with higher rooms.

Table 9: Default values of domestic hot water demand, operational power and lighting in the non-
residential sector: comparison between OIB-6:2019 and OIB-6:2015

OIB-6:2019 OIB-6:2015
WWWB / BelEB / BSB [kWh/(m?ra yr)] | 2.42/ 25.76 / 16.96 4.71132.2124.64

Also, if a cooling system is present, the KB* (externally induced cooling load) requirement has
to be met. The default values of WWWAB, BelEB and BSB for the non-residential sector are
shown in Table 9. As example, an office building with air-to-water heat pump (SPF=2.0, taking
into account electric DHW and auxiliary energy) is considered to investigate the influence of
the boundary conditions and parameters on the PEB. Table 10 compares the results of a
simplified evaluation. Similar conclusions to the residential sector can be drawn. The final
energy demand according to OIB-6:2019 is 21% lower than the value according to OIB-6:2015
due to the decrease of the default values (DHW, operational power and lighting). The non-
renewable primary energy for electricity is further reduced because of the lower primary energy
conversion factor. As a consequence, again the PEB requirements can be achieved with less
effort in 2019 compared to the limit valid in 2018 (when OIB-6:2015 and National Plan 2018
were into force)

Table 10: Simplified evaluation of PEB of an office building. Comparison between values according to
OIB-6:2015 and OIB-6:2019 (default values are underlined). Maximum values of PEB
according to National Plan 2014 and National Plan 2018

OIB-6:2015 OIB-6:2019
£e [m] 2.27 2.27
HD [KWh/(m2yr)] | 37.1 37.1
DHW [KWh/(m2yn)] | 4.7 2.4
HD + DHW [KWh/(m2yn)] | 41.9 39.6
SPF (including auxiliaries) [-] 2.0 2.0
Electricity (HD + DHW) [KWh/(m2yr)] | 20.9 19.8
Operational power [KWh/(m2yr)] | 24.6 17.0
Lighting [KWh/(m2yr)] | 32.2 25.8
Final energy demand [KWh/(m2yr)] | 77.9 62.5

tot non-ren. | non-ren.
fre

[-] 191 |1.32 1.02

PEtot [KWh/(m2 yr)] | 148.7
PEnon-ren. including operating electricity demand [KWh/(m? yr)] 102.8 63.8
PEnon-ren. €xcluding operating electricity demand [KWh/(m?2 yr)] 70.3 46.5
PE incl. operating el demand (National Plan 2014) [KWh/(m2yr)] | 170 -
§|Eanr:nér(6ninéa)x excl. operating el. demand (National [KWh/(m2 yr)] (84)* 84
* interim state for 2018: OIB-6:2015 and National Plan 2018
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2.2 German nZEB definition - Energy Saving Regulation EnEV 2014/2016

The Energy Saving Regulation (EnEV) presents one of the most fundamental tools of the
federal government’s energy and climate policy. It defines requirements and implementation
tools for residential, non-residential buildings and refurbishments.
The EnEV uses a reference-building-system, which is based on the calculation model defined
in DIN V 18599. It adduces a fictitious reference construction which corresponds to the planned
building. It differentiates between residential and non-residential buildings and includes the
energy demand in both for heating, hot water, ventilation and auxiliary energy. In non-
residential buildings lighting and cooling is additionally examined.
The illustration in Figure 15 describes the holistic calculation method to define the energy
balance as well as the CO,-emissions and environmental impact of buildings by the primary
energy demand (EnEV, 2007). The calculation method is in line with other CEN standards from
the Mandate M/343 (Schettler-Kéhler, 2015).
Since 2009, the EnEV takes the generation of electrical power, produced by renewable
energies, into consideration and grants credits on the presumption that surpluses are fed into
the public grid. (EEWarmeG, 2009)
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Figure 15: Outline and calculation scheme of DIN V 18599 (based on Schettler, 2008)

Requirements for residential and non-residential buildings are not defined by specific values,
but as mentioned earlier by comparing the building with its corresponding reference building.
The reference building is comparable to the individual building in terms of geometry, size,
orientation and use, but defined with standardized components and technical systems as well
as a specified building envelope. Therefore, the energy performance has to be calculated
twice: once for the specifications of the reference building and once taking the real construction
features and system performance into account. When compared the maximum primary energy
demand of the building must not exceed the primary energy demand of the reference building.

2.2.1 Residential buildings

For residential buildings a choice between two different methods are given by the EnEV to
calculate the two buildings (DIN V 4108-6 combined with DIN V 4701-10 or the DIN V 18599).
Both calculation methods are steady-state calculation models and in principle in accordance
with European and ISO standards.

The regulation reflects thermal bridges by providing two different default levels or by including
a detailed calculation into the performance.
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Permeability of the building envelope is also examined, through two different standardized

procedures. One is the on-site air tightness inspection by means of a Blower-Door-Test and

the other is simply an off-site simulation.

Furthermore, new residential buildings must meet several additional specifications: (Schettler-

Kdhler, 2015)

¢ Requirements which set up a threshold for the specific heat transfer coefficient U-Value
(Figure 16 left) (EN ISO 13789 and EN ISO 13370) and the specific heat transfer loss H'r
(Table 11) to define a suitable thermal quality, even in the case of very low primary energy
factors

¢ Additional requirements for technical buildings systems (heating, domestic hot water
(DHW), ventilation, air-conditioning)

e Requirements for summer comfort regulations to avoid any energy consumption for cooling
purposes.

— Roof U = 0,20 W/(m2K)
Roof U = 0,20 W/(m2K) p— Basement wall U =0,28 W/(m2K)
Basement wall U =0,35 W/(m2K) < Basement ceiling U =0,35W/(m2K)
External wall U = 0,28 W/(m2K) (Basement unheated)U = 0,35 W/(m2K)
External door U = 1,80 W/(m2K) Windows U =1,30 W/(m2K)
Windows U = 1,30 W/(m2K) g=06
g=06 HVAC

Floor/ Basement roof U= 0,35 W/(m?K) (Reference according to implemented
system)

Thermal solar plant

(In case of high DHW demand)
Lighting direct/indirect

Presence sensor

Constant lighting regulation
Condensing boiler 55/45 °C

Thermal solar plant (DHW)
Central ventilation unit
Condensing boiler 55/45 °C

Figure 16: Residential Reference building of the EnEV 2014 / 2016 (left) and non-residential reference building
(Troom = 19°C) EnEV 2014 / 2016 (right)

Table 11:Maximum heat transfer losses according to residential building type, EnEV 2014/2016
(Appendix 1, Table 2)

Part Building type Maximum value of specific heat
transfer loss

- with An< 350 m2 H'r= 0.40 W/(m2K)

1 D h I
etached building with An> 350 m? H'r= 0.50 W/(m?K)
2 Semi-detached building H't= 0.45 W/(m?-K)
All other buildings H't= 0.65 W/(m?-K)
Extensions and upgrades according to § 9 Absatz 5 H't= 0.65 W/(m2-K)

2.2.2 Non-residential building

Non-residential buildings comply with most of the same regulations defined for residential
buildings. The EnEV implies that these buildings are kept at an average temperature of more
than 19 °C, but also differentiates between those that kept at a temperature higher than 12 °C
and those below 12 °C (EnEV 2014/16, 2013).

The minimum requirements of the building envelope differ from those of residential buildings
and are described in two models. These are also defined by a reference building, illustrated in
Figure 16 right and additionally by a maximum average heat transfer coefficient (U-value) of
categorized building parts listed in Table 12.

Furthermore, it takes into account specifications for artificial lighting, cooling and ventilation,
which a significant number of such buildings are equipped with. The mandatory calculation
method, using the non-residential reference building is detailed by DIN V 18599. The method
foresees zoning of the building, according to different use patterns. This means the zoning of
the reference building has to correlate with the zoning of the real building matching the
conditions of use. The most typical user behaviours are considered in this model and reflect
accepted comfort needs. Therefore, the description of the non-residential reference building is
more detailed.
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Table 12: Maximum average heat transfer coefficient of the reference building according to building
parts for non-residential buildings, EnEV 2014/2016

Part Building Part Maximum value of the average heat
1 Opaque exterior components U = 0.28 W/(m2K)
2 Transparent exterior components U = 1.50 W/(m2K)
3 Curtain walls U = 1.50W/(m2K)
4 Glass roofs, light tapes, light couplings U = 2.50 W/(m2K)

For individual user patterns, definitions for creating a customized set of conditions are also
included in the standard. In order to simplify the effort of repeated calculations, the EnEV allows
a relaxed approach for a number of frequently constructed building types, e.g., office buildings,
standard retail buildings and schools (Schettler-Kéhler, 2015, EnEV 2014/16, 2013).

2.2.3 Retrofitting of existing buildings

There are two different types of regulations regarding existing buildings. Some are conditional
requirements and only apply to major renovations, while others are mandatory and may also
apply to buildings undergoing minor changes.

Conditional requirements must be met in defined cases. Either for first-time installations of
systems or for certain retrofitting measures applied to more than 10% of a building component
(Figure 17). It therefore has to meet EnEV standards, but is allowed to exceed them by 40%.
Common measures according to conditional requirements are e.g. the replacement of roof
tiles, new layers of plaster or sheathings on outer walls as well as the replacement of windows
or glazing.

Component requirements can also be achieved by fulfilling a certain whole building require-
ment, which optimizes the overall energy performance. Certain exceptions are made for
owners and occupants of small residential buildings (Schettler-Koéhler, 2015, EnEV 2014/16,

2013).
i Glazing U=1,10W/mK)
\/ Exterior wall U= 0,24 W/(m2)
. Exterior doors U=1,80 W/(mK)
Windows, Windows doors U=1,30 W/(mK)
Curtain walls U=150W/(mk) 1 Final energy consumption of a building

|
- |
!

Vi

@R |G 0 | € | PG

Figure 17: Maximum heat transfer coefficient values for single parts in existing buildings, EnEV 2014/16
(left) and final energy and specific primary energy classes for buildings acc. to energy
performance certificate (EPC) (right)

2.2.4 Primary energy demand and CO,-Emission

The EnEV’s leading goal is to reduce energy consumption and consequently carbon
emissions. To create a comparable measure the primary energy demand based on the
reference buildings is calculated. It takes into account the different energy sources and their
properties, such as losses during their extraction, their processing, their transport and storage.
Depending on the type of building, heating, domestic hot water, ventilation and auxiliary energy
as well as cooling and lighting have to be included in the final energy demand calculation
measured per square meter. This can then be graded in different categories ranging from A+
to H and is presented in an energy performance certificate (EPC) (Figure 17 right). The
structure of an EPC has been simplified and self-explanatory icons are used to meet the
interests of the general public. Technical language is almost entirely avoided and only placed
at the end of an EPC. Furthermore, terms like the European nZEB have been replaced by
more recognizable terms to the German public like “Effizienzhaus Plus”.
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Opposite the final energy consumption on the EPC the primary energy demand is given and is
calculated by multiplying the final energy consumption with factors according to their source
(Figure 18), which are provided by the EnEV or by the standards DIN V 18599-1 and DIN 4701-
10/Al1. They are defined by the government to evaluate and compare efficiency and CO.-
Emissions of buildings, although these do not directly correspond to the actual emissions and
may present buildings with a lesser environmental impact than in reality.
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Figure 18: Primary energy factors (non-renewable) and CO2z-emissions (EnEV 2016 and Gemis 4.95)

2.3 Implementation ZEB in Norway

A definition of Zero Emission Buildings (ZEB) has been developed at the Norwegian Research
Centre for ZEB (Fufa, Schlanbusch et al. 2016). Instead of primary energy, the balance is
measured in terms of greenhouse gas emissions (CO.-eq.), still compensated by on-site
renewable energy generation.

weighted supply
[kWh, CO,, etc.]

A s

weighted supply
/
exceeds the demand 7

weighted demand
7 exceeds the supply

7 reference

7 building iohted d 1
weignied aemand
o> _ =

[KWh, CO,, ctc.]

—
efficiency path

Figure 19: Graph representing the path towards a Net Zero Energy Building (Net ZEB), with the nearly and plus
variants. (Sartori, Napolitano et al. 2012)

The balance of emissions is characterised based on the ambition levels (Dokka 2013) and
(Kristjansdottir 2014) from ZEB O+EQ to ZEB COMPLETE, where the latter is the most

ambitious level.
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Figure 20 illustrates how the different levels consider different emission items based on these
criteria. Emissions related to Operational energy use is referred to with the letter "O". The term
"+EQ" suggests that emissions from technical EQuipment are not included. Embodied
emissions associated with building Materials are denoted "M". Further, emissions associated
with Construction and installation are referred to as "C", while embodied emissions at the End
of life phase for the building are denoted "E". According to Fufa, Schlanbusch et al. (2016), the
six ZEB levels are defined based on different boundaries for balance as:

1. ZEB-O+EQ — Net emissions related to all energy use except the energy use for equipment
(appliances) shall be zero. Energy use for equipment is often regarded as the most user
dependent, and difficult to design for low-energy use.

2. ZEB-O — Net emissions related to all Operational energy use shall be zero, also including
energy use for equipment.

3. ZEB-OM — Net emissions related to all Operational energy use plus all embodied emission
from Materials and installations shall be zero.

4. ZEB-COM — Same as ZEB-OM, but also including emissions related to the Construction
process of the building.

5. ZEB-COME - Same definition as ZEB-COM but also including the emissions related to the
end of life phase "E". The end of life phase includes deconstruction/demolition, transport, waste
processing and disposal. The end of life of processes of replaced materials are to be
considered.

6. ZEB-COMPLETE — Emissions related to a complete lifecycle emission analysis must be
compensated for. The reuse, recovery and recycling can also be included.

ZEB-COME
(A1-A5,B4,86,C1-C4)

ZEB-COM
(A1-A5,B4%** B6)

ZEB-OM
(A1-A3,B4** B6)

kg €O, /m*

ZEB-O
(B6)
ZEB-OEQ
(B6*)

[

Hl Construction process

Hl Embodied material emissions
I Energy use equipment

Il Energy use excluding equipment

Figure 20: lllustration of five of the six ambition levels for Zero Emission Buildings (ZEB). (Fufa, Schlanbusch et al.
2016)

All the energy calculations to evaluate energy balances are to be done based using the
Norwegian standard NS 3031. The net-ZEB energy balance is calculated over a year, using
"normalized" climate data (Oslo climate). Assessment of environmental performance for all
ZEB levels are calculated according to NS-EN 15978:2011.

2.3.1 Operational Energy and Emission Calculation Procedure

The operational energy use must be calculated according to the Norwegian standard NS
3031:2014 using dynamic simulations validated according to NS-EN 15265:2007.
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The calculation of usable area is done according to NS 3940:2012. The standards NS
3031:2014, NS 3700:2013 and NS 3701:2012 give the requirements regarding set point
temperatures, hours of use, levels of thermal losses, ventilation, etc.

If one building is so innovative that the solution is not covered by these three standards, the
operational energy use must be calculated based on scientifically accepted methods and
references should be given. For instance, SN-NSPEK 3031:2020 (previously SN/TS
3031:2016) is a supplement to NS 3031:2014 with a more detailed modelling of the technical
installations and can therefore be used for documentation regarding nZEB and plus-houses.
The greenhouse gas emissions from operational energy has to be calculated according to
delivered and exported energy using symmetric CO,-eq. conversions factors for each energy
carrier. The ZEB centre has developed CO.-eq factor for most energy carriers.

Table 13: Typical performance required for the building envelope of a ZEB (Dokka et al., 2012)

Technical Solution

External walls U=0,12W/m2K | Timber frame wall with 350 mm insulation.

U =0,09 Wim2K
U=0,11WmK

External roof Compact roof with approximately 450 mm insulation.

Floor against cellar® Floor construction with 350 mm insulation, facing unheated basement.

Windows U=0,75W/m2K | Three layer low energy windows, with insulated frame.

Doors U=0,75W/m?K | Passive house door solutions.

Normalized thermal | @’ =003 Detailed thermal bridge design

bridge value Wim2K

Air tightness N50 <03 Continuous vapour and wind barrier, good quality assurance in craft-

ach@?50 Pa manship and pressure testing of the building in two stages (when the

wind barrier is mounted and when the building is finished).

Heat loss factor 0,78
cellar

Taking into account the increased thermal resistance of the unheated
basement

The annual energy use of the proposed building is first calculated for the considered climate
zone and then for the “standard” climate zone. The results for the standard climate zone must
fulfil the required energy frame. The current energy frames are specified for single-family hou-
ses, multi-family houses and eleven types of non-residential buildings.

Regarding thermal performance of the building envelope, Table 13 shows the typical require-
ments for a possible NZEB so that a zero-emission balance can be achieved. The last column
shows examples of construction type enabling achieving the U-values described. These values
are not standardized, but only a proposal of maximum value to make it possible to reach a
ZEB balance.

Table 14: Typical performance for HVAC installations in ZEB (Dokka et al., 2012)

Values Technical solution
Heat recovery n =290 % Rotary wheel heat exchanger. No moisture recovery
is assumed and the efficiency refers to heat recovery
and not total recovery
Specific fan power SFP=1.0 Low pressure air handling unit (AHU) and low pres-
kW/(m3/s) sure ducting system.

Installed cooling capacity

Q"cool = 10 W/im?

Low installed capacity, so it can be run as free cooling
(just circulation pumps) based on boreholes in bed-
rock (vertical system).

Installed heating capacity,
alternative 1

Q"heat = 30 W/m?

Installed capacity to preheat supply air, so no room
heating is needed.

Installed heating capacity,
alternative 2

Q"heat = 15 W/m?

Installed capacity for hydronic radiators.

As for the HVAC system, requirements for the HYAC components in ZEB are shown in Table
14. Again, these values are not standardized, but minimum requirements to make it possible
to achieve a zero balance.

37/106



The restrictions, for example for the heat recovery, are enhanced, but still no requirements
regarding latent recovery are introduced (conversely to USA or Canada where one should
always talk about total heat recovery).

2.4 Swedish definition of nZEB

e On the 1" of September 2020, the Swedish Planning and Building Ordinance has been
amended in the part concerning the calculation of a building's energy performance. At the
same time, new building regulations from the National Board of Housing, Building and
Planning (Boverket) that are adapted to the change enter into force. The change will create
a better balance between the different types of energy supply to buildings and is the final
step in the introduction of nearly zero energy buildings in Sweden according to the EPBD
recast of 2010 (current version EPBD, 2018).

¢ The amended regulation (BBR 29) means that weighting factors replace primary energy
factors when a building's energy performance is calculated. A primary energy number will
continue to be an expression of a building's energy performance, but the transition to
weighting factors highlights that the way of determining the conversion factors is new.

¢ In the following the final Swedish definition of a nearly Zero Energy Building (nZEB) is
presented. It is taken directly from the EU notification of the new building regulations made
in January 2020 and shall, subject to shortcomings in the translation, be identical to the
Swedish version published by Boverket on the 1% of July 2020. Changes regarding the
previous regulation is marked with a vertical line on the left.

2.4.1 Definitions

At Total surface area of windows, doors, front doors and the like (m?), calculated using
external frame measurements.

Atemp The area of all storeys, including attic and basement levels, for temperature-
controlled spaces intended to be heated to more than 10 °C, which is enclosed by
the inside of the building envelope. The area occupied by interior walls, openings
for stairs, shafts and the like is included. The area of garages, within residential
buildings or in building premises other than garages is not included.

Building’s The energy that, in normal use during a normal year, needs to be supplied to a

energy use, building (this is generally called purchased energy) for heating (Eupp), comfort

Epea cooling (Exy), hot tap water (Ewv) and the building’s property energy (Ey).

If underfloor heating, towel dryers or other devices for heating are installed, their
energy use is also included. Energy from the sun, wind, ground, air or water that is
produced in the building or on its site and is used for the building’s heating, comfort
cooling, hot water and property energy is not included in the building’s energy use.
Ebea = Euppv + Ekyt + Etw + Et

Euppv Energy for heating [kKWh/yr]

= Energy for comfort cooling [kKWh/yr]

Etw Energy for hot tap water [KWh/yr]

Es Property energy [KWh/yr]

Fgeo Geographical adjustment factor [-]

Property That part of the building’s energy use that is related to the building’s needs where

energy of the energy-consuming device is within, below or affixed onto the exterior of the

building Es building. Property energy includes fixed lighting in public spaces or operating
spaces. Energy used in heating cables, pumps, fans, engines, control and
monitoring equipment and the like is also included. External locally placed devices
that supply the building, such as pumps and fans for free cooling, are also included.
Devices intended for other use than by the building, such as engine and cab heaters
for vehicles, battery chargers for external users, and lighting in gardens and
walkways, are not included. Property electricity refers to that part of the property
energy that is electricity-based.

Primary The value that describes the building’s energy performance expressed as a primary

energy

energy number. The primary energy number is comprised of the building’s energy
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use, where energy for heating has been corrected by a geographical adjustment
factor (Fgeo), multiplied by a weighting factor for energy carrier and distributed at
Awemp (KWh/m?2/yr). The primary energy factor (EPpe) is calculated by the formula
below

E_ .
i (% + Exyri + Epovi + Ef,i) X VF;
‘geo

EPpe =

Atemp

Weighting factor per energy carrier

The temperature, for a representative geographical location, that results from the
1-day value in ‘n-day mean air temperature’ according to SS-EN 1SO 15927-5. The
temperature may be increased, if the building’s time constant exceeds 24 hours.
The increase is shown by the standard’s reported temperatures for 2, 3 or 4 days.
The building’s time constant, measured in days, is used for the selection of the
corresponding table value (n-day). Temperature increase depending on a time
constant higher than 96 hours can be determined through special investigation.

The amount of cooling or energy supplied to the building that is used to reduce the
building’s indoor temperature for human comfort. Cooling energy that is taken
directly from the surroundings without a cooling appliance, e.g. from sea or lake
water, outdoor air or the like (so-called free cooling) is not included.

Average heat transfer coefficient for building components and thermal bridges
[W/(m2K)] determined in accordance with SS-EN I1SO 13789 (2017) and SS 24230
(2) and calculated in accordance with the formula below,

P Ui + 2 bW + 201 X

j=1“J
Up = !
Aom

Heat transfer coefficient for building component i [W/(m2K)].

The area of the building component i’'s surface against heated parts of dwellings or
premises. For windows, doors, front doors and the like, Ai is calculated with the
outer frame dimension. The building’s entire indoor height is used in the
calculations, i.e. from the upper edge of the floor over crawl space to the lower edge
of the attic joist floor.

The heat transfer coefficient for the linear thermal bridge k [W/(mK)].
The length of the linear thermal bridge k [m].
The heat transfer coefficient for the point thermal bridge j [W/K].

Total area of the enclosing building components’ surfaces against heated parts of
dwellings or premises. Enclosing building components means building components
that border on heated parts of dwellings or premises towards the outside, towards
the ground or towards partially heated spaces.

Technical equipment for heating, comfort cooling, ventilation, hot tap water, fitted
lighting, property automation and the regulation of this, electricity generation within
the building or on its site and the regulation of this, or a combination thereof,
including systems that use energy from renewable sources.

The electricity or other energy used for household purposes. Examples are the
electricity used for dishwashers, washing machines, dryers (including those in a
shared laundry room), stoves, refrigerators, freezers and other household
appliances as well as lighting, computers, TVs and other home electronics and the
like.

The temperature that is intended to be maintained indoors when the building is in
use.

The total electric input power that, as a maximum, can be used by the electrical
appliances for heating needed to maintain intended indoor climate, hot tap water
production and ventilation when the building’s maximum heat demand is present.
The maximum power need can be calculated at DVUT and hot tap water use
corresponding to at least 0.5 kW per dwelling, unless higher load cases are known
at the project planning stage.
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Normal year The average outdoor climate (e.g. temperature) over a longer time period (e.g.
30 years).

Normal year Correction of the building’s measured climate-dependent energy use, based on the

correction difference between the climate at a location during a normal year and the actual
climate during the period for which the building’s energy use is verified.

Weighting Factor for each energy carrier that is multiplied by the energy that is supplied to a

factor, VF; building when calculating the building’s primary energy number.

Specific fan ~ The total electric input for all fans in the ventilation system divided by the greater of

power (SFP) the supply air flow rate or the extract air flow rate, [kW/(m?/s)].

Activity The electricity or other energy used for activities in the premises. Examples of this

energy are process energy, lighting, computers, copying machines, TV, refrigerated/frozen
food displays/counters, appliances and other devices for the activities, as well as
ovens, refrigerators, freezers, washing machines, dryers, other household
appliances and the like.

2.4.2 Dwellings and premises?

Residences and premises should be designed so that

e the primary energy number (EPper),

¢ the installed electrical input for heating,

o the average air leakage of the building envelope, and

o the average thermal transmittance coefficient (Un) for those building components that
enclose the building (Aom),

do not exceed the values indicated in Table 15. When determining the building’s primary

energy number, account shall be taken of the weighting factors according to Table 16 and the

geographical location according to the Table A 18 in Appendix A.3.

A higher primary energy number and higher electric input than those stated in Table 15 can be

accepted

o for premises intended for activity of a temporary nature, or

e in other cases where special circumstances are in place

General recommendations
As a general rule, activity of a temporary nature means activity that is under way for 2 years or less.
Special circumstances means, for example, when alternatives to electricity for heating and hot tap
water are not available and a heat pump cannot be used. How much the highest permitted primary
energy number and electric input need to be exceeded as a result of the special circumstances
should be shown in a special investigation.

If a building is supplied with heat or cooling energy from another nearby building or device, the
type of energy or cooling method for the recipient building is considered to be the same as that
of the supplier building, provided that the buildings are on the same property or have the same
owner. The same applies to properties within the same building in the case of a three-dimen-
sional cadastral survey.

For buildings that contain both dwellings and premises, the requirements regarding average
heat transfer coefficient (Um), primary energy number (EPpe) and installed electric input for
heating are weighted in proportion to the floor area (Awemp).

General recommendations
Handling of energy from the sun, wind, ground, air or water is regulated in the Swedish National
Board of Housing, Planning and Building’s mandatory provisions and general recommendations
(2016:12) regarding determination of the building’s energy use in the case of normal use and in a
normal year, BEN.

1| atest wording BFS 2018:4. This amendment means that the fourth paragraph is repealed.
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Table 15:Maximum permitted energy number, installed electric input for heating, average heat transfer coefficient
and average air leakage rate, for single-family houses, multi-dwelling blocks and premises.

Atemp

requirement

Energy performance |Installed Average heat Building envelope’s
expressed as primary |electric input |transfer coefficient |average air leakage rate
energy number (EPpet) [for heating (Um) at 50 Pa pressure
[kWh/m?2atemp/yr] [kwW] [W/(m? K)] difference [l/(s m?)]
Dwellings
Single-family houses | 90
> 130 m? Atemp
Single-family houses | 95 45+ 1.7 x . .
> 90-130 M? Atemp (Fgeo— 1)V 0.30 As per Section 9:26
Single-family houses | 100
> 50-90 m? Atemp
Single-family houses | No requirement No 0.33 0.6
<50 m? Atemp requirement
Multi-dwelling blocks | 754 45+1.7 x 0.40 As per Section 9:26
(Fgeo— 1)V
Premises
Premises 702 45+1.7 x 0.50 As per Section 9:26
(Fgeo— 1)9:9
Premises < 50 m? No requirement No 0.33 0.6

D Addition may be made by (0.025 + 0.02 x (Fgeo -1)) * (Atemp—

130) where Awemp is greater than 130 m2. If the

geographical adjustment factor Fgeo is less than 1.0, it is set at 1.0 when calculating the installed electrical power.
2 Addition may be made by 40 X (Qmeder — 0.35) where the outdoor air flow in temperature-regulated spaces, for
reasons of increased hygiene, is greater than 0.35 I/s per m?, where gmedel iS the average specific outdoor air flow
during the heating season and may as a maximum be included up to 1.00 I/s per m2.
3  Addition may be made by (0.022 + 0.02 x (Fgeo -1))  (q — 0.35)Awemp Where the outdoor air flow, for reasons of
continuous hygiene, is greater than 0.35 I/s per m? in temperature-regulated spaces, where q is the maximum
specific outdoor air flow at DVUT.
If the geographical adjustment factor Fgeo is less than 1.0, it is set at 1.0 when calculating the installed electrical power.
Addition may be made by 40 X (Qmedel — 0.35) in multi-dwelling blocks where Aemp is 50 m? or greater and that
predominantly (> 50% Aemp) CONtain apartments with a living area of no more than 35 m? each and gmedel the outdoor
air flow in temperature-regulated spaces exceeds 0.35 I/s per m?. The addition can only be used due to
requirements for ventilation in special spaces, such as bathrooms, toilets and kitchens and may at maximum be
included up to 0.6 I/s per m2.
9  Addition may be made by (0.022 + 0.02 x (Fgeo -1)) % (q — 0.35)Asemp in multi-dwelling blocks Awemp is 50 m? or greater
and that predominantly (> 50 % Amp) CONtain apartments with a living area of no more than 35 m? each. The
addition can only be used when the maximum outdoor air flow at DVUT in temperature-regulated spaces q exceeds
0.35 I/s per m? due to requirements for ventilation in special spaces, such as bathrooms, toilets and kitchens. If the
geographical adjustment factor Fgeo is less than 1.0, it is set at 1.0 when calculating the installed electrical input.

Table 16: Weighting factors

Energy carrier

Weighting factor (VF;)

Electricity (VFe) 1.8
District heating (VFyv) 0.7
District cooling (VFi) 0.6
Solid, liquid and gaseous biofuel (VFbio) 0.6
Fossil oil (VFoija) 1.8
Fossil gas (VFgas) 1.8

2.4.3 Heating and cooling installations?

Heating and cooling installations in buildings shall be designed so as to provide good thermal
efficiency during normal operation.

2 | atest wording BFS 2017:5. The amendment means that the second paragraph in the general recommendations is repealed.
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General recommendations
The installations should be designed so that their adjustment, testing, controls, supervision, servicing
and replacement are facilitated and a good thermal efficiency can be maintained.
Heating and cooling installations, as well as hot tap water heating systems, should be designed and
insulated so that energy loss is limited.
Air conditioning installations should be designed, insulated and have sufficient air tightness so that
energy loss is limited.
The need for cooling should be minimised by appropriate construction and installation
technology measures.

General recommendations

In order to decrease the demand for cooling in the building, measures such as the selection of
window size, window placement, solar screens, solar protective glass, electrically efficient lighting
and equipment to reduce internal heat loads, night cooling and accumulation of cold in the building
structure should be considered.

2.4.4 Efficient use of electricity

Technical building systems that require electrical energy, such as ventilation, permanently
installed lighting, electrical heaters, circulation pumps and motors, shall be designed so that
the power requirement is limited and energy is used efficiently.

General recommendations

Table 17:The efficiency of the ventilation system should, given designed air flow, not exceed the
following values for specific fan effect (SFP)

SFP, kW/(m?3/s)
Extract and supply air with heat recovery: 15
Extract and supply air without heat recovery: 1.1
Extract and supply air with heat recovery and cooling: 1.6
Extract air with heat recovery: 0.75
Extract air: 0.5

For ventilation systems with variable air flows, an air flow rate of less than 0.2 m3/s or a running time of
less than 800 hours per year, higher SFP-values may be acceptable.

Fixed installed fittings in kitchens and bathrooms should be equipped with efficient lighting sources.
Fittings for outdoor lighting should be equipped with efficient lighting sources, reflectors and optics, as
well as being controlled by twilight switches, movement detectors or the like. Fixed installed fittings for
the lighting of premises should be equipped with proximity or daylight detectors when appropriate.
Electric towel dryers and comfort floor heaters should be equipped with timers or other control systems.

Circulation pumps, except for hot tap water systems, should be designed so that they are normally
turned off when there is no need for flow.

2.4.4.1 The changes compared to the previous building regulation are the following:

Primary energy factors are changed to weighting factors for the energy carrier’s electricity,
district heating, district cooling, biofuel, oil and gas. At the same time, it is clarified that the
weighting factor for biofuel includes solid as well as liquid and gaseous ones. Consequently,
the weighting factors for gas and oil include only fossil fuels. The weighting factors are
developed according to a cost-optimal approach and provide the opportunity to consider
technology neutrality and share of renewable energy in the energy carrier. The primary energy
number is retained as a measure of the building’s energy performance, but the requirement
levels for maximum permitted primary energy numbers are changed and the requirement for
single-family houses is divided into three different levels depending on the size of the single-
family house. The maximum permitted average heat transfer coefficient has also been lowered
for single-family houses and other premises. And finally, the ventilation addition in Table 2a is
adjusted and the specific fan power (SFP) values recommended not to be exceeded are
lowered because of improved technical performance of these systems.
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2.4.4.2 Further clarifications regarding the Swedish definition of an nZEB:

The weighting factors are time independent and the same in all municipalities, e.g. regard-
less of the energy mix of the local district heating plant

Plug loads (household and activity energy) are not included in the calculated energy perfor-
mance (EPpet), but are of course included in the energy balance calculations

The balancing period is a “normal year”

No requirement on embodied energy or CO2-emissions

No requirement on renewable energy production on-site - but it's easier to get below the
maximum EPpet-value if it is used - for PV, especially when having heat pumps and other
HVAC systems that use much electricity (and it’s even easier with a battery storage, but not
cost effective) - and solar thermal is very favourable in combination with biomass boilers,
i.e. renewable energy production on-site has a positive, but limited influence on the calcu-
lated energy performance (EPpet).

2.4.4.3 Measurement and verification

Requirements on verification is given in part 9:25 in the Swedish building regulations (not
included in the EU notification above). It states that building’s energy use shall be determined
either by measurements or by calculations and in accordance with a separate regulation;
Boverket's mandatory provisions and general recommendations regarding determination of
the building’s energy use at normal use and in a standard year, BEN (BFS 2016:12 - 2017:5)
that gives values for standardised use of buildings and instructions on how to

1. calculate the energy use for a building during normal use during a normal year
2. normalize measured energy use to a normal use during a normal year

2.4.5 Loads and boundary conditions for buildings

2451 External loads

The external loads are mainly due to the external climatic
conditions that vary quite considerably from the very north
part to the very south part of Sweden. This is reflected by
the geographical correction factors, going from 0.8 in the
south to 1.9 in the north, used to even out these variations
when calculating the energy performance (EP,e:) according
to the building regulations (see Figure 21). Sweden has a
set of climatic conditions for a normal year, on set per
municipality except for very large once that have two. The
climatic conditions compiled by the Swedish Meteorologi-

cal and Hydrological Institute (SMHI), give the average ‘\\ n\«g\ .
outdoor climate (e.g. temperature) over the period 1981- 0 U}
2010 and are at http://www.sveby.org/ freely available. Vi ; f,af & "

SMHI has also calculated the dimensioning winter outdoor

temperatures for the same locations, freely available at J 953
www.boverket.se. ‘R
ol v

2452 Internal loads p
Standardised internal loads for different buildings are given

in BEN in the form of standardised indoor temperatures,
standardised use of household and activity energy and

Figure 21: Geographic correc
tion factors

standardised use of hot tap water. Examples of annual
values are given below

For dwellings the standardised use of household electricity is 30 KWh/m? Asemp
For dwellings the standardised indoor temperature is 21 °C

For single-family houses the standardised use of hot tap water is 20 kWh/m? Aemp
For multi-family houses the standardised use of hot tap water is 25 kWh/m? Awemp
For premises the standardised use of hot tap water is 2 KWh/m? Acemp

(use exceeding 2 kWh/m? Aemp is activity energy)
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In practice the internal loads vary quite considerably between buildings of the same type. When
using measured energy to evaluate the performance of a building one therefore normally must
do several corrections to compensate for deviations from the standardised values. BEN gives
guidance on how to do this, but lack of necessary information and the formulas used some-
times leads to high uncertainty in the estimated energy performance.

2.4.6 System boundary

The system boundary in the Swedish building regulation is since the 1% of July 2017 (BBR25)
primary energy according to C in Figure 22. However, it should be noted that as described in
1.2 above the weighting factors for different energy carriers used to calculate the energy
performance (EPpet) are not strictly physically based primary energy (neither were the primary
energy factors previously used in BBR25-28). Another thing that makes the calculated energy
performance deviate from a real primary energy calculation is the use of a geographical
adjustment factors, meaning that a building in the very north part of Sweden can use twice as
much energy for heating as the same building in the very south part, but still have the same
calculated energy performance of a primary energy number.
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Figure 22: Different system boundaries for a building (text in Swedish).

In BBR12-24 the system boundary B was used in the Swedish Building regulations, i.e. the
unweighted bought energy delivered into the building (excluding household and activity
energy). Many actors have over the years advocated changing to system boundary A, i.e. net
energy need excluding the type of heating system

2.4.7 Utilisation of on-site produced renewable energy

According to the regulation BEN the building's energy use shall be reduced by energy from
solar, wind, ground, air or water generated in the building or on its site and used for the
building's heating, comfort cooling, domestic hot water and the building's property energy.
However, on-site produced energy that is used for other purposes (for example household
electricity), is delivered to other buildings or to the electricity grid must not be credited, i.e.
surplus production during the day / summer time must not be set off against deficit nights /
winter time / cloudy days.
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2.5 Swiss definition of nZEB

2.5.1 Building regulation

The building regulation in Switzerland is a cantonal legislation on the basis of the Swiss federal
states, i.e. the federal states, called cantons in Switzerland, define the requirements for the
new and retrofitted buildings. In order to harmonise the regulations among the cantons, the
conference of cantonal energy directors ("Kantonale Energiedirektoren Konferenz (EnDK)") is
publishing the Model rules for energy of the cantons ("Mustervorschriften der Kantone im
Energiebereich — MuKEN"). This harmonisation is supported on the federal level by the building
and HVAC standards, which are elaborated by the SIA — Swiss Society of Engineers and
Architects ("Schweizerischer Ingenieur- und Architektenverein). For instance, the SIA 380/1 of
2016 is the current Swiss standard for the calculation of the space heating energy demand of
buildings. The SIA 380/1 defines both limits for the building envelope in terms of individual
components like prescribed U-values, defining insulation levels, and limits for the space
heating energy demand for different building categories, i.e. as result of an annual energy
balance calculated on monthly basis. This standard is thereby also the technical background
for the further building regulations, directives and labels in the building sector on a national or
on the cantonal level. The new requirements of the SIA 380/1 are also in correspondence to
the requirement of the MuKEn 2014 (EnDK, 2018), are as strict, that the basic low energy
house label MINERGIE® will become the standard building in the new built sector.

2.5.2 Model rules for energy of the cantons — MuKEn 2014

The implementation of legal requirements for nZEB is defined in the last revision of the MuKEnN
which was finished in 2014 and published as in January 2015. Due to updates in the underlying
SIA standard 380/1 in 2016 the latest version with harmonized requirement to the present
standardization has been published in April 2018. Despite the quite early publication of the
MuKEn 2014 in January 2015, the implementation in the single cantons is still ongoing and
was targeted to be finished 2020. However, this may be ambitious, since some cantons are
still in an early phase of implementation, see chap. 2.5.3.

Based on the cantonal guidelines for the energy policy (EnDK, 2012), the goal of the EnDK is
to implement nZEB in the new built sector by 2020 in line with EU requirements of the EPBD
and in the long-term, all buildings shall fulfill n.ZEB requirements. Therefore, according to the
guideline 10 of the cantonal energy policy "until 2020 all new buildings shall cover their energy
demands for space heating and DHW with locally self-produced renewable energies on an
annual basis and partly cover the electricity demand by on-site production".

To achieve this goal, basically four requirements are set to be fulfilled by new buildings to
achieve an nZEB rating

1. The U-values of all building envelope components shall be below the limits in Table 18 and
all linear thermal bridges y; and spot thermal bridges ;i below the limits given in Table 19
or alternately
the space heating demand Qu,i according to SIA 380/1 (2016) shall be below the limit
according to Table 20, which is calculated by the two components
Qn,i = [Qniiio + AQm,i - An/Ag)] - feor
where
Qui = limit of space heating demand, Qwiio - constant space heating limit, AQwn - variable space

heating limit, Amn — thermal surface of the building, Ae — energy reference area, fcor — correction factor
for outdoor temperature of the building site

2. Heat load Py, shall be below the limit according to Table 20
(for building categories residential, administration/office, school)

3. Weighted delivered energy below the limit according to Table 21 or use of a standard
system solution according to Table 22. The weighted delivered energy is calculated by
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where
Qnef — space heating demand, Qwv — DHW demand, Eix — electricity ventilation/space cooling,
g- weighting factor according to Table 23, n - efficiency, performance

4. Installed capacity for on-site electricity production 10 W/m?gra

If the criteria are compared with the EU hurdle race in Figure 6 published in 2013 it can be
seen that the Swiss criteria are mostly in line with the EU proposal. The space heating demand
or the U-value requirement is a limit on the energy needs (first hurdle), the weighted delivered
energy is a requirement on total energy demand (second hurdle) and the requirement for on-
site electricity generation is a requirement for renewable energy share (third hurdle). However,
in Switzerland, no balancing is made, so the two requirement on energy efficiency and the
requirement on on-site renewable production are not balanced.

In Table 18 the limits for the U-values and in Table 20 the typical building loads P according
to MuKEn are shown. According to the Swiss calculation standard SIA 380/1 (2016), there are
twelve building uses defined. For each building use the space heating demand limits are
defined as energy use per Energy Reference Area (ERA) and added by a constant term and
a variable term, which is the basis for the correction of the building site and the ratio of the
thermal surface to energy reference area, which is a similar characteristic as the A:V ratio.
The prescribed maximum design temperature (limit/target values) for new built floor heating
systems is 35 °C/30 °C and for new built radiator systems 50 °C/40 °C. For residential
buildings, administrative buildings and schools, an additional requirement of a maximum heat
load exist, which is also listed as Py, in Table 20.

Table 18:Limits for the U-values according to SIA 380/1 (2016) and adaptations in MUKENn 2014 (EnDK,

2018)
Limit U-value Uj; Limit U-value U;; Retrofitting
[W/(m?K)] [W/(m?K)]
Building component connected | Outdoor air or | Unheated Outdoor air or | Unheated
to lessthan 2 m | rooms or more | lessthan 2 m | rooms or more
in the ground than 2 min in the ground than 2 min
the ground the ground
Opague Component
- Roof, Ceiling, Wall, Floor 0.17 025 025 0.28
Window 1.0 1.3 1.0 1.3
Doors 1.2 1.5 1.2 15
Gates (doors larger than 6 m) 1.7 2.0 1.7 2.0
Shutter box 0.50 0.50 0.50 0.50

For space heating, no direct electric heating is allowed anymore, a rule, which has already
been introduced with the MuKEn 2008. Centralised direct electric heating is to be retrofitted
within 10 years from 2015 on. For DHW small decentralized direct electrical heating systems
are still allowed, if at least 50% of the DHW demand is generated with renewable sources or
during the heating period the water is preheated with the space heating generator.

Furthermore, the MuKEn 2014 defines a criteria for the delivered energy of the building
technology (space heating, DHW, air-conditioning and ventilation for the twelve building uses,
as depicted in Table 21).

The standard DHW demand for residential buildings is set to 13.5 (19.8) kWh/(m?yr) for single-
(multi-) family dwellings, respectively. The energy is weighted with the factors defined in Table
23, e.g. electricity is weighted with the factor 2.
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Table 19:Limit for thermal bridges by linear and spot thermal transmittance

Linear thermal transmittance limit v [W/mK]
Type 1 Cantilever, overhang 0.3

Type 2 interruption thermal insulation by walls, floors and ceilings 0.2

Type 3 interruption thermal insulation by horizontal/vertical building edge 0.2

Type 5 Window stop 0.15
Spot thermal transmittance limit i [W/K]
Type 6 point penetration thermal insulation 0.3

The self-produced electricity must not be subtracted for the Enwik value, except for the produced

electricity of cogeneration systems.

Table 20:Building use categories and their limit value for heat demand per square meter with a mean
annual ambient temperature of 9.4 °C and specific heat load of MUKEn 2014

Building use Qwilio AQu i Ph,i QM retrofitting
[KWh/(m?yr)] | [KWh/(m? yr)] [W/m?] [KWh/(m?yr)]

I Residential (MFH) 13 15 20

Il Residential (SFH) 16 15 25

[l Administration 13 15 25

\Y% Schools 14 15 20

\' Store 7 14 -

VI Restaurant 16 15 - 1.5*Qui
Vil Assembly rooms 18 15 - ' '
VIII | Hospitals 18 17 -

IX Industry 10 14 -

X Storage 14 14 -

Xl Sport facilities 16 14 -

Xl Indoor swimming pools 15 18 -

Thereby, the focus is on efficiency, while renewable generation on-site is only taken into
account in the balance of weighted delivered energy for thermal energy production, e.g. by
solar thermal collectors, which are weighted with O, i.e. can be subtracted from the space

heating and/or DHW demand.

Table 21: Weighted energy use for heating, DHW, cooling/air conditioning and ventilation

Building type Limit value Enwik [KWh/(m?-yr)]
I Residential (Multi-family) 35

Il Residential (Single-family) 35

11 Administration 40

v Schools 35

Vv Store 40

VI Restaurant 45

VIl | Assembly rooms 40

VIIl | Hospitals 70

IX Industry 20

X Storage 20

XI Sport facilities 25

XIl' | Indoor swimming pools No requirement

For the building category SFH and MFH six standard solutions which fulfil the MuKEn 2014

requirements are given in Table 22.

Additional boundary conditions

o The seasonal performance factor of the gas heat pump has to be at least 1.4.
o 80% is the minimum heat recovery of the controlled ventilation.
o The fossil fraction of district heating is limited to 30%.
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Table 22: Standard solutions according to MuKEn 2014

g 3 >
© | O o g
2 ) £ c
Building envelope To| 8 oo | 3| £ 3 s
2o | 8 |528|e5|E|a | =%
Sc|ELH|l 282 | E0 || I | =%
o 0 9 o= 0| 00T o n o
85| 55|23 (85| 2|8 | 85
o | <= |0c®|Wo|=|0 L o
Opague components to outside 0.17 W/(m2K)
Windows 1.00
W/(m?2K) X X X X - - -
Controlled ventilation
Opague components to outside 0.17 W/(mz2K)
Windows 1.00
W/(m?K) X X X X X | - -
Thermal solar for DHW minimal 2 % of ERA
Opague components to outside 0.15 W/(mz2K)
Windows 1.00
Wi/(m2K) X 1 X X i R N
Opaque components to outside 0.15 W/(m2K)
Windows 0.80
WI(m2K) X X X X - - -
Opaque components to outside 0.15 W/(m2K)
Windows 1.00
W/(m2K) X X X X X | X -
Controlled ventilation
Thermal solar for DHW minimal 2 % of ERA
Opague components to outside 0.15 W/(mz2K)
Windows 0.80 W/(m2K) X X X X X X X
Controlled ventilation
Thermal solar for H+DHW minimal 7 % of ERA

These standard solutions lead to very good insulation of every part of the building. Also, the
minimal required area of the solar collector is quite big. Because of these two reasons, the
system can be optimized, if it is proven by a system calculation. Therefore, the standard
solutions are not used in any case of new buildings.

Table 23: National weighting factor for the calculation of weighted delivered energy

Energy carrier National weighting factor
electricity 2.0
Fuel oil, natural gas, charcoal 1.0
Biomass (wood, biogas, sewage gas) 0.5

District heating
(incl. waste heat of waste incineration, waste water treatment
plants, industry)

Fossil fraction < 25% 0.4
< 50% 0.6
< 75% 0.8
> 75% 1.0

Solar energy, ambient heat, geothermal heat 0
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2.5.3 Time schedule of the MUKEN 2014 and implementation state

Figure 23 illustrates the time schedule for the introduction of the MUKEnN 2014 correlated to the
time schedule for the introduction of nZEB in the EU. The time schedule for the introduction of
MuKEn 2014 is coordinated with the EPBD time schedule.

In the single cantons is not finished and not all cantons will accept all criteria, as shown in
Figure 24. Thus, the harmonisation of the building energy requirement may not be as uniform
as with the last version of MuKEn 2008.

March 21, Aprll 19, March 21, { RegularMs Dec.31,

Recast 2012 2012 2013 2015 leportsmthex 2018 Dec. 31,2020
EPBD Cost-optimality = Guidelines  MS first report MS EU Commission All new public All new
31/2010/EU  Delegated  forDelegated ~ totheEU  intermediate = oncost- bulldingsare _ Dulldingsare

Regulation Regulation = Commission on targetfor nZEB : optimality, at : nZEB nZEB

N0 244/2012  No244/2012  cost-optimality intervals <5 yrs

L]

% Milestone

Figure 23: Time schedule for introduction of MuKEn 2014 in line with EPBD time schedule in the EU

m !mplementation not

" '* A yet started
RN zn . Pre-parliamentary
' o phase

Public phase before
pre-parliamentary phase

b
.
>

Parliamentary phase

Post-parliamentary
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Enactment adopted or
" already enacted

B |Implementation rejected

Figure 24: State of introduction of MuKEnNn 2014 in the Swiss cantons (state December 2020)
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Figure 25 shows the state of implementation of single new criteria in MuKEn 2014. While for
the implementation of the requirement of MUKEnN 2014 for the building envelope (left) and the
weighted delivered energy (middle) is quite well accepted by the cantons, the on-site electricity
generation is not so well accepted and may need further discussion. In general it seems the
implementation will not be as harmonised as the MukEn 2008 version, where the so-called
base module with the main requirements was implemented by all cantons.

B MuKEn 2014 enacted [l MuKEn 2008 in use Implementation foreseen
B No implementation foreseen Objective MuKEN 2014 by alternate way

Figure 25: Implementation state of requirement on building envelope of MuKEn 2014 (left), of
requirement on the weighted delivered energy (middle) and of requirement on the on-site
electricity generation (right) in the Swiss cantons (state December 2020).
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3 Methodology to compare nZEB rating

3.1 Simulation-based method for comparison of nZEB ambition level

The objective of the EPBD recast (2010), current version EPBD (2018) is to set higher targets
for building energy efficiency to decrease energy use in buildings and promote renewable
production on the building site and nearby.

Due to different metrics, system boundaries and limits, it is hard to compare ambition levels of
the new requirements of an nZEB in the different EU Member States (MS). The assessment is
even more complicated due to different national calculation methods and boundary conditions.
For political legislation, a methodology to assess and compare the ambition level across EU-
MS would be a means to promote better energy efficiency and higher shares of renewable
energies in the EU building sector and can also serve to develop favourable system technology
solution sets to comply with higher performance requirements. This would also facilitate the
planning process and building technology manufacturers could develop adequate system
packages.

Based on the state-of-the-art analysis a methodology was developed to assess and compare
the ambition level of the EU-MS nZEB definition in both warm and cold climates. This approach
is described in detail in Wemhoener et al. (2019).

The methodology is based on building and system simulations. The methodology has been
tested with different simulation programs in Matlab/Simulink and TRNSYS 17 (University of
Wisconsin-Madison, 2017). For Matlab-Simulink, two different model implementation accor-
ding to the Carnot Toolbox 6.1 (Solar Institute Juelich, 2017) and the CarnotUIBK library
(Siegele; Leonardi & Ochs, 2019) have been used. The used models have been calibrated by
cross-comparison of the results in order to start the process with acceptable deviations.

As reference building, the so-called reference framework, which was introduced in IEA SHC
Task 32 in the Solar Heating and Cooling (SHC) program of the International Energy Agency
and further elaborated in the joint IEA SHC Task 44/HPP Annex 38 is used, since building
parameters are well described in Dott et al. (2013) and thereby offer a good basis for the
modelling in the different simulation programs. The building itself is a single-family building
depicted in Figure 26. For the application as nZEB reference building, the smaller, south-
oriented roof area is additionally equipped with solar PV and different changes of the
parameters of the building envelope and system technology parameters have been made. For
the investigation in Annex 49 the building is equipped with an air-to-water heat pump for space
heating and DHW heating. Thus, electricity is the only delivered energy used for the building
operation and thus the building concept corresponds to an all-electric building.

Figure 26: Reference framework building

In the framework document, the reference building is evaluated in different climates and for
different building envelope qualities. As a basis for the development of the methodology the
climate of Strasbourg with the envelope quality “SFH15” has been chosen, which corresponds
to a single family house with a heating demand in the range of 15 kWh/(m?yr) (based on IEA
SHC Tas44 / HPT Annex 38). This building is called Framework building in the following.
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3.1.1 Method

The methodology itself consists of different steps, which are summarised in Table 24. During
the steps different criteria and parameters of the building are varied. In the table changes from
step to step are marked in bold and the same parameters among the cases are colour coded
in grey scales. Steps for the comparison of results are highlighted with the same colour in the
column of the step number. In the following, the different criteria contained in Table 24 are
explained with the options denoted in brackets and separated by a slash.

Table 24:Steps of the methodology to compare ambition levels (Wemhoener et al. 2019) (italic, if a
reference building is required in national building regulations)

Step Tool Climate BC Envelope HVAC Renewables Remark
L Simulation Strasbourg | Framework | Framework | Framework Framework Calcl:k;;aglon
2 . . National/ Climate

Simulation Site Framework | Framework | Framework Framework case
3 . . : . Nat.
National Natlpnall National National National National reference
Site reference reference reference S
building
4 . National/ . National National . National
National Site National nZEB nZEB National nZEB
5 . : . Nat.
Simulation National National National National Naional reference
reference reference reference o
building
6 . . National/ . National National . National
Simulation Site National nZEB nZEB National nZEB
7 . . National/ National National . Comparison
Simulation Site Framework nZEB nZEB National to Nol,zl/ No.
8 . . National National . Comparison
Simulation | Strasbourg | Framework nZEB nZEB National to No.1
9 PHPP National/ Framework PH Ideal - PHPP PH
Site envelope heating
20 °C
10 Simulation National/ Framework PH Ideal op. - PHPP PH
Site envelope temp.20 °C
11 Simulation National/ Framework PH Framework | Framework | National PH
Site envelope Comp. to
No.7

The content of each column of Table 24 is further explained by Figure 27, where:

¢ Tool (national/simulation) refers to the calculation method, where national refers to the

national calculation tool for the approval of nZEB rating. As alternative, simulation programs
are used in this investigation.

Climate (framework/national [reference/site]) refers to the weather data as reference
weather of Strasbourg or the national site or reference climate. In some standards, national
weather is distinguished in a reference site of the country and the climate of the actual
building site (e.g. with correction of height above sea level).

Boundary conditions (BC) (framework/national) denote the values of the domestic hot water
(DHW) tapping profile, the internal gains distinguished in persons and gains of equipment/
illumination as well as the set point of the indoor temperature. They can be set to the frame-
work and national.

Envelope (framework/national reference/national) denotes the building envelope type. It can
be set to the original framework envelope or it is adapted to the national requirement. In
some countries, a national reference building is defined and requirements are set relative to
the reference building. Thus, values correspond to framework, national reference or national
for the building, which exactly meets the country’s nZEB requirements.
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e HVAC (framework/national) denotes the installed building system technology of the different
systems like the ventilation (e.g. heat recovery rate/control/volume flow), shading, heat
pump, heat emission, heating and DHW control, auxiliary energy, storage etc. If there are
prescriptions in the building directive for the system technology these national requirements
for the building system should be taken into account for the national nZEB

e Renewables (PV/solar thermal) refers to installed renewable energies, in particular solar PV.
But also solar thermal or other renewables are an option.

Simulation l
ﬂ[‘ Reference |
I National ‘ {1 Site |

System (HP /ideal) |

| HP control and piping |
} - PV
|
|

Tools
B.C.

DHW \
Internal Gains ‘

Climate

{ Set point
[ MVHR
Ventilation control

HVAC

Renewables

: Shading control

Figure 27: Allocation of values to the respective subsystem or category

3.1.1.1 Step 1: Calibration case

Since different simulation programs have been applied, the first step denoted as “calibration
case” consists of the modelling of the framework building in the different programs and
compare simulation results for the climate of Strasbourg. A comparison of simulated results is
performed by monthly energy balances for the single energies of transmission and ventilation
losses, solar and internal gains and the resulting heating demands. Furthermore, the monthly
averaged operative temperature and regarding the system technology, the seasonal
performance factor (SPF) of the heat pump in space heating and DHW operation and the yield
of renewables are compared. Results were stepwise improved until eventually good
agreement was reached.

3.1.1.2 Step 2: Climate case

Step 2 denoted as “climate case” does only consist of a simulation of the calibration case with
change of the weather data to reference weather data of the respective country in order to
evaluate the impact of climate data. The focus of the studies were heating dominated climates
(Austria, Germany, Switzerland and Sweden (in preparation). The methodology will also be
extended to climates with cooling needs (e.qg. Italy).

3.1.1.3 Steps 3-8: National case

Step 3-8 are denoted as national case and consist of transforming the reference framework
building to national boundary conditions (BC) which exactly fulfil the nZEB requirements in the
country. Finally, the nZEB is simulated again with common boundary conditions and climate
data of the reference building.

Thus, in step 3/4 the building is modelled in the national calculation tool, often Excel based,
which is used to prove compliance with the national nZEB requirements.

Thereby, all boundary conditions have to be set to national values, i.e. tapping demands and
internal loads, since the national nZEB requirements are defined by national calculation
methods and values. In the national calculation tool, parameters of the building are modified
until the building exactly meets the limit to comply with the national nZEB requirements.
Depending on the national calculation, this may also include HVAC in terms of heat pump
performance, control settings or ventilation or different shading levels. Step 3 is relevant for
countries, which use a national reference building in order to define the national requirements.
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In step 5/6 the building, HVAC and renewable parameters are transferred from the national
tool to the simulation program, in case of a national reference building, both for the reference
building (Step 5) and the national nZEB (Step 6). By the simulation tool, the calculation method
is calibrated from different national calculation approaches to a common calculation based on
the simulation model. Remaining differences between the results of the national calculation
tool and the simulation shall be documented, but no detailed calibration is done for the
simulation model, since the more detailed simulation necessarily delivers different results. As
further normalisation, in step 7/8 boundary conditions are changed back to the framework. This
is done for the internal loads, tapping demands and indoor temperature set points. For the
weather data, evaluations may be performed both in national weather conditions (Step 7) and
for the common Strasbourg weather of the framework (Step 8). Then, the simulation is
performed and the data are compared to the results of the calibration or climate case,
respectively, which thereby serves as reference for the comparison of the ambition levels. To
avoid distortion of different primary energy factors and different national energy reference area
definitions, the absolute electric energy input for the HVAC in terms of space heating, DHW
production and ventilation is compared. This is valid for all-electric buildings such as direct
electric heating or heat pump for heating dominated climates.

3.1.1.4 Step 9-11: Passive house

As a variant, also the reference building of an ultra-low energy house in terms of the
internationally widespread passive house certification is investigated.

The approval of the passive house compliance is done by the planning tool Passive House
Projecting Package (PHPP), www.passiv.de. Thus, the implementation of the passive house
starts with the adaption of building parameters to comply with requirements in the PHPP. Since
a passive house is mainly defined by the heating demand of 15 kWh/(m?yr), the building
envelope parameters are adapted. Boundary conditions in terms of internal loads are taken
from the reference framework (step 9), but the PHPP calculates the heat load for ideal heating
to 20 °C. In step 10 and step 11, the transfer to the simulation programs is performed like in
step 7/8. For the passive house, only the national weather has been considered, i.e. the
passive house serves as a local reference with high ambition level. Thereby, in order to
compare the simulation, the indoor temperature is controlled to 20 °C operative temperature
in step 10, while in step 11, the HVAC and boundary conditions of the framework are applied.
The evaluation of the ambition level is made on the national level in terms of the difference to
the high ambition level of the passive house as a common baseline. The relative difference
among the countries to the local passive house serves as an indicator for the ranking of
national ambition levels.

3.2 Results

3.2.1 Calibration

The calibration step of this study includes Matlab-Simulink with two different Toolboxes, the
CARNOT 6.1 (Solar Institute Juelich, 2017) and carnotUIBK (Siegele; Leonardi & Ochs, 2019)
as well as TRNSYS (University of Wisconsin-Madison, 2017). Figure 28 shows the comparison
of the three tools reporting the monthly heating demand (a) and the electricity demand (b).
After several necessary iterations, a good agreement has been reached. The relative deviation
to the median value of the yearly heating demand is below 1% and of the yearly electricity
demand below 3%.
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Figure 28: Heating demand (left) and total electrical energy demand (right) for the calibration case
3.2.2 Climate case

Step 2 of the climate case is just an exchange of the common Strasbourg weather data to the
local weather data of the D-A-CH countries at Potsdam, Innsbruck and Zurich. Step 2 serves
to compare the climate impact. Figure 29 shows the comparison of the three sites regarding
the heating demand. Even though the heating demand in Zurich is lower in the core winter
month of December and January, and Potsdam has the highest heating demand in every
month, the values are still close, so it is confirmed the sites are in the same climate zones.
Thus, from the design of the buildings, the transfer to a common climate like Strasbourg in the
same climate zone should be feasible.
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Figure 29: Climate case for the D-A-CH countries
3.2.3 National Case

Figure 30 shows the heating demand and Figure 31 shows the respective electrical energy
demand for the national nZEB (step 7) and the internationally widespread passive house
standard (step 11). For Switzerland the national nZEB is compared with the Swiss passive
house at the site Zurich (weather data set Zurich Meteoschweiz), for Germany the KfwW55 and
EnEV 2016 requirements are compared with the passive house at the site of Potsdam and for
Austria, the national nZEB according to OIB directive 6 (2015) and the Austrian passive house
at the site of Innsbruck are considered.

The new nZEB in Germany must be built to meet the requirements of the EnEV (2016)
standard, which is significantly less stringent than the KfW55 (2020).

55/106



25 -
m Germany national case (EnEV)/Germany national case (KfW55)/passive house

m Switzerland national case (MuKEn 2014)/passive house
m Austria national case (OIB)/passive house

|

Jan Feb Mar Apr May June July Aug Sept Oct Nov  Dec

N
o
Il

=
(63}
1

Heating Demand [kKWh/(mZa)]
H
o

ol

Figure 30: Comparison of space heating demand for baseline passive house (step 11 and step 7)

Compared to a passive house in local climate, the Austrian and German implementation are
in the same range, but still significantly higher than the benchmark. The Swiss implementation
is more ambitious and comes closer to the local passive house benchmark.
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Figure 31: Comparison of electrical energy demand for baseline passive house (step 11 and step 7)
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3.3 Comparison of nZEB ambition level by benchmarks

Besides the above described relative comparison among the countries either

e by common boundary conditions regarding internal loads and common weather data (in
the tested case Strasbourg) or

¢ based on local weather data with a common high performance building benchmark as the
passive house

also a comparison with other common benchmarks can characterise the ambition level of the
national nZEB implementation. The passive houses is arbitrarily chosen as benchmark for a
high performance building standards, but also a comparison to benchmarks can be performed
to better characterise the national ambition level of the nZEB implementation. Following
benchmarks have been considered.

3.3.1 Cost-optimal benchmark

According the EPBD (2018) and the cost optimality guideline (EC, 2012), the minimum
ambition level for nZEB shall be the cost-optimal nZEB, see chap. 1.2.2. Thus, the cost optimal
building on national level can serve as the minimum requirement for nZEB rating.

3.3.2 EU benchmarks for nZEB with residential and office use

In 2016 the European commission published benchmarks for the implementation of nZEB with
residential and office use for four climate zones (EC, 2016), see chap. 1.1.5. These bench-
marks were checked with typical new built building services and household electricity demands
for residential single and multi-family and office buildings and form a reasonable ambition level
going beyond the cost-optimal level.

3.3.3 Upper and lower boundary for nZEB implementation

As lower limit the building physics and comfort constraints for indoor wall temperatures were
chosen. In order to guarantee moisture protection at indoor surfaces, minimum U-values of the
outer wall in the range of 0.4 W/(m?K) are required. Comfortable indoor wall temperatures are
guaranteed in the same range. Thus, the energy demand for these U-values combined with
the worst heating system of a direct electric heating are set as lower limit for the energy
performance.

As upper limit a building which achieves a net Zero Energy Balance on an annual basis is
defined, for which, however, only the self-consumed on-site PV electricity is accounted in the
balance. Thereby, a remaining energy demand of the buildings, which has to be imported from
the grid is set as upper benchmark.

3.3.4 Depiction of nZEB ambition level

From these benchmarks a diagram as conclusion of the comparison to different benchmarks,
has been derived in the colour range of energy building certificate from green for high ambition
level to red as lower boundary. The diagram depicts the ambition level in an energy — cost
diagram, which correlates the non-renewable primary energy on the abzissa vs. the life-cycle
cost on the y-axis. Figure 32 left shows the cost-optimality line for electrically-driven heating
system variants of a direct electric (DE), an air-to-water (A/W-HP) and a ground-to-water heat
pump (GW-HP), each with or without a mechanical ventilation system with heat recovery
(MVHR). The dashed line gives the pareto front of the cost optimisation, which reaches a
minimum at 20 EUR/(m?yr) life cycle cost and 92.3 kWh/(m?yr) non-renewable primary energy.
A non-renewable primary energy factor of 2.3 for electricity has been used according the
recommendation in EC (2016). Since depending on the calculation, the minimum could be
quite flat, a range of +10% around the cost optimum is defined as minimum requirement
according to the EU cost-optimality guideline, see chap. 2.1.1, with is set to the yellow range.
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Figure 32: Comparison of the Austrian (left) and the Swiss implementation (right) of nZEB in the energy-
cost diagram based on cost optimality calculations
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In the diagram, also the green range is limited by the optimum of the NZEB with only self-
consumed PV accounted in the balance, which is in the range of 30-50 kWh/(m?yr) non-
renewable primary energy. The upper boundary is derived by the max. U-value from building
physics combined with the direct electric heating system and defines the highest energy
consumption with 334 kWh/(m?yr).

The Austrian nZEB implementation according to the 10er and 16er line of OIB-6 (2015), see
chap. 2.1, is also depicted and is right of the cost-optimum, and thereby at higher energy
consumption as the minimum requirement and thus in the yellow-orange range of the colour
scale. It is noteworthy, that since the implementation is right of the cost-optimum, this would
mean that the nZEB implementation causes higher life-cycle cost despite a worse energy
performance, which would be an economic contradiction, since more money than necessary
is spent for a lower energy quality. However, the contradiction can be explained by only
considering investment cost, so the OIB implementation has lower investment cost than the
life-cycle cost-optimum.

Figure 32 right depicts the cost-optimality calculation performed according the Swiss MuKEn
2014 for air-source heat pump. At 125 kWh/(m?yr) the cost-optimum is mathematically reached
and the NZEB characterising the minimum is reached at about 55 kWh/(m?yr). Nevertheless,
the green area transcents the NZEB a bit until the cost-optimal line, since at same life-cycle
cost, a slightly better energy performance could be reached. The national implementation
results in an energy performance of 75 kWh/(m?yr), which is notably lower than the cost-
optimal building and thus in the green area. Therefore, the required ambition level for nZEB
rating in Switzerland is quite high, which is a consistent result to the comparison with the
passive house benchmark. However, thereby, also a higher life-cycle cost compared to the
cost-optimal level has to be accepted.

3.3.5 Discussion and conclusion

The methodology presented allows a relative comparison of the different ambition levels of the
countries regarding the national implementation of the EPBD based on a reference building.
Thereby, an indication is given, in how far the implementation of the EPBD recast will contribute
to an increase in the energy performance in the new built sector. The comparison is useful for
policy makers in order to evaluate the degree of implementation of the EPBD requirements
and to set out stricter targets for the future revisions and recasts of the EPBD. Moreover, less
ambitious countries can be approached to demonstrate the gap among countries and encou-
rage them regarding the transition to a higher ambition level. It has been tested for the single
family reference framework building and for the three countries Germany, Austria, Switzerland.
However, the current state of the methodology has some limitations namely

58/106



Tested only for single family buildings

Tested only for one climate zone

Focus on building envelope measures for reaching national nZEB requirements
Fixed heating system of air-source heat pump

¢ Renewable energy production not entirely included

Thus, the methodology should be tested for a broader application range of other building uses
like multi-family buildings or offices and further variants to reach nZEB requirements by building
technology and renewable generation technology variants. Also other energy carriers or
heating systems like wood or district heating could be included.

Moreover, the methodology shall be further improved so that it will be possible to compare also
buildings and nZEB requirements of different climates (taking into account also the cooling
demand).

The work on the calibration case showed, that a calibration is an absolute necessity before a
comparison can be made when using different simulation programs. All the possible user input
mistakes must be corrected to get rid of the user influence.

The comparison to other benchmarks based on the cost-optimality calculation required by the
EU guidelines combined with benchmarks of a net Zero Energy Building a frontier to plus
energy and on the other hand to the EU benchmarks can further give insight into the ambition
level of the current EU MS state nZEB implementation and help for the future to achieve the
objective of the EPBD of a higher performance in the built environment all over Europe.
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4 Archetype nZEB building technical concepts

Table 25 provides a comparison of nZEB implementation criteria in the participating countries
of Annex 49. A comparative overview on nZEB implementations across Europe is also included
in BPIE (2015), JRC (2016) and IPEEC (2018). Furthermore, common building technology
concepts applied in nZEB as well as building labels for high performance buildings are
discussed to give an extended state-of-the-art of nZEB implementation.

4.1 Comparison of criteria for nZEB implementation

Table 25: Comparison of nZEB criteria and limit in the participating countries of Annex 49

18 and Table 19

Uw =1,30 W/m?K
Ht1 max < 0,4 — 0,65
W/m2K

AT CH DE SE
Standard OIB 6 MuKEn 2014 EnEV 2016 BBR 29
Buildings Residential 12 building uses Residential residential
office (see Table 21) Non-residential
System Building technology Building technology Residential: building | Residential: building
boundary technology (SH, | technology (SH,
DHW, V, Aux) DHW, V, Aux)
Office: also SC, L Office: also SC, L
Balance period | monthly monthly monthly monthly
Energy gross gross A =0.32*V net
reference area
Reference yes no yes no
building
Reference yes 40 weather data sets | yes yes
climate
Criteria
Building Building physics All U-values & thermal | Ht' < reference Um values must be
components constraints bridges acc. to Table | Uror< 0,20 W/m?K met

primary energy only
informative

< 35 (40) kwh/(m?2yr)
acc. to Table 21

Space heating | Requirement Depending on Aw/Ae | non non
demand depends on charac- | and site temperature
teristic length acc. to Table 20
Heat load No particular require- | Residential < 25 W/m? | non non
ment Office, school < 20
W/m? acc. to Table 20
Primary energy | Requirement on | Weighted energy Qre < 0.75 x refe- | Epet
delivered energy, | Residential (office) | rence building SFH

[90 .. 100 KWh/m?]

buildings

Thermal Yes - proof of Has to be proven by | Yes - proof of No requirement
comfort summer thermal qualitative critieria, si- | summer thermal
in summer insulation mulation or measure- | insulation
ments

Air tightness No particular require- With (without) SFH

ment mech. ventilation 0.6 l/(sm?) at 50 Pa

<1.5h1(3,0hY

Ventilation Window airing Window airing Window airing —0,35l/(sm?)
requirements Possible possible possible

Min exhaust air for

internal rooms
Renewable Either by non RE | 10 W/m?installed According to | Not required
production primary energy or by | electric capacity EEW&armeG

offsite renewables or | required

by on-site

renewables
Requirement Similar  to new | 1.5 x the limit of new | According to EnEV | Similar  to new
for retrofitting buildings buildings 2016 for new buildings
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4.2 Archetype concepts for nZEB

Basically, there are two archetype concepts to achieve nearly Zero Energy buildings, solar
electric production or solar thermal production. Depending on the ambition level and the
balance boundary, requirements are stricter or more relaxed for on-site renewable energy
production in order to compensate for the energy consumption. Since space for on-site produc-
tion is limited, a prerequisite for the archetype concepts are reduced building loads both for the
building envelope and for the appliances.

4.2.1 All-electric building concept (solar electric production)

The term all-electric building is used for a building which only uses electricity as delivered
energy, i.e. electricity is used for all building technologies and appliances. Thus, the evident
technology combination of all-electric buildings is a heat pump combined with solar PV on the
roof and eventually in the building facade. The combination of heat pumps and PV in high
performance buildings has several advantages

¢ High performance factors of the heat pump due to low space heating loads, which can be
covered with low supply temperatures near the room temperature with adapted emission
system design

e Multiple building services of SH, DHW, space cooling and dehumidification can be covered
with one generator, even simultaneously, which further increases the performance

¢ No extra installations for fuels required, no space for storing energy carriers

e Electricity is nowadays available in every new building

e As one of the main consumers in residential buildings the heat pump can increase the self-
consumption of the on-site PV production, which may be economically beneficial locally
and on the larger scale by avoiding grid interaction

e By converting electricity into heating and/or cooling energy, additional storage options are
unlocked by the heat pumps in terms of sector coupling (power2heat)

However, the combination is also limited by the mismatch between production and loads,
where PV electricity surplus in summer cannot be easily transferred to heat pump operation in
winter. Indeed, the all-electric building concept can also be characterised by a surplus
electricity in summer and a deficit in winter. The electricity grid is used as virtual storage.
Converting heating needs into cooling needs by very efficient building envelopes can thus
create better load match and virtually higher efficiency of the heat pump/chiller in cooling
operation than in heating operation.

Even though the concept principally also includes direct electric heating, it should be restricted
to minor fractions for efficiency reasons, e.g. to emergency heating due to lower temperature
limitations of the heat pump or to hygienic requirements of legionella protection due to the
upper temperature limit of the heat pumps. However, with adapted system solutions like fresh
water systems, hygienic requirements can be overcome by favourable design with lower
temperature requirement (see project Vogelebichl with fresh water system)

Actually, the efficiency of the building technology and of the lighting and appliances also
determines the on-site production necessity to meet ambitious nZE balance targets up to plus
energy. Therefore, inefficiencies require extended on-site production, which may compromise
cost-optimal building design at current market prices and may increase load mismatch due to
larger production surplus in summer and deficit in winter. Thus, efficiency both of the building
envelope and of the building system technology and appliances/plug loads is a prerequisite to
achieve ambitious nZE balance targets. In particular in larger residential buildings or building
with non-residential use implying increased number of devices and plug loads like highly
technically equipped office buildings causing also additional cooling loads, the surface for on-
site production may not be sufficient.

System variants:

Due to the above mentioned characteristics of the all-electric building concept, different
variants are realised as extensions of the basic concept:
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e Integration of additional thermal/electric storages

Due to the beneficial self-consumption of on-site PV electricity for the homeowner or for the
grid interaction the concept can be combined with on-site storages. The most evident
storage would be electrical battery storages, but a current market conditions, this is not
profitable in every case, yet. An alternative would be the increasing number of electric
vehicles which could be extended to vehicle2grid or vehicle2building concepts with bidirec-
tional use of the battery. However, the availability of the car and thus the battery storage is
not always given and the vehicle may be off in times of highest PV production during
daytime. Moreover, the lifetime of the battery may be preferably used for the mobility
application.

Thus, thermal storage is an alternative and in first place, the already integrated DHW
storage and the building thermal mass activated by floor heating or thermally activated
buildings systems (TABS) can be used (see project SoISPONGEhigh_on solar fraction with
storage in TABS). Moreover, also heating or cooling buffer storages may be integrated for
self-consumption and demand response.

¢ Integration of seasonal storage

Due to the load mismatch between the summer surplus and winter deficit, it is hard to derive
a fully autarkic building operation, even though an annual zero or even plus energy balance
can be reached. As an extreme of storage integration, also seasonal storage in the form of
long-term chemical storage as hydrogen and power-to-X systems can be installed.
However, the cost is still high and round-trip electric efficiency is limited, and thus, the
technology is currently restricted to pilot and demonstration plants.

As a variant of a seasonal source storage, regeneration of ice storage and the ground can
be considered. Almost all monitoring projects use ground source, which partly uses a
regeneration by free-cooling or active cooling (projects Black&White, KIWI Dalgard, OVN)
or active regeneration by solar thermal components (in the project Riedberg). In the Report
Annex 49 part 3 long term measurements of the ground regeneration of borehole heat
exchangers (project Berghalde), energy piles and a horizontal agrothermal field (project
Willibald-Gluck secondary school) and the regeneration of an ice storage with a new
absorber system installed under the PV modules (project Riedberg) are evaluated.

e Advanced controls
Another approach is to use advanced control strategies to unlock existing or extended
storage capabilities for an energy flexible operation, which shall lead to increased self-
consumption for the building owner perspective or to a grid-supportive operation from the
grid operator or the electric utility perspective. Control strategies for self-consumption and
grid supportive operation are applied in different projects in the monitored buildings like
Berghalde, Herzo-Base and the living lab of NTNU, which is detailed in the_Report Annex

49 part 3.

4.2.2 "Sonnenhaus" concept (solar thermal production)

The other archetype concepts use on-site solar thermal production in the building envelope
combined with a seasonal thermal storage to derive solar autarky regarding space heating and
DHW. This concept is linked to the solar pioneer Jenni Energietechnik located in Oberburg in
Switzerland. The company has built one of the first solar thermally autarkic SFH, and in 2008
the first solar thermal autarkic MFH was commissioned. The thermal autarky for SH and DHW
is achieved by a huge building integrated seasonal water storage, which is charged with solar
thermal heat by summer surplus to cover the winter need. Advantages of the concept are

Less PV-area required to reach the nZEB balance

100% self-consumption of the generated on-site heat

Reduced grid interaction for the electricity grid due to restricted electric summer surplus
Little PV installation needed for the balance boundary building technology
Independency of future development of energy markets
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However, limitations are the required space and the cost for the seasonal storage. Since a
large design of the system is needed for thermal autarky, it is worthwhile to also go to the limit
of the performance of the building envelope to reduce the heating demand as far as possible,
so normally, the building envelope reaches ultra-low energy house level. Despite cost and
space requirements, the concept has spread mainly in Germany, where quite a number of
buildings according to the "Sonnenhaus" concept have been built. The disadvantage of the
required space and investment for the seasonal storage can be diminished depending on the
degree of autarky achieved. Thus, it is possible to combine the pure concept with back-up
generators, leading to system variants:

¢ Integration of biomass back-up
A decrease of the full autarky to levels for 80 — 90% autarky or lower can notably decrease
the size of the components, both the solar thermal collector area as well as the storage size.
Thereby, still a limited size of the back-up heater, e.g. a pellet or a biogas boiler is required,
to cover the remaining 10-20% of the space heating and DHW demand.

e Combined heat and power (CHP)

Instead of the pure biomass boiler also a CHP unit can be considered which will have good
load match to PV production, since the CHP unit is operated in the heating season, where
the PV production is low while during summer, when the plant is not operated the PV
production is high. However, gas-engine driven CHP units, which are marketable are limited
to liquid or gaseous fuels, which would require biogas or a pre-processing by wood
gasification. Furthermore, CHP units require an operation time of at least 4500 hours to be
profitable, which may be hard to reach with decreasing space heating demand with high
performance building envelopes. At ORNL, a gas-engine driven integrated heat pump
prototype has been developed

e Supply by district heating
Instead of biomass imported to the building for the heat supply, also the heat can be directly
supplied by district heating.

These are two archetype concepts as pure all-electric and solar thermal autarkic concepts with
the respective variants. In pratical implementation in nZEB, however, also further combinations
can be found. In the project Innsbruck-Végelebichl, a combination with heat pump, PV and
solar thermal has been realised and also variants of the solar thermal and PV share have been
examined. Also in the project SolSPONGEhigh variants of an air-to water heat pump
combined with either solar thermal or PV have been compared. Even though the concept with
high solar thermal fraction above 50% is also already spread, see also chap. 4.2.2, the all-
electric concept is the dominating concept in the monitoring projects in Annex 49.

4.3 Upcoming technologies applied in nZEB

Table 26 gives an overview of existing and upcoming HVAC technologies for the application
in nZEB. In the following a short discussion of different technologies is given.

4.3.1 Heat pump

Heat pumps itself have the advantages already mentioned in chap. 4.2.1 for the all-electric
building concept. Following upcoming issues may introduce new heat pump developments.

4.3.1.1 Refrigerants

Based on the F-gas Directive in Europe and the Kigali agreement internationally, current
synthetic refrigerants are notably phased down. Thus, a change to refrigerants with low GWP
is ongoing. The objective would be natural refrigerants, which are currently already partly in
operation and offer interesting characteristic. Each of the natural refrigerants also brings some
limitations, though, e.g. the toxicity in case of ammonia and flammability in case of propane.
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Table 26: Overview of upcoming HVAC technologies for nZEB (source: Stene, Justo-Alonso,
Rgnneseth and Georges, 2018)

Natural fluids (R744, R717, R290)

increased SCOP

HEAT PUMPS Advantages Disadvantages
Renewable energy

Heat pumps Heating/cooling in one device Costs
May utilize local electricity (PV)
low GWP, 100% eco-friendly, Costs

Toxicity and flammability

High quality VSD compressors,

: . Building technology Costs
electronic expansion valves etc.
EOZ-DHW heat pump water monthly Costs

eaters
Operational problems

Grey water heat pumps gross Mzin tenancepcosts
Exhaust air heat pump (CVHD) yes Low heating capacity
Seawater, ground water and rock | yes K:/l(;is;fenance
THERMAL ENERGY SYSTEMS Advantages Disadvantages

Solar heaters

Solar thermal energy

Costs vs. PV costs

PVIT panels

Less roof area

Reachable temperature level

Grey water heat rcovery

Heat recovery from waste source

Maintenance

Hot-fill for washing machines etc.

Reduced electricity consumption

Costs

Waste heat from computer cooling

Reduces heating demand

Operational problems, costs

Low temp. heating syst. (< 50 °C)

High SCOP for heat pumps

Costs

High temp. cooling syst. (> 12 °C)

Max. coverage from free cooling
High SCOP for liquid chillers

Costs
Higher SFP due to higher Ap

VENTILATION SYSTEMS

Advantages

Disadvantages

Decentralized air handling units

Short ventilation ducts, low SFP

Demand control VAV systems

Min. el. consumption

Costs

Hybrid ventilation system design

Low SFP
Lower costs, less ventilation ducts

Demand design
Possible poor indoor climate

Displacement ventilation

Energy efficient ventilation

Not applicable everywhere

Space heating by ventilation air

No costs for heat distribution
Increased heat pump SCOP
Comb. Heating/cooling battery

Possible poor indoor climate
For single-zone buildings only

Night time cross ventilation,
exposed concrete and PCM

Reduced cooling loads
Reduced el. demand

Costs for PCM systems

High-efficiency heat recovery units

Low vent. Air heating demand

nth always lower than stated

GSHP preheating/-cooling vent.
air

Renewable heating and cooling
Frost protection

Costs
Higher SFP due to increased Ap

Double (serial) heat recovery unit

Ultra high efficiency, nt = 92%

Costs
Higher SFP due to increased Ap

ELECTRICITY GENERATION

Advantages

Disadvantages

PV panels

Local renewable el. Generation
PV crucial for ZEB level

Moderate efficiency
Costs 25-30 year pay-back time

Battery pack for PV panels

Increases local el. utilization

Limited to residential use?

PVIT panel - photovoltaic+thermal

Reduced roof airea requirement

Higher costs

Combined heat and power (CHP)

Local renewable el. generation

Costs, long pay-back time
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Therefore, enhanced security measures are required. CO; as refrigeration offers high perfor-
mance for DHW production, but has high pressure requirements and a need for higher sink-
side temperature spread in order to reach high performance values. In the project KIWI
Dalgard, a CO.-refrigeration system is applied, which includes a heat recovery for space
heating use and regeneration of the borehole thermal energy storage (BTES). Also in the ONV
project, recharging of BTES with waste heat from cooling operation is used.

4.3.1.2 Building loads and DHW fraction

In high performance buildings, loads are shifting to increased DHW fraction and an additional
space cooling demand, which may yield efficiency gains by desuperheating and simultaneous
operation, if the heat can be used for DHW production. However, with decreasing heating
needs in high performance buildings, also desuperheating potentials may decrease as
evaluated in the project Innsbruck-Vogelebichl.

Another approach to increase the heat pump performance based on lower load conditions are
integrated heat pumps (ORNL prototype development), which offer options of internal waste
heat recovery for another building function, e.g. cooling/dehumidification and DHW use,
require less installation space, can be equipped with more costly, but high performance compo-
nents due to the use for multiple functions and can be equipped with an optimised control.
On the other hand as mentioned above higher DHW fractions are favourable for CO.-
refrigerant, which yields high performance in DHW operation with adapted system design. In
the project Justvik Skole a particular adapted heat emission system has been designed for
COgz-heat pump application.

4.3.1.3 Capacity-controlled heat pumps

Capacity-control for heat pumps instead of on-/off-cycling for the smaller capacity range are
more and more available since the mid of the years 2000 on the European market, while they
have already been longer available on the American and Asian markets for air-conditioning
units. Nowadays, all manufacturers offer capacity controlled heat pumps. In particular speed
controlled compressors with DC inverter offer high COP in part load operation, which has the
perspective of further performance increase. Thus, for nZEB with reduced heating loads a
speed-controlled heat pump may have particular advantages. The evaluation of the project
Herzo-Base confirms high performance of an SPFp of 5.6 of the two central speed-controlled
heat pumps. This, however, also raises the question for the design of speed-controlled heat
pumps for nZEB, which has been investigated by simulations by the HSR Rapperswil for a
single-family nZEB and two heat pump types characterised by the performance map of the
manufacturer.

4.3.1.4 Heat sources

With the use of the building envelope for renewable energy production, also the integration of
the unit as heat source or heat sink is possible. A solar thermal heat source is often found in
combination with an ice-storage as so-called "solar-ice systems". Ice storages, which have
been more commonly used as cold storage in space cooling and air-conditioning, can be built
more compact due to higher latent heat storage density as a normal water storage and
provides a more or less constant heat source temperature around 0 °C in the common design
temperature range of ground-source heat pumps for the heating operation in winter. Thus, this
solutions is particularly interesting for building sites, where boreholes cannot be drilled. Newer
developments also use uncovered solar absorber as heat source, and also photovoltaic-
thermal (PV/T) collectors can be used as a heat source in such system configurations, which
enable a higher area specific use by simultaneous electricity and heat production with the
same collector-area. Performance values in the range of common ground-source systems can
be reached, but costs may still be higher than for ground- or air-source heat pumps. In the
project Riedberg a new system configuration, where the absorbers are installed below the
PV panels on the roof and extracts the heat by convection from the ambiance without direct
use of solar irradiation is applied in combination with an ice-storage. The regeneration of the
ice storage is also considered in the project.
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Also PV/T collectors with particular increased heat transfer from the ambiance are on the
market, which can serve as heat source even with low or without solar irradiation. During
nighttime, these unglazed solar absorbers or PV/T collectors can also be used as heat
exchanger to the ambience due to a missing thermal insulation in contrast to conventional flat
plate solar collectors with glass cover. Cooling capacities of an uncovered solar absorber
for nighttime free- and re-cooling operation have been measured at the solar test rig of HSR
for a prototype absorber with surface wetting. This enables integrating a highly efficient
freecooling function into common system configurations of solar-ice systems, where the ice
storage can be used as cold storage in summer operation.

Instead of an ice storage, uncovered solar absorbers and PV/T collector can also be used in
combination with a ground-source to actively regenerate the borehole thermal heat storage
(BTES) with the heat production in summer. Thus, the ground can be used as seasonal
storage. For the regeneration, also waste heat from space cooling applications in summer,
either from freecooling or recovered from active cooling mode, can be used. This is applied in
several systems of the monitoring projects as KIWI Dalgard, ONV, WGG and Herzo-Base.
The use of waste heat from the cooling operation can further increase the overall performance.
In the building Black&White, no recooler for the cooling operation is installed, and all waste
heat from active cooling is used for space heating or DHW heating or for ground regeneration.
Boreholes can also be coupled to the ventilation air for preheating and precooling purpose,
which has been investigated for the freecooling operation in the twin houses in Boras and
Varberg.

For larger buildings and groups of buildings, a sewer heat recovery offers an alternate and
high temperature heat source. In Brussels the water company Vivaqua intends to equip the
sewers with heat exchangers in the course of retrofit works.

4.3.1.5 Low temperature lift heat pumps

In nZEB the high performance building envelope and the low heating load enable providing the
remaining heating load at low supply temperatures. With good source temperature like deep
or regenerated boreholes, ground-water or sewage water, the temperature lift for the heat
pump can be notably decreased. There are dedicated developments of heat pumps for low
temperature lift, which reach particularly high COP and SPFp values, in laboratory application
up to 10 and in field monitoring up to 7 for space heating.

Especially with increasing cooling demand and with active cooling in office buildings the
temperature lift can become quite low with high temperature emission systems like thermally
activated buildings systems (TABS) or cooling ceilings and low temperature recooling option
like the ground, which may offer high performance opportunities. In case of additional dehumi-
dification loads, the separation of latent and sensible cooling loads is a means to cover the
sensible cooling load at a higher temperature level. A system option for this separation is a
dehumidification by desiccants. Systems are under development or already introduced in the
market.

4.3.1.6 Ventilation systems

For the airtight building envelope of high performance buildings, a ventilation system helps to
guarantee the hygienic air exchange rate. Mechanical ventilation systems have the further
advantage that indoor air quality can be improved by filtering the outdoor air and offer the
possibility to reduce ventilation losses by heat recovery with typical recovery rates up to 90%
with counter flow heat exchangers. Demand controlled ventilation, e.g. by CO;-sensors and
hybrid ventilation as combination with window airing can reduce electricity demand. With
enthalpy recovery, also the moisture of the return air can be recovered for humidification of the
supply air in winter, when the air is often too dry.

For low space heating loads the exhaust air can be an interesting heat source. The original
passive house concept used the ventilation air heating. For heat loads as low as 10 W/m?,
which can be reached in passive houses, the hygienic necessary air exchange rate is sufficient
to heat the building.
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This was implemented by so-called compact units, which combined a space heating by using
ventilation air with the mechanical ventilation system, an exhaust air heat pump and the DHW
heating in one packaged unit. Typical heating capacities for these ventilation air units are in
the range of 1.5 kW. Units were also amended with ground-to-air heat exchangers for air pre-
heating/-cooling, solar thermal DHW production and additional outdoor air source for higher
capacity in the range of 4 kW. Some units incorporated an active cooling function of the supply
air by reverse operation of the heat pump.

4.3.1.7 Storage and control

As mentioned already in chap. 4.2.1 for the all-electric building concept, the heat pump in
combination with storages can be used for electrical load management/demand response in
order to optimise PV self-consumption and grid supportive operation. In the project Berghalde,
evaluations by simulation for the single family house both regarding control for self-consump-
tion and grid-supportive operation have been performed. Also the design of thermal and
electric storage has been evaluated. In the project Herzo-Base, both rule-based and model
predictive control strategies have been evaluated for charging of thermal storages and electric
battery. For the ZEB Living Lab of NTNU different control strategies have been examined
using (predictive) rule-based control to evaluate energy flexibility of Norwegian residential
buildings equipped with thermal storage, among them a price-based and COz-intensity based
control. In the sol[SPONGEhigh project the solar fraction by storage in the building thermal
mass by TABS have been evaluated for different control strategies.

Despite notable increase of PV self-consumption by thermal and electric storage, a larger
design of the component to achieve higher self-consumption at current market conditions
hardly profitable. Thermal storages are currently more economic than electric batteries, but
with increasing market for electric vehicles, also battery prices may come down for stationary
applications in buildings and batteries are also further developed, so new types may appear
on the market. Experiences with a Vanadium Redox flow battery are given in the project WGG.
Also for the prototype development of the facade integrated heat pump in project
COOLSKIN, an autonomous operation with battery storage has been investigated. The fagade
module is covered by PV panels to supply the heat pump for cooling or heating of the adjacent
room. However, also in this project, it was found, that the battery is not profitable at current
market conditions.

As conclusion, using existing storage potentials of DHW and heating buffer storages as well
as the building thermal mass by smart control strategies is currently most economical.

As the ice storage for the use as heat source, latent heat storage incorporating phase change
materials are also introduced into the market as heat storage on use temperature level. The
advantage is a higher energy storage density in the range of the phase change of the material,
which enables smaller storage volumes. In the RoCo prototype development a PCM storage
is used to store the condenser heat from the cooling operation and enable an autonomous
operation without recooling for up to 8 hours. PCM integrated in building material like gypsum
plate can increase the building thermal mass and dampen the temperature increase in the
comfort range of the room temperature, thereby reducing the cooling load. However, the PCM
has to be discharged during nighttime, which is done by cross-ventilation with cooler nighttime
air. This, however, requires sufficient volume flow rates, which often coincides with windless
weather in summer nights. Another option is the integration of PCM storage into the ventilation
systems, where the PCM storage is discharged by nighttime ventilation air and the air is pre-
cooled by passing through the PCM storage during daytime. This needs electricity for the fans,
though.
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4.4 International high performance building and nZEB labels

4.4.1 AT - Klimaaktiv

Klimaaktiv is the climate protection initiative of the Austrian Federal
Ministry for Climate Protection, Environment, Energy, Mobility, Innovation
and Technology (BMK). The focus is to sustain the energy system
transformation, in this context the most important starting points are construction, refurbish-
ment, energy saving, renewable energies and mobility (Klimaaktiv, 2020). The standard klima-
aktiv can be attained for residential as well as for non-residential buildings.

The Energieinstitut Vorarlberg (EIV) and the Osterreichisches Institut fir Bauen und Okologie
GmbH (IBO) are responsible for the development of the klimaaktiv criteria catalogues in
coordination with the klimaaktiv consortium. Besides the energy efficiency, high requirements
for planning, workmanship, quality of building materials and construction as well as central
aspects for comfort and air quality are assessed and rated with this standard. These most
important criteria for ensuring building quality according to klimaaktiv are summarised in the
klimaaktiv basic criteria. If a building fulfils all the basic criteria of klimaaktiv, it receives the
klimaaktiv BRONZE award. The news in the klimaaktiv basic criteria 2017 is the verification
path for the energy parameters according to OIB-6:2015 for all building categories. Klimaaktiv
criteria regard several topics, here listed and described:

¢ Location and assurance of quality

o Infrastructure and facilities close to the site enhance the quality of the location, increase
the user satisfaction and allow a reduction of the traffic emissions

o For assurance of the building quality an air-tightness test according to ONORM EN 1SO
9972 must be demonstrated for each klimaaktiv building. The requirement for new
building is nso < 1.5 1/h

o A separate recording of the relevant energy consumption in order to check the
precalculated required values and detect possible defect (and if necessary eliminate)

e Energy and utilities

o Heat demand and heat supply play a major role in klimaaktiv buildings. Therefore, stricter
limits are set than those of OIB-6. The customer benefits are increased comfort and
reduced energy costs. Numerous examples demonstrate that the savings shown can
already be achieved economically today, especially in large-volume buildings. The
additional costs compared to "normal" new buildings are lower than often assumed and
can be compensated by the energy cost savings.

o A limit is set on the externally induced cooling demand, i.e. the cooling demand that is
exclusively caused by solar input and transmission, in order to optimise the solar input
into the building (in accordance with the requirements of OIB-6). As for the heating
demand, a low demand is a long-term effect and allows the reduction of energy input
and associated pollutant emissions. Klimaaktiv buildings have lower energy input than
the minimum values according to OIB-6.

o Primary energy demand considers several factors. It depends on the length of the
transport route and the energy expenditure for the production of an energy source, too.

o CO:2 emissions are calculated according to OIB-6 (2015).

¢ Building material and construction:

o Itis not permitted to use several materials, which have higher global warming potential
than CO, and which have ecological disadvantages in their production cycle. Moreover,
durable materials are preferred to reduce the ecological costs.

e Comfort and indoor air quality

o Apartments with well-insulated walls and high-quality windows can be very pleasant in
winter, but may lead to overheating problems in summer. With the right planning,
overheating problems in summer and in the transitional periods can be avoided. This
leads to better thermal comfort in the hot season, which avoids the subsequent purchase
and use of electricity-consuming room cooling units.

klimaaktiv
o009
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o Indoor air measurements allow monitoring of the air quality, in order to avoid complaints
and illness. The quality of the construction work is ensured by measurements and proofs.
Further information to the klimaaktiv label is found on the following websites:
https://www.klimaaktiv.at/bauen-sanieren/gebaeudedeklaration.html
Database: http://www.klimaaktiv-gebaut.at/

4.4.2 CH- MINERGIE-A®

MINERGIE@ MINERGIE-A® was establish(-;‘d in 2011_ with the focus on a balance of
! energy consumption and on-site production on an annual basis expressed

as a "weighted delivered" energy characteristic, i.e. a kind of primary

energy metric. In accordance with the other MINERGIE®-labels, the balance boundary has first

been set to the building technology, i.e. a nearly zero energy (nZEB) balance excluding the

electricity consumption for plug load and appliances. With a revision in 2017 the balance has

been extended to total energy consumption including appliances and plug loads and thus

refers to a Net Zero Energy Balance and is thus an NZEB. Until May 2014, only residential

buildings could be certified, but since then, also non-residential buildings categorized as offices

and schools can be certified.

Regarding the labelling criteria mainly the following requirements must be fulfilled

e Legal requirements according to MuKEn 2014

¢ PV annual energy yield must balance the total annual energy consumption of the
building (Net Zero Energy Building)

e  MINERGIE-characteristic < 35 kWh/(m?yr) (residential buildings)

e 100% fossil free for heating and DHW (30% fossil fuels for peak load and for CHP with
fossil fuels with > 35% electric share is still allowed)

¢  Monitoring in every building

Figure 33 gives an overview of the different

Mehr Lehensqualitit, tiefer Energieverbrauch
Meilleure qualité de vie, faitile consommation d'énergie

Annual Py producton Controlled air exchange

MINERGIE-A® features. MINERGIE-A® is one covers oalenergy required

label of the MINERGIE®-label family. The seficonsumption Airtightness
MINERGIE-P®-label is an implementation of the envelope proven by
passive house approach in Switzerland, where _

a focus is set on the highly efficient building  ac o m— 71 Vinimisation of eneray
envelope. The MINERGIE-A® label sets the e

focus on the weighted delivered energy and
implements a nearly zero energy approach.
Since the introduction, more than 1042 certifi- S -
cates for MINERGIE-A® and MINERGIE-A-

ECO® have been assigned (state August 2020).

There is also a database, where basic informa-

tion on the certified buildings are given and a

search routine for different features of the buil-

ding. An evaluation of the building technical SyS- ol energy baance, e g.forresicensa
tems installed in MINERGIE-A® buildings can & #iiwa i evpscun DR (erpert f it
be performed by the MINERGIE®-Database  ®ied e sdpeaions
given below. The MINERGIE-A®-label can also _ o

be combined with the ECO-label (MINERGIE- ~ Figure 33: Characteristics of MINERGIE®-A
A-ECO®), which adds requirements regarding buildings

thermal comfort, health and building materials to the certification criteria.

Further information can be found on the website:

MINERGIE®-labels: https://www.minergie.ch/
Database: https://www.minergie.ch/de/gebaeude/gebaeudeliste/
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4.4.3 CH/DE - Sonnenhaus

The main criteria for a so-called Sonnenhaus, (engl. solar house) is a solar
thermal fraction of at least 50% for the coverage of the space heating and DHW
needs. Regarding this high fraction of solar thermal yield extensive collector
area and storage volume must be installed. Meanwhile, the database contains
more than 300 of these solar houses and the concept is a kind of archetype for
SONNENHAUS  the nearly zero energy building using solar thermal energy. The concept can be
extended to a solar self-sufficient house, where a thermal seasonal storage is
integrated into the house. Several of these self-sufficient solar houses have been realised by
the Swiss solar company Jenni Energietechnik in Oberburg.
The detailed criteria for a Solar house certificate are for
¢ New Buildings:
o Solar coverage: The gross energy demand for space heating and DHW must be covered
by at least 50% solar radiation energy (thermal collectors or PV generators).
o Primary energy demand: Specific primary energy demand of max. 15 kWh/(m?2yr). With
a fossil auxiliary heating, the demand can be max. 30 kWh/(m?yr), to get this value,
usually a solar coverage of over 50% is necessary.
o Insulation standard: The specific heat transmission losses have to be 15% lower than
the German building code EnEV reference building.
e Refurbishment
o Solar coverage: Same as for new buildings
o Insulation standard: The specific heat transmission loss shall not be higher than 15%
than the one of an EnEV reference building
o Primary energy: The specific primary energy demand must be less than or equal to the
one of an EnEV reference building
e Solar house plus
o Solar coverage, primary energy demand according to EnEV and insulation standards are
the same criteria as for normal solar houses
o The annual primary energy demand with calculation of household electricity must be
negative
e Solar house self-sufficient
o Solar house self-sufficient: Criteria of solar house plus a self-sufficiency degree of at
least 50%
o Solar house plus autarkic: Additional to solar house autarkic, the annual primary energy
demand criteria must fulfil the requirement of the solar house plus
Homepage: http://www.sonnenhaus-institut.de/
Criteria: http://www.sonnenhaus-institut.de/wp-content/uploads/1-Sonnenhauskriterien-

2014.pdf
Database: https://www.sonnenhaus-institut.de/solararchitektur/solarhaeuser.html

444 DE - Passive House

The passive house is the archetype of a building with a high performance

!7) building envelope. The main criteria to comply with the passive house standard
f";’“;;: fowse s thus a very efficient building envelope.

The exact definition is according to the Passive house institute (PHI)
A Passive House is a building, for which thermal comfort (ISO 7730) can be achieved
solely by post-heating or post-cooling of the fresh air mass, which is required to achieve
sufficient indoor air quality conditions —without the need for additional recirculation of
air.
This very low space heating demand is expressed in the required space heating demand lower
than 15 kwh/(m?yr). For air heating with the hygienic necessary air flow rate, a heat load lower
than 10 W/m? is required, which is also typical for passive houses.
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Moreover, the renewable primary energy demand (PER) must not exceed 60 kWh/(m?yr).
These requirements refer to a so-called classic passive house standard without renewable
electricity production on-site. Two further categories of passive house certification have been
introduced, denoted as passive house plus and passive house premium, where also
requirements for an on-site electricity production are set as depicted in Figure 34.

The Renewable Primary Energy Demand (PER) (Passipedia, 2015) is the total energy to be
used for all domestic applications (heating, hot water and domestic electricity) evaluated with
the PER factors. PER factors represent how much more renewable energy must be supplied
in order to cover the final energy consumed at the building, including all losses incurred along
the way. They are evaluated with the following formula:

PER — Energy supply from renewable sources

Final energy demand at the building

and considering an hourly resolution in load profiles of the energy demand simulated in the
context of a future scenario (Passipedia, 2015). As renewable sources only photovoltaics, wind
turbines and hydropower are considered. Biomass and all systems based on secondary
energy (e.g. district heat) are taken into account directly in the passive house projecting
package (PHPP), with appropriate parameters for the respective system.

Further information about the criteria is found on the passive house homepage.

Homepage: http://www.passiv.de/
Passipedia: http://passipedia.org
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Figure 34: Requirements for different types of passive houses (source: Passive House Institute)

445 DE - ActivPlus

" aktiv ActivPlus e.V. is a non-profit initiative of planners and scientists with the
LA goal to develop a future standard for buildings and districts and establish

the standard in the building sector and real estate industry.

The ActivPlus building standard aims at a decentralized, consumer-oriented supply of buildings

and districts with renewable energy.

Therefore, especially the networking and usage of synergies including E-mobility shall be

promoted. In parallel, aspects of the living quality such as user comfort, optimised and flexible

room usability, healthy living, well-being, indoor environment and daylight, transparent depic-

tion of the consumption and autonomy at the usage shall be considered and promoted.
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The ActivPlus initiative is linked to the Danish Activehouse Alliance, see chap. 4.4.8, which
itself is also linked to initiatives in other European countries, e.g. the Activehouse NL initiative
in the Netherlands.

Homepage: https://aktivplusev.de
Database: https://aktivplusev.de/aktivplus-haeuser/

4.4.6 DE - Effizienzhaus plus

ZU KUNFI' Bnu The Effizienzhaus plus project is an idea of a very energy-efficient
building, which also shall produce more energy than it consumes

on an annual basis. By definition, the Effizienzhaus Plus level is
reached if the building has a negative annual primary energy demand as well as a negative
annual delivered energy demand. The other requirements are to be fulfilled according to the
EnEV (see chap. 2.2). Note, that the Effizienzhaus plus is not an official certification, yet. This
is just a program of the government to test the performance of these buildings in different
locations. In order to evaluate the concept, an accompanying field monitoring at sites all over
Germany has been performed.
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Figure 35: Building sites (left) and applied system technologies (upper right) and heat pump (lower
right) in the Effizienzhaus Plus accompanying research (source: Erhorn et al., 2015)

For the field monitoring the following boundary conditions have been set:

Balance Boundary: The building footprint is set as the balance boundary. In case of more than
one building on the estate, the on-site generated renewable energy is accounted by the energy
reference area of the buildings.

Other requirements: Best labelled household appliances have to be used. Also, the ratio of
self-consumed and self-generated renewable energy inside the balance boundary is to be
evaluated.

Model buildings and field testing:
https://www.zukunftbau.de/projekte/modellvorhaben/modellvorhaben-effizienzhaus-plus
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4.4.7 DE/AT/CH - DGNB/SGNI/OGNB/I Giitesiegel fur Nachhaltiges Bauen

DGNB (Deutsche Gesellschaft fur Nachhaltiges Bauen (German
(( Sustainable Building Council)) is a certification system for sustainable
buildings, which can be applied internationally. It provides an objective
description and assessment of the sustainability of buildings and urban
. OGNB districts (DGNB System, 2020).

It is crucial that the DGNB does not assess individual measures but

instead the overall performance of a building or urban district (DGNB
S G N | \) System, 2020).

DGNB criteria change based on the end-use of the building and based
on the case of a new construction or existing building. DNGB provides points for six
assessment categories. The final scale (based on the compliance of minimum performance)
ranges from “Bronze” to “Platinum”.

Some of the DGNB platforms refer to the German Institute for Standardisation (DIN) and the
Association of German Engineers (VDI).

The DGNB model provides a full certificate after the project
realisation. Prior to that, a pre-check that sets the targeted
level of quality and a preliminary certificate can be given.
The assessment process is led by a DGNB accredited
accessor. Once the project has been completed, the
documents are submitted to the certification institute,
which evaluates them and subsequently awards the

certificate (Kosanovic¢, Klein, Konstantinou, Radivojevic,
& Hildebrand, 2018).

OGNB the Austrian Society for Sustainable Building
(Osterreichische Gesellschaft fur Nachhaltiges Bauen)
originated from an initiative of the Austrian Institute for
Building Biology and Ecology (IBO (Baubiologie und - ;
6kologie)) and the Austrian Institute of Ecology (OOl
(Osterreichischen Okologie-Instituts)) (OGNB, 2020).

The OGNB addresses companies, institutions and also individuals who are interested in a
higher qualification of the Austrian building industry in the sense of sustainable building.
OGNI (Austrian Society for Sustainable Real Estate Management (Osterreichische Gesell-
schaft fir Nachhaltige Immobilienwirtschaft)) is the Austrian sister label of the German DGNB.
In 2013 the cooperation between OGNB and OGNI started, forming the Austrian Sustainable
Building Platform (ASBP), Austria's representative in the international environment. For the
duration of the cooperation agreement, the OGNI represents the newly founded ASBP in the
World Green Building Council (WGBC), while OGNB represents the newly founded ASBP in
the Sustainable Building Alliance (SBA) and in (International Initiative for a Sustainable Built
Environment) IISBE (OGNB, OGNB Osterreichische Gesellschaft fur Nachhaltiges Bauen -
Partnerschaften, 2020).

SGNI ("Schweizerische Gesellschaft flir nachhaltige Immobilienwirtschaft" — Swiss society for
sustainable real estate management) is as the Austrian OGNI a sister label of the German
DGNB, which is in operation for 10 years in the Swiss market.

4.4.8 DK - Active House (Alliance)

The Active House Alliance is an association of industrial companies, experts and
institutions with a special interest in defining "an Active House: a building that
r‘ combines energy efficiency with specific attention to user comfort, indoor climate
«meoe  @Nd the environment”. The third version of the Active House specifications 3.0 is
currently in use. Besides the key principles, the technical specification can also be

used as a tool for designing nearly Zero Energy Buildings (Eriksen et al., 2013).
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Figure 36 left shows the three basic evaluation criteria comfort, energy and environment, which
can be further divided as depicted in an “active house radar” in Figure 36 left.
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Figure 36: Energy principles for active house (source: Eriksen, Rode and Gillet, 2013)

Comfort aspects to be evaluated are the daylight situation, the thermal environment and the
indoor air quality. The energy criterion is further subdivided into energy demand, energy supply
and primary energy performance. The environmental sub-criteria refer to sustainability of the
construction, the freshwater consumption and the environmental load.

Figure 36 right summarises the design principles of an active house which are the same as for
a nearly Zero Energy Building, combining a good building envelope quality with reduced loads
and good comfort with the use of renewable energy on-site.

The used primary energy factors depend on national definitions and are in the range of 1.8 -
2.7 for electricity and 0.6 - 1 for thermal energy. As shown in the figure, appliances are not
included in the balance boundary. More information can be found on the website:

Homepage: http://www.activehouse.info

Database: https://www.activehouse.info/active-house-cases/

449 UK BREEAM

BREEAM or Building Research Establishment Environmental Assessment
BREEAM Method is used to masterplan projects, infrastructure and buildings

(McPartland, 2016). Five levels of the BREEAM project are possible (from

‘pass” to “outstanding”), based on the achieved score (BREEAM International New

Construction 2016 — Technical Manual, 2016). The considered topic-areas are:

e Responsible construction practices

e Commissioning and handover

o Aftercare

e Visual comfort

¢ Indoor air quality

e Accessibility

e Private space

o Water quality

¢ Reduction of energy use and carbon emissions

e Energy monitoring

e Water consumption

e \Water monitoring

¢ Responsible sourcing of construction products

e Construction waste management

e Operational waste

Among them, only five have to be fulfilled in order to reach the minimum level (“pass”). Among
the latter five, it is not included in the building energy requirement. Indeed, it is required only
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for the last two levels “Excellent” and “Outstanding”. In these cases, the requirement regards
the Energy Performance Ratio.

In the BREEAM International New Construction 2016 it is highlighted that these are minimum
acceptable levels of performance and in that respect, they should not necessarily be viewed
as levels that are representative of best practice for a BREEAM rating level. Moreover, the
assessment and certification process is aligned with the Royal Institute of British Architects
(RIBA) Plan of Work, and consists of five stages: preassessment; design stage assessment;
interim (design) certification; construction stage assessment/review; and final (post-
construction) certification (BREEAM 2017).

Assessment and certification are guided by the independent, trained, and licenced assessor.
Upon successful completion of the procedure, a certificate indicating the level of achieved
quality of a building is issued.

4.4.10 US LEED

LEED (Leadership in Energy and Environmental Design) is a green building rating
system. It is available for several types of buildings, community and home
projects. LEED provides a framework to create healthy, highly efficient and cost-
saving green buildings (LEED). To reach the LEED standard, a set of minimum
requirements has to be met, namely:
o LEED project must be in a permanent location
e LEED project boundary must include all contiguous land that is associated with the project
and supports its typical operations
e Size requirements must be satisfied. Size requirements change with the LEED certification

Different LEED rating levels are based on the amount of points. Points are reachable proving
credits, which are based on how the building is planned, constructed, maintained and
operated. The LEED version 4 platform uses a four-stage rating scale, from “Certified” to
“Platinum” (TerraCast, 2016).

Some of the LEED platforms refer to the —
standards of the American Society of Heating, Desin
Refrigeration, and Air-Conditioning Engineers

(ASHRAE). Moreover, LEED allows for Awmesss,@ @

Location &
Linkages

variety in providing proof of performance, e.g. Featon
for the criterion Thermal Comfort, the project P
team can choose between two options: t0  cmmen (4

(=8 ) gxistamable
=7, s

meet the requirements of the American Quality \Na?”

ASHRAE standard or to meet the \__ /
requirements of the ISO and CEN standards, vatoriats s (MR Waie
which are more commonly used in Europe. iy 1@,\ Efficiency
In LEED for Homes, the certification process o —

accounts: registration, on-site verification Energy &

Atmosphere

throughout the design and construction,

review of documentation and award of the certificate.
In the LEED v4 commercial platform, the rating process consists of the following major steps:
registration, application, review and certification.

4.4.11 US - DOE Zero Energy Ready Home

"A DOE Zero Energy Ready Home is a high performance home that is so
" energy-efficient a renewable energy system can offset most or all annual
energy consumption.”
ZERQO The DOE Zero Energy Ready Home offers leading builders and architects/
mecrseoniove designers a timely solution for differentiating their product from existing homes

76/106



as well as minimum code new homes. It is a new and compelling way to recognize builders for
their leadership in increasing energy efficiency, improving indoor air quality, and making homes
zero energy ready.

The program is built upon the comprehensive building science requirements of ENERGY
STAR® for Homes Version 3, along with proven Building America innovations and best
practices. (U.S. Energy Star Homes Program, "ENERGY STAR Qualified Homes, Version 3
Savings & Cost Estimate summary,” June 2013)

DOE Zero Energy Ready Homes are verified by a qualified third-party and are at least 40%-
50% more energy efficient than a typical new home. This generally corresponds to a Home
Energy Rating System (HERS) Index Score in the low- to mid-50s, depending on the size of
the home and region in which it is built. DOE Zero Energy Ready Homes must meet all DOE
Zero Energy Ready Home National Program Requirements (Rev.05) for homes permitted on
or after 8/11/2015. Homes permitted prior to this time have the option of using the Rev.04
specifications.

DOE ZERH website:
https://www.enerqgy.gov/eere/buildings/doe-zero-energy-ready-home-partner-central
DOE ZERH Resource website:
https://www.enerqgy.gov/eere/buildings/doe-zero-energy-ready-home-resources
U.S. Energy Star home program ENERGY STAR Qualified Homes
https://www.energystar.gov/newhomes?s=mega
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5 Conclusions

The following conclusions and perspectives can be derived from the Annex 49 work regarding
the state of the art of heat pumps in nZEB:

State-of-the-art and implementation of nZEB

At current state of the implementation of the EPBD in EU member states different
implementations and ambition levels of nZEB prevail in EU member states, which differ
both in system boundaries, requirement and linked metrics and limits.

Some EU member states implement a step to higher efficiency in the new built sector, while
others virtually remain at the state that existed before the introduction of nZEB

In the US a similar definition of nZEB as the REHVA definition in Europe has been outline
in a report

Some EU member state's implementations seem not ambitious enough and remain below
the EU benchmark requirements, which have been published as recommendations for the
required nZEB energy performance

Due to the different implementations of the EPBD in the EU member states a comparison
of ambition levels in different countries is hindered and sophisticated.

Thus, a common methodology for comparison of ambition levels would be useful to
motivate less ambitious countries to set higher performance requirements as intended by
the EPBD. The developed methodology in Annex 49 shall thus be further tested and
developed to enable a harmonised comparison.

The all electric building concept, as a combination of heat pump and PV, is an archetype
for nZEB implementation, which is found often in realised nZEB and is a market driver for
heat pumps with the introduction of nZEB requirements in the new built sector.

Perspectives

With the background of rapidly progressing climate change, ambitious energy performance
targets shall be a pursuit for the built environment as intended by the EPBD recast.

Thus, a further harmonisation of nZEB implementations among the EU countries is recom-
mended to support high ambition levels and facilitate standardised system solutions and
technologies across European countries, which can further reinforce the good market
position of heat pumps for nZEB applications

From a general perspective the nZEB concept on annual energy balancing may be
misleading due to load mismatch and seasonal effects (intermittent renewable energy
production, overproduction in summer and lack of production in winter). Adequate Key
Performance Indicators shall be further developed to entirely assess these concepts
including grid-interaction effects in order to optimise local consumption and grid operation.
Limitations to reach nZEB requirements, particularly in larger buildings, may be overcome
by moving the nZEB assessment boundary from one to groups of buildings and
neighbourhoods. Thereby, the ambition levels for single buildings shall still be high, but
load and on-site production profiles and balancing, both for thermal and electric loads, can
be facilitated to reach ambitious targets. Research shall thus be extended to groups of
nZEB and neighbourhoods
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7 Abbreviations

Abbreviation Meaning Remark
A/W-HP Air-to-water heat pump
AS Air source
ASBP Austrian Sustainable Building Platform
BBR Swedish Building regulation
BC Boundary condition
BGF Gross floor area Bruttogeschossflache
BMK Austrian  Federal Ministry for Climate | Bundesministerium fir
Protection, Environment, Energy, Mobility, | Klimaschutz, Umwelt, Energie,
Innovation and Technology Mobilitat, Innovation und
Technologie
BPIE Buildings Performance Institute Europe
BREEAM Building Research Establishment UK sustainable Building label
Environmental Assessment Method
BRI gross volume Brutto Rauminhalt
BSB electric energy demand (non-residential | Betriebsstrombedarf
sector)
BelEB lighting energy demand Beleuchtungsenergiebedarf
BTES Borehole Thermal Energy Storage
BTO Building technology office Office of DOE
CEN Committee Europeen des Normalisation EU Standardisation
Organisation
CHP Combined Heat and Power
COP Coefficient Of Performance
CVHD Compact ventilation and heating device Kompaktgerat
DC Direct Current
DGNB German Sustainable Building Council Deutsches Glitesiegel fur
nachhaltiges Bauen
DHW Domestic hot water
DIN German Institute for Standardisation Deutsches Institut fliir Normung
DOE US Department of Energy
DSH Desuperheater
DSM Demand Side Management
EC European Commission
ECBCS Energy conservation in Buildings and | iEA TCP, now called EBC
community systems
EEB final energy demand Endenergiebedarf
EIV Energy-Institute Voralberg
EnEV German Energy saving directive EnergieEinsparVerordnung
EPBD Energy Performance of Buildings EU Directive
EPC Energy Performance Certificate
ErP Energy related Products EU Directive also call
Ecodesign Directive
EU European Union
GFA gross floor area
GSHP Ground source heat pump
GWP Global warming potential
HD Heat demand
HEB Final energy demand for HYAC
HERS Home Energy Rating System
HHSB Household electricity demand
HP Heat pump
HPP Heat Pump Programme
HPT Heat Pumping Technologies IEATCP
HTEB Maximum allowed final energy demand
HVAC Heating, Ventilation and Air-conditioning
HWB Space heating demand Heizwarmebedarf
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Abbreviation Meaning Remark
IBO Building Biology and Ecology Baubiologie und -6kologie
IEA International Energy Agency
IISBE International Initiative for a Sustainable Built
Environment
IPEEC International Partnership for Energy Efficiency
Cooperation
ISO International Standardisation Organisation
JRC Joint Research Centre
KEB Space cooling demand Kihlenergiebedarf
Kfw Kreditanstalt fur Wiederaufbau German bank for funding high
performance buildings
LCA Life cycle assessment
LEED Leadership in Energy and Environmental | US sustainable building label
Design
MFH Multi-family house
MS (EU) member state
MuKEn Model ordinance of the cantons in Energy
MVHR mechanical ventilation heat recovery
NREL National Renewable Energy Laboratory
NS Norge Standard
nZE
nZEB
NZEB Net Zero Energy Builiding
OGNB Osterreichische Gesellschaft fir Nachhaltiges | Austrian Society for
Bauen Sustainable Building
OGNI Austrian Society for Sustainable Real Estate | Osterreichische Gesellschaft
Management far Nachhaltige
Immobilienwirtschaft
oiB Austrian Institute of Construction Engineering | Osterreichisches Institut fiir
Bautechnik
(e]e] Austrian Institute of Ecology Osterreichischen Okologie-
Instituts
ORNL Oak Ridge National Laboratory
OVN Otto Nielsens vei Monitoring Building in NO
PCM Phase change materials
PE Primary energy
PEB Primary energy demand
PER Primary Energy Renewable
PH Passive house
PHPP Passive House Planning Package Passivhaus-Projektierungs-Paket
PV Photovoltaic
PVIT photovoltaic/thermal
RE Renewable energy
RED Renewable energy Directive EU-Directive
REHVA Federation of European HVAC associations
RES Renewable Energy Sources EU Directive
RIBA Royal Institute of British Architects
RK Reference climate
SBA Sustainable Building Alliance
SC Space cooling
SCOP Seasonal coefficient of performance
SFH Single family house
SFP Specific Fan Power
SGNI Swiss Society for Sustainable Real Estate | Schweizerisches Gutesiegel
Management fur nachhaltige
Immobilienwirtschaft
SH Space heating
SHC Solar heating and cooling IEATCP
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Abbreviation Meaning Remark
SIA Swiss society of engineers and architects
SK Site climate
SMHI Swedish Meteorological and Hydrological
Institute
SPF Seasonal performance factor
SS Swedish standard
ST Solar thermal
TA treated area Konditionierte Flache
TABS Thermally activated building system
VAV Variable air volume
VDI Assaociation of German Engineers Verein Deutscher Ingenieure
VSD Variable speed drive
WBGC World green building council
WGG Willibald Gluck Gymnasium School of monitoring project DE
WWWB domestic hot water demand Warmwasserwarmebedarf
ZEB Zero Energy Building
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A Appendix

A.1 Austrian residential and office buildings case study

A single-family house (SFH) and a multi-family house (MFH) are considered as case studies,
to investigate in detail the nZEB requirements, considering several scenarios for each building
regarding the thermal envelope and system. Results are obtained using the tool GEQ, version
2020.4 (GEQ Zehentmayer Energieausweis Software, 2020), where the OIB-6:2015 is
implemented. The National Plan 2018 is considered. Therefore, U-values, primary energy
factors (non-renewable, renewable and total), the renewable share and the percentage of
electricity demand shares that can be covered by photovoltaics are slightly different than those
shown in Section 2.1.5. (Compare tables Table A 12 and Table A 13 for the maximum share
of electricity covered by PV, Table A 14 and Table A 15 for U-values, Table A 16 and Table A
17 for primary energy conversion factors).

A.1.1 Single-family house description

The single-family house described in the Reference Framework of IEA SHC Task44/ HPP
Annex 38 (Dott et al., 2013) is considered as case study. Geometric and energetic properties
of the house are depicted in Table A 1.

Table A 1: Geometric and energetic properties of the single-family house (Dott et al., 2013)

U [W/(m?K)] d [cm]
External wall 0.182 42.8
> Basement 0.135 50.5
- Roof 0.162 25.5
n L Windows 1.00 g=0.46
L Gross floor area BGF [m?] 171
Gross Volume BRI [m3] 558
Characteristic length {c [m] 1.35

Three variants of the SFH are created to meet the minimum envelope requirement (U-values
and heating demand (HWB)) according to the “fecee path”, the “EEB path” and the Passive
House standard. Properties of walls and windows of the three variants are shown in
Table A 2. The geometrical properties of the building change for the different variants because
of the different insulation thickness.

Table A 2: Geometric and energetic properties of the SFH for the three considered envelopes (“fcee
path”, "EEB path” and Passive House)

feee path EEB path Passive House
U [W/(m3K)] d [cm] U [W/(m3K)] d[cm] U [W/(m3K)] d[cm]
External wall 0.248 38.3 0.148 47.8 0.148 47.8
Basement 0.356 33.5 0.135 50.5 0.135 50.5
Roof 0.176 23.5 0.122 325 0.111 35.5
Windows 1.00 g=0.46 0.73 g=0.42 0.73 g=0.42
Gross floor area
BGF [m?] 167 175 175
Gross Volume
BRI [m] 546 572 572
Characteristic
length £ [m] 1.38 1.41 1.41

The envelope presented in Table A 2 leads to the HWB shown in Table A 3.

The calculations are performed with GEQ, an Austrian energy certificate software and with the
Passive House Planning Package (PHPP)(Feist, 2007), which allows the verification of the
Passive House standard. In the case of GEQ, the heating demand (HWB) is shown for both,
the reference climate (HWBgk) and the standard climate (HWBsk). As explained in Section
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2.1.5, the HWB requirement refers to the reference climate without considering the mechanical
ventilation heat recovery (HWBRetrk).

The minimum requirements are the following:

3 kWh
HW Binazx,2020,f655 = 16+ (1 + Z) = 5078 5
3 kWh
HWBynax 2020505 = 10 (1 +1) = 31.28 i
kWh
HWBmax,pupp = 15 miya

Table A 3: Heating demand (HWB) for the three considered envelopes of the single-family house.
Comparison between GEQ calculation results (reference and site climate) and PHPP

feee path EEB path Passive House
GEQ HWBRrerrc  [KWh/(m2crayr)] 50.7 31.2 30.7
HWBRrersk  [KWh/(m2crayr)] 59.2 36.8 36.2
PHPP HD [KWh/(m2aTyr)] 53 36* 15*%
* In spite of similar envelopes of “EEB path” and Passive House, they have different HD because
MVHR is only required in case of the Passive House and HWBRer rk and HWBRrer,sk exclude MVHR

A.1.2 Multi-family house description

Similarly, the multi-family house described in the FFG project SaLiH! (Ochs et al., 2020) (see
properties in Table A 4) is considered with three different variants to investigate the minimum
envelope quality to meet the requirements according to the “feee path”, the “EEB path” and the
Passive House standard (see Table A 5).

Table A 4. Geometric and energetic properties of the multi-family house (Ochs, et al., 2020)

U [W/(m?K)] d [cm]
External wall 0.143 45.0
Basement 0.342 30.0
Roof 0.111 55.0
" East, West 0.93 Qvalue = 0.53
= North, South _
_§ (Typel) 0.88 Qvalue = 0.53
= North, South _
(Typel) 0.77 Qvalue = 0.53
Gross floor area
BGF [m?] 1012
Gross Volume
BRI [m?] 2923
Characteristic
length {c [m] 231
The resulting heating demands (HWB) are shown in Table A 6.
The minimum requirements are the following:
3 kWh
HWBmax,ZOZO,fGEE - 16 " (1 + Z) - 3651 méFA 2
3 kWh
HWBmax,ZOZO,EEB = 10 " (1 + Z) = 224‘0 méFAa

kWh
mira

H WBmax,PHPP =15
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Table A5: Geometric and energetic properties of the MFH in the three considered envelopes (“fcee
path”, "EEB path” and Passive House)

fcee path EEB path Passive House
U [W/(m2K)] | d[cm] [U [W/(m2K)] d[cm] |U [W/(m2K)] d[cm]
External wall 0.266 35.0 0.143 45.0 0.116 50.0
Basement 0.342 30.0 0.184 40.0 0.203 38.0
Roof 0.189 40.0 0.111 55.0 0.111 55.0
East, West 1.39 g=0.46 0.93 g=0.53 0.93 g=0.53
%]
= North, South 1.27 ~0.46 0.88 ~0.53 0.88 =0.53
g (Typel) . g=0. . g=0. . g =0.
= North, South
' 1.04 =0.46 0.77 =0.53 0.77 =0.53
= (Type2) g g g
Gross ﬂo[chTr]zfilrea BGF 083 1012 1026
Gross V[rf;jg]me BRI 2811 3085 3129
Character;:ac length £ 234 242 243

Table A 6: Heating demand for the three considered envelopes of the multi-family house. Comparison
between GEQ (reference and site climate) and PHPP results

feee path EEB path Passive House
HWBRrerrk  [KWh/(m2Zcrayr)] 36.4 22.3 20.8
GEQ HWBRrer sk  [KWh/(m2crayr)] 43.0 26.8 25.1
PHPP HD [KWh/(m?2aTyr)] 54 35¢* 15*%
* In spite of similar envelopes of “EEB path” and Passive House ,the HD differs because MVHR is
necessary only in the Passive House (see also the SFH example)

A.1.3 Results for SFH and MFH

The single-family house described in the Reference Framework of IEA SHC Task44 / HPP
Annex 38 (Dott et al., 2013) and the multifamily house of the FFG project SaLiH! (Ochs et al.,
2020) are used as a basis for the investigations. In both, the single and the multi-family houses,
the envelope according to the “feee path” presents poorer envelope quality compared to the
original building (Table A 1, Table A 4). On the contrary, envelopes for “EEB path” and Passive
House standard are nearly the same and they present improved U-values compared to the
original building (only slightly improved in case of MFH). The main difference between the
“‘EEB path” building and the PH is the implementation of the mechanical ventilation heat
recovery (MVHR) in the latter one.

In all case studies, a system with air/water HP and DHW storage (outside of the heated space)
is considered. Various modifications are applied in order to meet the minimum nzZEB
requirements.

In the case of “feee path” envelope in both cases, the SFH and the MFH, a photovoltaic (PV)
system is required to fulfil the feee requirement (feeerk 2u < 0.75). Furthermore, in the SFH it is
necessary to consider the DHW storage inside the heated space and with loss coefficient of
1.2 kWh/d (instead of the standard value of 2.4 kwh/d).

In the case of the “EEB path” envelope, no further modifications of the system are required
because the EEB requirement is already more than fulfilled.

The achieved EEB and the maximum limit are shown in Table A 7 for both cases:

Table A 7: Comparison between the achieved EEB (RK) and the maximum EEB limit (zul,RK) for the
SFH and MFH [GEQ]

EEBRrk [kKWh/(m?yr)] EEBurc [KWh/(m2yr)]
SFH 35.7 39.1
MFH 35.9 40.4
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Table A 7 shows that in order to meet the minimum EEB requirement, a HVAC system with
lower efficiency would be possible, especially in case of MFH or in other words, with a standard
HVAC system it is easy to fulfil the EEB requirements.

In the cases following the “EEB path” the choice of the heating technology has minor
importance in order to fulfil the nZEB requirements, thanks to high-quality envelope. The EEB
and PEB are fulfilled in almost all cases of the investigated systems and configurations.
However, if the “fcee path” is chosen, the requirements on the system efficiency (heating, DHW,
ventilation and renewable) have major importance, due to the lower envelope quality.
However, only moderately improved HVAC efficiency, MVHR, or a relatively small PV (or ST)
system is sufficient in order to fulfil the feee requirement.

The primary energy (PEB) is a requirement to reach the nZEB level according to EPBD but
seems to be not mandatory anymore from 2019 on (as it is only one option out of three that
can be chosen to fulfil the renewable source of energy requirement, see above). According to
the National Plan (2018), the limit of 41 kWh/(m?yr) refers to the evaluation without appliances
and with the non-renewable primary energy conversion factor of fpe non-re = 1.02 for electricity.
It is remarkable that the previous version of the OIB-6 and National Plan indicated the total
primary energy limit of 160 kWh/(m?yr) considering appliances. The total primary energy
conversion factor for electricity was fpenon-re = 1.91. Table A 8 shows the resulting PE for the
case studies with different primary energy factors and with or without appliances.

Table A 8: Primary energy for the three considered cases of SFH, evaluated with and without
appliances and with total and non-renewable primary energy conversion factors of 2014 and
2018

Limit values

on PE feee path EEB path Passive House

fee (= 1.91) PEmax (2014) =
with appliances | 160 KWh/(m?2yr) 68.7 75.3 65.9
PE fre (= 1.91)
[kWh/(m?yr)] | w/o appliances 37.4 43.9 34.5
frenem. (=1.32) PEmax (2018) =
w/o appliances | 41 kWh/(m?yr) 29:8 30.4 23.8

A sensitivity study has been carried out for each of the three envelope qualities changing

e the HVAC system (direct electric heating and heat pump, with and without MVHR)
¢ the type and performances of heat pumps (HP)

o the heat emission system

e the DHW system

e and the PV system

The discussion of the results is presented for the SFH building, results with respect to the
trends apply also for the MFH.

The use of a direct electric system doesn’t allow to achieve the nZEB requirements through
the “feee path” because feee =1.96 while feeerk,u = 0.75. Even the implementation of MVHR
and/or photovoltaic or solar thermal system is not sufficient to fulfil the feee requirements (feee
with MVHR = 1.68, feee with 5kWp of PV panels = 1.65, fgee with MVHR and 5kWp of PV
panels = 1.38). Direct electric heating is theoretically possible in combination with the “EEB-
path” envelope. However, it remains unclear how the constraint of the system expenditure
coefficient (eawz = 1/SPFsys) that is mentioned in OIB-6 will be implemented by the local
authorities. Further clarification is required, here.

In several cases with heat pumps with standard settings, fcee is only slightly higher than the
maximum limit of 0.75 (e.g. 0.76). In these variants, minor improvements of the envelope or
changes in the system will allow achieving the nZEB requirements.

Some examples are:
¢ Change from a modulating heat pump to a start/stop heat pump [sic!]?

3 Due to the improved definition of feee in H5056:2019 the contradiction should be removed.
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e Add photovoltaic modules

¢ Increase the nominal power of the heat pump (while the change in the COP does not have
any influence)

e Increase the insulation of the building envelope (few centimetres are enough)

e Add a MVHR or increase the efficiency of the MVHR

Assuming a system based on air/water heat pump or ground/water heat pump, the choice
among monovalent, bivalent alternative or bivalent parallel mode (considering a second
electric system in case of bivalent) has only a minor influence on the results with respect to
achieving the nZEB requirements. The same applies for the choice of the bivalent temperature
and the nominal power of the heat pump. Through the “feee path”, the main parameter results
to be the modulating or start/stop operation. In several cases the start/stop operation allowed
to fulfil the feee requirement, while the modulating heat pump led to feee > 0.75. This trend is
confirmed by the following example: two air/water heat pumps from the product list given in
GEQ are considered. Their properties are:

1. Nominal power = 20.6 kW; COP (A7/W35) = 3.4; not modulating

2. Nominal power = 8.7 kW; COP (A7/W35) = 5.5; modulating

When all other parameters are kept equal, the first heat pump leads to feee = 0.75 (i.e. nZEB

level reached), while the second one (although the COP is higher and HP is a modulating one)
leads to fecee = 0.76 (nZEB level not reached).

Solution 1

. PEBses,nem=38.5< 41 kWh_f{mza]

Starting point:

*  fee=0.58<0.75

* "EEB path” envelope I .

+ Exhaust airfwater HP for H + DHW
+ Modulating PEBugsnern. = 38.5 < 41 kWh/(m?)
* 4.7 kW *  EEB=41.9>39.1 kWh/(m?a)

* COP 1.8
* DHW storage
* Floor heating 35/28°C

Solution 2

-3 cm in each wall {floor, ceiling, external walls) =

. PEBses, nem.= 40.5 < 41 kth{mza}
*  fere=0.61<0.75

Figure A 1:Representation of achieving nZEB through the “fGEE path” instead of the “EEB path” (nZEB
not achieved

In the case of “EEB path” with high insulating envelope, the heating demand is already so low
that also systems with moderate efficiency allow to reach the nZEB level. As a matter of fact,
the critical point in the “EEB path” is the HWB limit. In some particular cases when EEB >
EEBnmax, it is theoretically possible to switch the path and achieve the nZEB level through the
“feee path” (i.e. the HWB limit is already fulfilled and reaching fecee lower than feee rk zul IS relative
easy to achieve). An example is shown in Figure A 1 for the SFH where it is even possible to
reduce the envelope quality because following the “EEB path” the HWB is already so low that
the limit of feee lower than 0.75 is already reached.
It has been noted that for every case where nZEB was achieved through the “EEB path”, the
“feee path” was fulfilled, too. While the opposite is not true, as proven by the example in Figure
5. This means that the “EEB path” will very likely never be chosen because it requires a higher
investment effort than the “feee path”. When the same system technology is considered, the
“fcee path” allows achieving nZEB with lower quality envelopes and thus with lower investment
costs.

97/106



Consequently, the building with the minimum requirements according the “EEB path” presents
a lower EEB than the building with the minimum requirements according to the “feee path”.
Nevertheless, results show that the EEB according to the two paths are in many cases of the
same order of magnitude. Furthermore, it is noteworthy that, when different system
technologies are compared such as heat pumps, MVHR or PV, the “fcee path” might lead to
lower EEB. For example, the minimum building according to the “EEB path” can have higher
EEB than a building following the “fcee path” having a less performant envelope and a PV
system.

Alternatively, a reduction of the HWB in the “feee path” building allows lower quality HVAC
systems and/or reduced PV system size. Table A 9 shows different ways to achieve nZEB
level by reducing the HWB with respect to the maximum possible of (around) 50 kWh/(m2 yr)
by 5 kKWh/(m2yr) or 10 kWh/(m?yr), respectively. The required HVAC configuration and the
required size of PV to reach feee < 0.75 are also shown in Table A 9.

Table A 9: Example of different ways to achieve nZEB level through the improvement of the building
envelope and consequently possible reduction of the HVAC system quality and PV system

size
Possible reduction of the HVAC
Name [kwﬁxvrr?zyr)] = Z)\ﬁt:;; t(; lrJn ality / PV aregv feee [kWE/I(Egzyr)]
k| s [CpvsomssoEr | o | o | o
iy | o P e | on | o
(;‘j/f/EB%thb) 40 . no PV 0.73 36.9

The second case (feee path (HWB40 a)) shows the great influence of the PV system on the
feee: a PV system of only 1 kWp allows to pass from a feee = 0.77 (reached with reduced quality
of the DHW system without PV) to 0.72 (reduce quality of the DHW system and 1 kWp PV). It
is remarkable that there is no correlation between feee and EEB and thus PEB.

Similar results, but less pronounced, are reflected in the MFH case study. In the MFH case
study, more systems (especially the heat pump-based) allow to fulfil the feee requirement,
reaching the nZEB level. In these cases, the difference between modulating and start/stop
heat pumps has an insignificant influence.

The limit on the primary energy excluding household electricity and considering the non-
renewable primary energy factor (equal to 41 kWh/(m?yr)) was rarely reached in the several
considered case studies. Exceptions are cases with direct electric heating.

A.1.4 Conclusions

From the studies described in sections A 2.1 and A 2.2 it can be understood that the “fsee path”
is usually the easiest way to reach the nZEB level. As a matter of fact, when the “EEB path” is
fulfilled, the “feee path” is fulfilled too, while the opposite does not apply.

The choice of the system technology (heating system, DHW storage, ventilation, PV system)
is relevant in the case of the “fecee path”. Contrarily, the “EEB path” requires a high quality
envelope, so that the system is of minor importance.

When the same system technology is considered, the “EEB path” leads to a lower EEB than
the “fecee path”, nevertheless the two are in the same order of magnitude and are not where
‘real” nZEB should be. Inerestingly, an opposite trend can be verified when different system
technology is considered (e.g. implementation of PV system in the building following the “feee
path”).

The two ways to reach nZEB (Dual Path) together with a simplified weighting of the effort are
shown in Figure A 2. It is noteworthy, that the HVAC system requirements of the fcee path are
tighter, but still moderately performing HVAC systems are sufficient to reach the nZEB
requirement and thus both paths are not sufficient with respect to the ambitious climate
protection goals.
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tigh
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Figure A 2: Schematic of “foee path” and “EEB path” with the required effort, values refer to the SFH
case study (according to OIB-6:2019).

The possible change of path (described in Figure A 1, too) is possible only in one direction.
Figure A 3 shows a simplified representation of possible ways of improving either the envelope,
applying MVHR or using PV in order to achieve the nZEB requirements according to the two
paths. To reach nZEB level following the feee path with the maximum allowed heating demand
of around 50 kWh/(m? yr), either MVHR is required or a 1.4 kWp PV system. With improved
envelope quality with around 35 kWh/(m2 yr) feee requirements are met without MVHR or PV.
A further improved envelope, which results in a heating demand of 30 kWh/(m2 yr) fulfils the
requirement of both paths. Interesting: below 20 kWh/(mz2 yr) for the reference heating demand
(HWBer, i.e. without MVHR) is only theory and will not appear in reality (see discussion of
classes above). Note: Values are only approximated referring to the SFH case study with
standard air/water HP.

faee EEB Envelope MVHR PV

HWB, ¢ HWB
50 375 1.4 kW,
45 325 0.8 kW,
40 27.5 0.2kw,
35 22.5
30 17.5

25 125
20 7.5
15 2.5

Figure A 3:Representation of the PV peak power required in correlation with the HD (and the possible
path). Values (approximated) refer to the SFH case study
The MVHR allows to decrease the heating demand (acc. to OIB-6 by some 12.5 kW/(m? a))
and therefore it allows HVAC systems with lower efficiency. Better envelope qualities require
less PV peak power to reach the limit of 0.75 for feee. Envelope qualities that allow nZEB
according to the “EEB path” do not require any PV. This relationship between heating demand
and PV power is shown in Figure A 4. Only buildings with feee = 0.75 (maximum allowed value)
are shown in the diagram. Increasing the HD (x-axis), the EEB increases, too (left y-axis) when
no PV is required. For higher values of HD, the implementation of PV system is needed in
order to fulfil the feee limit. The PV peak power increases with the HD, while the EEB
decreases. It can be seen that there is no direct correlation between EEB and feee. Remark:
the PV own-consumption is overestimated according to OIB-6.
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Figure A 4:Correlation between HD and EEB (left y-axis) and between HD and PV peak power (right y-
axis) for building with fGEE = 0.75 (maximum allowed value).

A.1.5 Office buildings case study

For office buildings a case study was performed based on a virtual building, that was originally
used as a reference building in a research project (Heimrath, Lerch, Mach, Ramschak, & Fink,
2018). The three-storey building consists of 18 office rooms with a useful floor area of 30 m2
each (see Figure A 5). The gross floor area is 806 m2 and the gross heated volume, which is
indicated by a red frame in the figure, is 2880 m3.

As for the case study for residential buildings, the building was implemented into the software
tool GEQ (Zehentmayer Energieausweis Software, version 2019.1), which was used to
perform calculations for different variants of the building envelope and the HVAC system. It
has to be noted, that the last version of the standard that was implemented in this software is
the OIB-6:2015. In the meantime, primary energy factors (non-renewable, renewable and
total), the renewable share and the percentage of electricity demand shares that can be
covered by photovoltaics have been changed in the latest version of the OIB (OIB-6:2019).
Therefore, the presented results here are not based on the latest values (see section above).

450 250 250 450
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R ]
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" I []
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[ o [ ] ]
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350 12960
19200 350 7
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Figure A 5:0ffice Building used for the case study
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In the first step, the building was used in its original state concerning the building’s envelope,
as it was available from the previous project. With these assumptions, the building has a
characteristic length of [, = 2.27. The average room height (gross volume divided by gross
floor area) is 3.45, therefore the HWB limit according to the National Plan (which is related to
a room height of 3 m) can be corrected by a factor of 1.15. This results in the following limits
for HWBRef,RK:

i. EEB- path: HWBret g = 26.67 kWh/(m2a)
ii. fGEE' path: HWBRef,RK,zm =42.68 kWh/(mZa)

The calculated HWBRretrk is 29.8 KWh/(m2a), therefore the nZEB-requirements cannot be ful-
filled following the “EEB- path” with this configuration of the building. Table A 10 shows the
results of different variants of HVAC systems that were calculated in order to assess the
possibility to fulfil the requirements of the feee-path. The preparation of domestic hot water
(DHW) was chosen to be done with decentralized electrical boilers, which is quite common in
this type of buildings.

The first variant A uses a gas boiler for heating the building, resulting in a feee = 0.72, which
already meets the limit of 0.75. However, the building does just barely not meet the non-
renewable primary energy limit of 84 kwh/(m2a) (acc. to National Plan 2018) and is therefore
not a nZEB according to the definition. It has to be noted, that with the new values of the (non-
renewable) primary energy conversion factors, which were published with the latest OIB-
6:2019, also the PEB requirement would be fulfilled for this system (fee n.em for gas was reduced
from 1.16 to 1.10).

An interesting aspect is that the resulting feee is improved if the building is equipped with an
additional cooling system. For example, feee is reduced from 0.72 to 0.69 from variant A to B
by adding cooling. Here this even leads to a fulfilment of the nZEB-definition, as also
PEBhes+geiesnem drops below the limit (which can be increased by 16 kWh/(m2a), if cooling
technology is used, see Table 4). The building has a calculated cooling demand of
20 kWh/(m?2a).

Table A 10: Selection of variants for the office building, original building envelope

Variant |  Heating DHW Agsgt'grga' ["k':’,vvﬁfr;f';;"] foee PE?k”\,E\;‘ﬁj‘;iz]"-ef”' nZEB?
A Gas El. decentral 29.8 0.72 84.31 ¢
B Gas El. decentral | Cooling 29.8 0.69 92.61 M
C Pellets El. decentral 29.8 0.72 53.61
D Air/water-HP | El. decentral 29.8 0.72 61.51
E Air/water-HP | El. decentral | Cooling 29.8 0.70 69.7 M

@ limit can be increased due to cooling

If the building is heated with a pellet boiler (variant C) or an air/water heat pump (D) both the
feee and the PEB limit can be met. Also if a heat pump is used, additional cooling improves the
feee (E compared to D).

With the considered HVAC systems and a better building envelope that would fulfil the
requirements of the “EEB- path”, it is quite obvious that also the “feee- path” would be fulfilled.
Thus it can be stated, as already mentioned for the residential buildings, that the “feee- path”
is probably the one that is easier to achieve.

An interesting question is, how the fulfilment of the nZEB requirements is influenced if the HWB
requirement of the “feee- path” is only just met. For this purpose the building envelope was
changed accordingly, resulting in a [, = 2.24 and a HWBRretrx Of 42.6 kWh/(m2a), which is
exactly the limit according to the “feee- path”. The results for this configuration are shown in
Table A 11 for different systems using an air/water heat pump, again with decentralized
electrical boilers for DHW.

In variant F it can be seen that the nZEB requirements cannot be met just by applying an
air/water heat pump, as the fcee limit of 0.75 is exceeded. In variant G a photovoltaic plant with
7 kW, is added, which is a size that should easily fit onto the available roof space of the
considered building.
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The calculation procedure considers the use of PV with a percentage of the electricity demand
that can be covered by PV, therefore reducing both fcee and PEB, making the building a nZEB
according to the definition.
As shown before, if cooling is added, fcee is reduced in variant H compared to F. However, the
limit of 0.75 is still not reached in this case, which could for example be achieved by adding

additional PV (variant I).

Table A 11: Considered variants for the office, building envelope fulfilling the limit acc. to the “fcee- path”

: : Additional | HWBRefrk PEBHEB+BelEB,n.ern. 5
Variant Heating DHW system [kWh/m?2a] feee [kWh/m?2a] nZEB~
F Air/water-HP | El. decentral 42.6 0.82 66.4 ®
G Air/water-HP | El. decentral | PV 7 kW, 42.6 0.73 52.04 >
H Air/water-HP | El. decentral Cooling 42.6 0.78 73.26 M ¢
; . Cooling, )
| Air/water-HP | El. decentral PV 7 KW, 42.6 0.72 61.81

@ limit can be increased due to cooling
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A.2 Tables for the application of OIB-6

Table A 12 and Table A 13 show the maximum share of the electricity demand that can be
considered covered by photovoltaic energy according OIB-6:2019 and OIB-6:2015,

respectively.

Table A 12: Maximal accountable PV energy [OIB-6:2019]
Components Coverable share without battery
Lighting energy demand 25 %
Humidification energy demand 25 %
Space heating energy demand 25 %
Cooling energy demand 50 %
Hot water energy demand 50 %
Household and operating electricity requirements 75 %
Auxiliary energy demand for space heating and hot water 75 %
Auxiliary energy demand for solar thermal energy 100 %

Table A 13: Maximal accountable PV energy [OIB-6:2015]

Components

Coverable share without battery

Space heating, heat supply energy demand 25 %
Space heating, auxiliary energy demand 75 %
Hot water, heat supply energy demand 50 %
Hot water, auxiliary energy demand 75 %
Cooling energy demand 25 %
Household and operating electricity demand 75 %
Solar thermal, auxiliary energy 100 %
Lighting energy demand 0%

Humidification energy demand 0%

Table A 14 and Table A 15 show the maximum U-values according OIB-6:2019 and OIB-

6:2015, respectively:

Table A 14: Limits of U-values for each type of wall [OIB-6:2019]

Component U [W/(m?2K)]

1 | Wall against outside air 0.35
2 | Wall against unheated or not developed attic rooms 0.35
3 | Wall against unheated, frost-free parts of building (except lofts) and against garages 0.60
4 | Walls against the ground 0.40
5 | Walls (partition walls) between residential or operating units or conditioned staircase 1.30
6 | Walls against other structures or neighbouring land or building site boundaries 0.50
7 | Walls (partition walls) within residential and business units -

8 Windows, window doors, glazed doors in residential buildings towards outside air 1.40
9 | Windows, window doors, glazed doors in non-residential buildings towards outside air 1.70
10 | Other transparent vertical components towards outside air 1.70
11 | Other transparent horizontal or inclined components towards outside air 2.00
12 | Other transparent components vertical against unheated building parts 2.50
13 | Roof window towards outside air 1.70
14 | Doors unglazed, towards outside air 1.70
15 | Doors unglazed, against unheated building parts 2.50
16 | Gates Rolling doors, sectional doors like towards outside air 2.50
17 | Inner doors -

18 | Ceilings and roofs in each case towards outside air and against roof areas 0.20

(ventilated or uninsulated)

19 | Ceilings against unheated building parts 0.40
20 | Ceilings against separate living and operating units 0.90
21 | Ceilings within residential and operational units -

22 | Ceilings over outdoor air (for example over passages, parking decks) 0.20
23 | Ceilings against garages 0.30
24 | Floors touching the ground 0.40
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Table A 15: Limits of U-values for each type of wall [OIB-6:2015]

Component U [W/(m?K)]

1 Wall against outside air 0.35
2 Wall against unheated or not developed attic rooms 0.35
3 Wall against unheated, frost-free parts of building (except lofts) 0.60
4 Walls earth touched 0.40
5 Wallls (partition walls) between residential or operating units or conditioned staircase 0.90
6 Wallls against other structures at land or building site boundaries 0.50
7 Walls on small surfaces against outside air 0.70
8 Walls (partition walls) within residential and business units -

9 Windows, window doors, glazed doors each in residential buildings against outside air 1.40
10 Windows, window doors, glazed doors each in non-residential buildings against outside 1.70
12 Other transparent components vertical against outside air 1.70
13 Other transparent components horizontal or inclined to outside air 2.00
14 Other transparent components vertical against unheated building parts 2.50
15 Roof window against outside air 1.70
16 Doors unglazed, against outside air 1.70
17 Doors unglazed, against unheated building parts 2.50
18 Gates Rolling doors, sectional doors like against outside air 2.50
18 Inner doors -

19 Ceilings and roofs in each case against outside air and against roof areas 0.20

(ventilated or uninsulated)

20 Ceilings against unheated building parts 0.40
21 Ceilings against separate living and operating units 0.90
22 Ceilings within residential and operational units -

23 Ceilings over outdoor air (for example over passages, parking decks) 0.20
24 Ceilings against garages 0.30
25 Floors touched the ground 0.40

The conversion factors for the primary energy (fee), the non-renewable and renewable parts
(respectively fpenem. and freem,) and the conversion factor for the CO> (fcozeq) from OIB-6:2019
are shown in Table A 16, while Table A 17 show the values according OIB-6:2015.

Table A 16: Austrian conversion factors [O1B-6:2019]

Energy source fre[-] frenen[-] | freem[-] | fcozeq [9/kWh]
1 Coal 1,46 1,46 0,00 375
2 Fuel ol 1,20 1,20 0,00 310
3 Natural gas 1,10 1,10 0,00 247
4 Solid biomass 1,13 0,10 1,03 17
5 Liguid biofuels (island operation) 1,50 0,50 1,00 70
6 Gaseous biofuels (island operation) 1,40 0,40 1,00 100
7 Electricity (Delivery mix) 1,63 1,02 0,61 227
8 District heating from heating plant (renewable) 1,60 0,28 1,32 59
9 District heating from heating plant (hon-renewable) | 1,51 1,37 0,14 310
10 District heating from high-efficiency cogeneration 0,88 0,00 0,88 75
11 Waste heat 1,00 1,00 0,00 22

Table A 17: Austrian conversion factors [O1B-6:2015]

fPE fPE,n.ern fPE,ern fCOZeq
Energy source [ [ [ [g/kWh]

1 | Coal 1,46 1,46 0,00 337
2 | Fueloll 1,23 1,23 0,01 311
3 Natural gas 1,17 1,16 0,00 236
4 Biomass 1,08 0,06 1,02 4

5 Electricity (Delivery mix) 1,91 1,32 0,59 276
6 District heating from heating plant (renewable) 1,60 0,28 1,32 51

7 District heating from heating plant (non-renewable) 1,52 1,38 0,14 291
8 District heating from high-efficiency cogeneration (default value) | 0,94 0,19 0,75 28

9 District heating from high-efficiency cogeneration (best value) 20,30 | acc. to itemization | =20
10 | Waste heat (default value) 1,00 | 1,00 [0,00 |20
11 | Waste heat (best value) = 0,30 | Acc. to itemization | =20
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A.3 Swedish implementation of EPBD — Tables

Table A 18: Geographical adjustment factors Fgeo

County Geographical location Municipality Fgeo
Blekinge All municipalities 0.9
Avesta, Hedemora and Sater 1.1
Borléange, Falun, Gagnef, Leksand, Ludvika, Mora, Orsa, Réttvik, Smedjebacken and | 1.2
Dalarna
Vansbro
Malung-Sélen and Alvdalen 1.4
Gotland Gotland 0.9
Gavle, Ockelbo and Sandviken 1.1
Gavleborg Bollnés, Hofors, Hudiksvall, Nordanstig and S8derhamn 1.2
Ljusdal and Ovanaker 1.3
All except Hylte 0.9
Halland Hylte 10
Berg, Brécke, Ragunda and Ostersund 1.4
Jamtland Harjedalen, Krokom and Strémsund 1.5
Are 1.6
Aneby, Gislaved, Gnosjo, Habo, Jonkoping, Mullsjo, Trands, Vaggeryd, Vetlanda and | 1.0
Jonkdping Véarnamo
Eksjo, Nassjo and Savsjo 1.1
Borgholm, Emmaboda, Kalmar, Monsteras, Morbylanga, Nybro, Oskarshamn, Torsés | 0.9
Kalmar and Vastervik
Hultsfred, Hogsby and Vimmerby 1.0
Kronoberg All municipalities 1.0
Pited 1.4
Boden, Haparanda, Kalix, Luled and Alvsbyn 1.5
Norrbotten Arvidsjaur, Overkalix and Overtorneé 1.6
Arjeplog and Pajala 1.7
Jokkmokk 1.8
Gaéllivare and Kiruna 1.9
Hoganas, Landskrona, Lomma, Malmé and Vellinge 0.8
Bjuv, Bromolla, Burldv, Bastad, Eslév, Helsingborg, Hassleholm, Horby, Hoor, Klippan, | 0.9
Skane Kristianstad, Kéavlinge, Lund, Perstorp, Simrishamn, Sjobo, Skurup, Staffanstorp,
Svaldv, Svedala, Tomelilla, Trelleborg, Ystad, Astorp, Angelholm and Ostra Géinge
Osby and Orkelljunga 1.0
Stockholm All municipalities 1.0
Sddermanland | All municipalities 1.0
Uppsala Enkoping, Hé’l_bo, Knivsta and Uppsala 1.0
Heby, Tierp, Alvkarleby and Osthammar 1.1
Grums and Saffle 1.0
V4 Arvika, Eda, Filipstad, Forshaga, Hammar6, Karlstad, Kil, Kristinehamn, Munkfors, | 1.1
armland
Storfors, Sunne and Arjang
Hagfors and Torsby 1.2
Nordmaling and Umea, 1.3
Bjurholm, Robertsfors, Skellefted and Vannas 1.4
Visterbotten Dor?tea, Lycksele, Vindeln and Asele 1.5
Mala, Norsjo and Vilhelmina 1.6
Sorsele 1.7
Storuman 1.8
. Harnésand, Kramfors, Sundsvall, Timrd and Ornskoldsvik 1.3
Vasternorrland 2
Sollefted and Ange 1.4
Vistmanland Arboga, Hallstahammar, Kungsor, Képing, Surahammar and Vasteras 1.0
Fagersta, Norberg, Sala and Skinnskatteberg, 1.1
Goteborg, Harryda, Kungalv, Lerum, Lysekil, MéIndal, Orust, Partille, Sotenas, | 0.9
Stenungsund, Strémstad, Tanum, Tjérn, Uddevalla and Ockero
Vistra AIe", Alingsas, Benugtsfors,"BoIIebygd, Borés, DaI_s-Ed, Essunga, F_alk?’p!ng, Fa_rgelanda, 1.0
Gotaland Gra_storp, Gullspang, Goétene, Herrljunga, Hjo, “Karlsborg, _ lekoplng, L|II_a Edet,
Mariestad, Mark, Mellerud, Munkedal, Skara, Skdvde, Svenljunga, Tibro, Tidaholm,
Trollhattan, Téreboda, Vara, Vargérda, Véanersborg and Amal
Tranemo and Ulricehamn 1.1
Hallsberg, Kumla, Lax&, Lekeberg and Orebro 1.0
Orebro Askersund, Degerfors, Hallefors, Karlskoga, Lindesberg and Nora 1.1
Ljusnarberg 1.2
Ostergotland All municipalities 1.0
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