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Abstract

The international cooperation project IEA SHC Task 40 / ECBCS Annex 52 “Towards Net Zero
Energy Solar Buildings”, attempts to develop a common understanding and to set up the basis for an
international definition framework of Net Zero Energy Buildings (Net ZEBs). The understanding of
such buildings and how the Net ZEB status should be calculated differs in most countries. This paper
presents an overview of Net ZEBs energy calculation methodologies proposed by organisations
representing eight different countries: Austria, Canada, Denmark, Germany, ltaly, Norway,
Switzerland and the USA. The different parameters used in the calculations are discussed and the
various renewable supply options considered in the methodologies are summarised graphically. Thus,
the paper helps to understand different existing approaches to calculate energy balance in Net ZEBs,
highlights the importance of variables selection and identify possible renewable energy supply options
which may be considered in calculations. Finally, the gap between the methodology proposed by each
organisation and their respective national building code is assessed; providing an overview of the
possible changes building codes will need to undergo in the coming years.

1. Introduction

Energy use in the building sector accounts for about 40% of world’s final energy use and 33% of direct
and indirect greenhouse gas emissions [1]. This fact together with the issue of climate change and the
growing energy resource shortage results in Net Zero Energy Buildings (Net ZEBs) being no longer
perceived as buildings of a remote future, but as a realistic solution for the mitigation of the CO,
emissions and/or the reduction of energy use in the building sector. In May 2010 at European level the
European Commission and Parliament adopted the recast of the Directive on Energy Performance of
Building [2] with “Nearly Zero Energy Building” as the future target for buildings:

“pby 31 December 2020, all new buildings are nearly zero energy buildings as defined in Article
2(1a),

after 31 December 2018, public authorities that occupy and own a new building shall ensure that
the building is a nearly zero energy building (...)”



The increasing number of Net ZEB demonstration projects [3-9] and research interest in the field at
both national and international levels [10-13] highlights the growing attention given to Net ZEBs.
Currently, the international discussions mostly focus on the lack of common understanding for this
building concept [14-16]. Energy calculation methodologies are also part of these discussions where
the actors attempt to agree on: how to account for the energy use, the energy generation and the
building - grid interaction? Until now, the buildings were solely responsible for consuming energy. Net
ZEBs are both energy consumers as well as energy producers, which interact with the national energy
infrastructure. There is no agreed suggestion how to tackle this situation with respect to calculation
methodologies and it appears that reaching a common agreement could be a challenging task.

Under the International Energy Agency (IEA) the implementing agreements Solar Heating and
Cooling programme (SHC) and the Energy Conservation in Buildings and Community Services
programme (ECBCS) a joint project Task 40 Annex 52: “Towards Net Zero Energy Solar Buildings”
focuses one activity on investigating various approaches and/or methodologies for calculating energy
in Net ZEBs. Organisations representing eight countries: Austria, Canada, Denmark, Germany, Italy,
Norway, Switzerland and USA supplied their proposals for a Net ZEB energy calculation
methodology. The actors from Germany and Austria delivered more than one methodology (2 x
Germany and 3 x Austria) emphasizing the existence of multiple local approaches. All methodologies
were assembled in order to study, recognize and understand different approaches for computing Net
ZEB energy balance. As disposition for Net ZEBs are not explicitly included in any national building
codes of the participating countries, the collected calculation methodologies merely reflect some of the
common, known and applied practices in each country. They do not represent any national
understanding of Net ZEBs calculation methodology.

Firstly, this paper aims to give a general explanation of the “known practice” for energy calculations of
Net ZEB in each of the eight countries. The calculation methodologies represent the approaches from
various location worldwide, thus the main focus will be put on exposing the similarities between the
methodologies as well as highlighting the unique features of each methodology. Secondly, the paper
presents the overview of the “gap” between the delivered “known practice” and the respective national
building code/standard in each country.

2. Method

The methodologies for calculating energy associated with Net ZEBs are very different across the
world. Therefore, the first step in this activity was to collect the various approaches respecting
different perspectives of the problem. Within the IEA SHC Task 40 / ECBCS Annex 52 participants
representing various organizations from eight countries supplied their “known practices” on energy
calculation for Net ZEBs. All methodologies were analysed and merged together into one interactive
excel-spreadsheet. Within this spreadsheet, a sheet dedicated to input data is linked to all the
calculation methodologies, each having dedicated single sheet. The spreadsheet permits to test the
energy performance of a building against each calculation methodology by entering data only once,
easing the comparison of the methodologies.

The excel spreadsheet was distributed among all eight participants in order for them to become
familiar with it and test known national Net ZEB projects against the other methodologies. Finally, the



participants explained the differences between the “know practice” for energy calculation of Net ZEBs
and their national building code.

3. Net ZEB calculation methodologies

This chapter provides an overview of the different calculation procedures with an emphasis on their
similarities and peculiarities. As the general framework for energy is similar in each methodology, the
aim here is not to present a complete description of each calculation methodology.

The study of the methodologies shows that the most accepted energy balance takes place between the
energy use of a building and the renewable energy generation. This approach is favoured within all
eight countries. However, within its first methodology proposed by the German representatives the
balance is based on the building grid interaction, i.e. the energy delivered to the building from the
utility grid has to be offset by the energy feed back to the grid. As for the period of the energy balance,
all eight countries calculate it on an annual basis. Again the second Germany approach applies a month
as the basis for the balance. The methodologies are not so unanimous on other issues related to the
energy balance e.g. the type of energy use included or the unit of the balance. In nine out of eleven
proposals (American, 3 x Austrian, Canadian, Danish, 1x German, Norwegian and Switzerland) the
energy balance includes both the energy related to the building (heating, cooling, ventilation, lighting,
pumps and fans, other technical service systems) and related to the users (DHW, cooking, appliances,
lighting). The analysis of the methodologies indicates that primary energy is the most favoured metric
for the balance (ten out of eleven methodologies). However, some other possibilities are also used e.g.
delivered energy, CO, credits or energy costs. Furthermore, some methodologies include more than
one unit for the energy balance, e.g. Germany, USA.

The calculation proposals represent the approaches from various locations worldwide. Thus, almost all
of the methodologies present a set of unique features. For example, the American methodology is
based on the hierarchy of renewable supply options created by the National Renewable Energy
Laboratory (NREL) [17]. The Canadian methodology applies the Canada EnerGuide® Rating for
Houses and EGH* rating system. The Swiss methodology accounts the embodied energy in the energy
balance. In that case, there is a set limit of 25 kWh/m?a for the embodied energy under which it is
neglected in calculation but over which the difference between the actual embodied energy and the
limit is taken into consideration in the calculations. The Danish proposal, aside the calculation of
energy performance, indirectly evaluates also the indoor climate in the building by having a special
output called “penalty for overheating”. This special output represents the electricity demand of a
fictive cooling system with a fixed efficiency of 2 that turns on automatically if the indoor temperature
is above 26°C. The only way to control the cooling system is simply by trying to avoid the indoor
temperatures above 26°C. The one German methodology focusing on the balance between imported
and exported energy, gives the building owner the possibility to invest in an off-site windmill and to
include part of the energy generated by the windmill into the energy balance of the building. Two of
the Austrian proposals consider in the energy balance the effort of the whole energy production on-
site.

3.1. Summary of energy supply options



The following chapter summarises the renewable energy supply options suggested in the various
energy calculation methodologies. Fig. 1 presents the five supply options (I-V) ordered following the
location of the energy supply option with respect to the building. In their calculation approaches,
certain organisations highlight the importance of a hierarchy of supply options (i.e. that certain types of
supply are preferable over others). However, no such hierarchy has been agreed upon and thus, the
diagram presented here limits itself to order the supply options based on geographical parameters, i.e.
the centre of the graph represents those options where the supplied energy is transformed into a useful
form closest to the building. Some supply options presented here are fiercely debated internationally.

L. On-site generation from off-site renewables
(Transpartation of sources needed - biomass )

V. Off-site ganeration
linvestment in off-site technologies - windmill...)

V. Off-site supply
(puschase of grean” amergy - green power™_)

Fig. 1. Overview of current renewable energy supply options linked to common international practice for energy
calculation methodologies for Net ZEBs.

Description of presented supply options:

I. Generation on building footprint: The generation of usable forms of energy takes place within the
building footprint by transforming renewable energy reaching the building without effort, i.e. no effort
is needed to transport the renewable energy to the building footprint (sun, wind, etc.).

I1. On-site generation from on-site renewables: Same as I. but with generation taking place on the
building site (i.e. the ground owned by the building owner which is directly adjacent to the building
footprint).

I11. On-site generation from off-site renewables: Renewables are supplied from outside the building
site but the generation of usable forms of energy takes place on the project site, i.e. energy carriers
need to be transported

IV. Off-site generation: Investment from the building owner in renewable energy generation plants
located outside the project site. The energy produced by the plant is included in the energy balance of
the building.

V. Off-site supply: Purchase of green energy from the grid.

4. Gap between methodologies and national building codes



As mentioned earlier, in those eight countries the concept as well as the calculation methodology of
Net ZEB are yet not included in the building codes, thus there often exists a “gap” between the
supplied “known practices” and the building codes. This chapter attempts to give an overview of those
differences for the countries which provided the relevant information.

Norway

The proposed Net ZEB calculation methodology is in general in line with the building code having two
differences. First, the metric used in the building code is final energy whereas the proposed
methodology includes three metrics: the final energy, primary energy and emissions. Second,
according to the building code the renewable electricity generated on-site is only accountable for
compensating the annual electric specific load, while in the proposed methodology excess feed-in
electricity is accounted for achieving the zero balance. Furthermore, no national scheme currently
exists to regulate electricity feed-in tariffs, thus in each case the tariffs have to be agreed with the local
electricity provider.

Switzerland

The major difference is the fact that the Swiss building code focuses only on the heating demand
requirements as the Net ZEB methodology includes as well the demand for domestic hot water (DHW)
and total electricity use. In the first step the DHW demand and electricity are based on fixed values
depending on the building type given by the national Swiss code. The proposed Net ZEB calculation
methodology is in line with the building code by computing the energy balance on the annual basis.

Germany

To date, no national, standardized methodology for balancing energy of Net ZEB exists in Germany.
Hence, the current used practice focuses on the annual balance of energy delivered to the building and
energy feed into the grid. Some actors include all consumption sectors, others exclude appliances and
plug loads thereby addressing the building service technology only. Although widely applied, this
methodology is not in line with the current building code.

The second German methodology reflects the official building regulation “Energieeinsparverordnung
EnEV 2009”. The building code addresses all energy consumption for HYAC, DHW and lighting on a
monthly level. On-site generated PV electricity can be subtracted from the on-site electricity load up to
the limit of the monthly consumption. Surplus feeding in of electricity is neglected and considered as
part of the grid. So, monthly excesses electricity can’t be balanced with demands of other months. It is
not viable to balance non-electrical demands (gas or wood pellets) with self generated PV electricity
and moreover to integrate other consumption sectors in the energy balance. A Net ZEB is not feasible
considering this framework.

Austria

The proposed Net ZEBs calculation methodologies are not in correspondence with the national
building code. First, since the building code defines only the methodology for calculating the energy
demand of the building fully neglecting the possible on-site renewable energy generation issue.
Therefore, in the supplied methodologies the methods for calculating the energy balance have no legal
foundations. Secondly, the building code uses the final energy as the metric whereas the proposed
methodologies are based on the primary energy. Furthermore, the delivered methodologies take into



consideration the total energy demand of the building including household appliances. However,
building code focuses for residential buildings only on the demand for heating, domestic hot water and
auxiliary and for non-residential additionally on lighting and cooling.

Denmark

It can be said that generally the proposal for Net ZEB calculation methodology is in line with the
national building code. There are two major differences: (1) types of energy use included in the energy
balance, (2) the definition of the building site. For the first one, the energy performance framework for
residential buildings in the building code covers the total demand for heating, ventilation, cooling and
domestic hot water. The supplied calculation proposal goes a step further and takes also into account
the energy for the household appliances and lightning in the energy balance. For the second difference,
the renewable energy generation in the Net ZEB calculation proposal can take place within buildings
footprint and on site that is directly adjacent to the building. However, in the building code the
buildings site includes also the common area that is owned and shared between a cluster of buildings
i.e. 10 residences that are constructed close to each other and share a common renewable system on a
common site around the buildings.

Italy

It can be noticed, that the energy calculation proposal addressing Net ZEB generally is in line with the
national building code. It is although recognized that the latter neglects some important aspects. In fact
both the calculation procedures are based on primary energy and address heating, DHW, cooling,
lighting and auxiliaries, neglecting e.g. the energy use for ventilation and appliances. With reference to
the application of on-site energy generation, the building code takes into account possible PV and
cogeneration systems in the balance. In spite of similarities the “known practice” clearly adopts the
energy balance between the energy use and the electricity generation, the building code is ambiguous
if the balance is between the delivered and feed-in energy or energy use and the electricity generation.

5. Discussion

The supplied Net ZEB calculation methodologies give a significant insight on different possibilities for
writing the balance of Net Zero Energy Building. Most favoured is the balance between energy use and
renewable energy generation. However, by adopting this balance a number of questions arise e.g.
energy use refers to calculated energy demand or actual, measured energy consumption? What type of
energy use is included in the balance: only the building related or as well the user related? How to
include the building — grid interaction? Therefore, some researches state that for the Net ZEBs the
balance between delivered and feed in energy more useable one and eliminates all the issues of how
the energy is used in the building. Until now, the unambiguous answer, which balance is the right one
maybe one is usable for designing phase and the second for the monitoring data, does not exist?

Fig. 1. presenting possible renewable supply options depicted by the different calculation proposals
brings our attention to the question: how and where the renewable energy is produced. It can be
noticed that the variety of possible options is wide, but none of the delivered Net ZEBs calculation
methodologies explores all known options and even none of existing Net ZEB does it [9]. Moreover,
some of the proposed methodologies even do not yet address the issue of various supply options. The
opinions are divided, one claim that only building footprint and site should be used, others accept the



possibility of buying carbon credits in the carbon market in order to offset the energy use of a building.
Even, the recent recast of the Directive on Energy Performance of Building [2] gives unclear answer to
the above mentioned questions by stating:

*“(...) energy from renewable sources, including energy from renewable sources produced on-site or
nearby”’

6. Conclusion

This paper presented an overview of existing energy calculation methodologies for Net ZEBs together
with the gap between these methodologies and national building codes. It also discussed which
variables and what types of renewable supply options are taken into consideration in these calculations.
From the information presented, it may be seen that some discrepancies exist between the different
energy calculation approaches to Net ZEBs. Notably, how the different supply option are understood
as pertaining to renewable or non-renewable energy supply option, i.e. how a “green grid” is taken into
consideration. Finally, the paper provides some insight on how the international community sees Net
ZEBs and how building codes might evolve to adequately include this type of building.
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