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Strategies and experiences from the perspective of planners and users 
Net zero energy buildings, equilibrium buildings or carbon neutral  cities – depen-

ding on location and the reasons for making the calculation, the numbers are run 

differently. The variety of terms in use  indicates that a scientific method is still 

 lacking – which is a problem not just in regard to international communication, 

but also with respect to planning processes as a response to energy challenges. 

The clarification and meaning of the most important terms in use is extremely im-

portant for their implementation. Since October 2008, a panel of experts from an 

 international energy agency has concerned itself with these topics. The objective 

is to analyse exemplary buildings that are near a zero-energy balance in order to 

 develop  methods and tools for the planning, design and operation of such buildings. 

The results are documented in this publication: In addition to the presentation of 

 select projects, it is not just architectural showcase projects that are shown – the 

 focus is on relaying knowledge and experience gained by planners and builders.

‡ Representation of a comprehensive balancing methodology

‡ Explanation and usage contexts of crucial terminology

‡ Energy balancing in building practice

‡  Implementation examples of zero energy and plus energy  buildings

‡ Typology-oriented cross-sectional views of international projects
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ENERGY BALANCING: 
PRACTICE, 
STANDARDISATION, 
AND LEGISLATION

The following three sections describe methods for 

energy balancing according to examples of com-

pleted projects. They also indicate interrelations 

 between respective normative methods in Germany, 

Switzerland, and Austria. By doing so, they illustrate 

current trends. 

GERMANY The net zero energy buildings com-

pleted in Germany to date usually achieve an an-

nual zero primary energy balance via normative 

 primary energy factors. Complying with balance 

limits for normative energy demand calculations, 

most projects only include consumption values for 

space heating, domestic hot water (DHW), cooling, 

ventilation, and lighting. Selected projects already 

focus on total energy consumption, including use-

specific consumption, or even integrate mobility 

within a balance. On-site electricity generation usual-

ly enters an energy balance independently of energy 

demand, regardless of coverage rate. This process 

doesn’t correspond to normative requirements for 

 issuing an energy certificate, but instead comprises 

a supplemental, voluntary calculation.

Apart from a few selected examples, energy balan-

ces aren’t connected to fixed energy demand limits. 

The focus here is on passive houses or energy effi-

cient buildings with energy values significantly lower 

than legally required. Their energy demand is typi-

cally covered by on-site generation. In exceptional 

cases, shares in wind power generation or invest-

ments in external technologies, such as biogas pro-

duction or combined heat and power, supplement 

the on-site balance (see Projects and Lessons 

Learned, p. 56ff.).

LEGISLATION AND STANDARDISATION The basis 

for energy weighting of buildings in Germany is the 

Energy Savings Directive (EnEV) as amended on 

October 1, 2009 (Fig. A 3.04, p. 42) [1]. The require-

ment of cost-effectiveness in the energy savings 

law means that the directive can’t demand energy 

savings measures if they cost too much. In this 

 regard, the introduction of net zero energy buildings 

should be complemented by suitable incentives, 

 increased energy taxes, or similar measures. The 

Law on Promoting Renewable Energies in the Heat 

Sector (EEWärmeG) demands a minimum share 

of renewable energy in the heating supply for new 

construction, but also permits compensation [2]. The 

Law for Prioritizing Electricity from Renewable Ener-

gy Sources (EEG) and in the Law for Continuation, 

Modernisation, and Expansion of Combined Heat 

and Power Installations (KWKG) regulates compen-

satory practices for feeding electricity into the supply 

grid. The Energy Savings Directive takes into ac-

count all relevant energy consumption covered by 

INFOBOX DEFINITION OF A ZERO ENERGY BUILDING
For this publication, a zero energy building is defined as an 

energy-efficient building that, within its annual balance sum, 

covers its entire annual primary energy demand in connec-

tion to the electrical grid and further grids if required, based 

on a monthly balance via primary energy credits for surplus 

energy feed-in. On-site energy provision is to prioritize cov-

erage of building self-demand. 

PROPOSAL FOR LABELING A zero energy building is 

 designated by the acronym Net ZEB and by declaring the 

required or actual primary energy credits for a zero deficit 

in the annual energy balance. These are determined on the 

basis of a monthly balancing method that takes prioritized 

coverage of building self-consumption into account. This 

doesn’t include annual surplus. The declaration on primary 

energy credits indicates that the designation is the result of 

a balance calculation.

calculations following DIN V 18 599 [3]. These in-

clude energy used for a building’s space heating, 

DHW, cooling, ventilation, and lighting demands. 

Electricity consumption from electronic devices 

such as computers, household appliances, or build-

ing infrastructure such as elevators and escalators 

aren’t included. Also, a building’s embodied energy 

isn’t taken into account. Calculations are based on 

monthly energy balances with results summed up 

as annual values. Primary energy requirement levels 

are determined by an analogous reference building 

that serves as basis for normatively defined refer-

ence construction and mechanical equipment [4]. 

Crediting electricity from renewable energies was 

 introduced in 2009 in § 5 of the Energy Savings 

 Directive. Until then, photovoltaic systems were 

c onsidered part of the electrical grid, due to their 

feeding generated electricity entirely into grids. 

Thus, they were omitted in a building’s energy bal-

ance. Exported electricity reduces the use of fossil 

or nuclear fuels, and thus reduces the primary ener-

gy factor and CO
2
 emissions of the building’s grid 

electricity demand. The EEG [5] regulates purchase 

of and payments for electricity generated from re-

newable energy sources. The EEG sets the price for 

exported electricity and, in the most current version, 

also promotes using electricity for building self-con-

sumption. § 5 of the Energy Savings Directive states:

EXAMPLE As a zero energy house, the 48 m2 experimental 

house of the University of Wuppertal for the Solar Decathlon 

2010 (see Solar Decathlon Europe, p. 168ff.) has a calculated 

annual total primary energy demand of 188 kWh/m2 including 

household electricity, based on Wuppertal as location (A). The 

location choice explains the comparatively high balance value. 

The demand reduced according to EnEV § 5 by the photovolta-

ic system’s monthly creditable yield is 131 kWh/m2. As result, 

a demand of 57 kWh/m2 remains (B). It is offset by the photo-

voltaic system’s sum of monthly surplus fed into the grid and 

is used for seasonal compensation of the balance (C). The pro-

posed correct designation for this house is: Net ZEB 57. The 

fact that the house generates higher surplus isn’t included in 

this designation, since it is considered part of the grid, and thus, 

 reduces its primary energy factor.

“In buildings planned for construction, if electricity 

from renewable energy sources is used, then elec-

tricity may be deducted in calculations […] from the 

site energy demand if it

1.  is generated in direct spatial relation to the build-

ing and

2.  is primarily used in the building itself and only 

surplus energy is fed into a public grid. 

No more than electricity according to requirement 1 

that corresponds to a calculated electricity demand 

may be credited.”

The German Institute for Civil Engineering (Deut-

sches Institut für Bautechnik) comments on this as 

follows [6]: 

•  A “direct spatial relation” exists if self-consumed 

electricity isn’t carried via a public distribution 

grid. Installation of corresponding meters allows 

distinction between electricity “used in the build-

ing itself” and electricity “fed into a public grid.” 

Installations on the level of entire developments 

or urban quarters, i.e. generation systems de-

signed for multiple buildings, can then also be 

 taken into account. In this regard, it is irrelevant 

whether the generation system is operated by the 

owners or a third party.

•  The annual primary energy demand according to 

the Energy Savings Directive is calculated by 

month, as well as deducting self-generated elec-

tricity from renewable sources from the electricity 

demand. The maximum deductible electricity 

quantity results of calculated electricity demands.

Self-generation of electricity with integrated com-

bined heat and power (CHP) systems is also taken 

into account in DIN V 18 599. The central idea is 

that electricity generation coupled with CHP space 

heating supply is credited to the primary energy 

supply (in the form of fuel) used for operating the 

CHP. Crediting leads to deducting the primary ener-

gy equivalent of generated electricity from the prima-

ry energy equivalent of fuel for CHP operation. To 

simplify, crediting takes place in the context of an 

annual balance. Surprisingly, in contrast to the pre-

ceding procedure for photovoltaic electricity, month-

ly surplus in CHP electricity generation isn’t limited 

according to a building’s electricity demand. This 

rule applies regardless of whether fuel used for the 

CHP system comes from renewable sources such 

as rapeseed oil or wood pellets, or non-renewable 

sources. Payment for electricity exports from CHP 

systems is regulated by the Combined Heat and 

Power Act (KWKG 2010 [7]). The law is intended to 

promote new construction and modernisation of CHP 

systems with the goal of CHP-generated electricity 

A 3.01

A 3.02

A 3.01  This commercial property from 1963 was renovated 

for office use covering 1143 m2 net floor area. 

After renovation, energy consumption is measured 

at 95 kWh/m2a for space heating and 23 kWh/m2a 

for electricity. With a 165-kW wood pellet boiler and 

a 44-kW
p
 rooftop-mount photovoltaic system, annual 

 primary energy consumption is more than compensated. 

Freiburg, Germany 2006, Architect: hotz + architekten, 

Energy concept: Stahl & Weiss

A 3.02 Definition of a zero energy house
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calculations following DIN V 18 599 [3]. These in-

clude energy used for a building’s space heating, 

DHW, cooling, ventilation, and lighting demands. 

Electricity consumption from electronic devices

such as computers, household appliances, or build-

ing infrastructure such as elevators and escalators 

aren’t included. Also, a building’s embodied energy

isn’t taken into account. Calculations are based on

monthly energy balances with results summed up 

as annual values. Primary energy requirement levels

are determined by an analogous reference building 

that serves as basis for normatively defined refer-

ence construction and mechanical equipment [4].

Crediting electricity from renewable energies was

introduced in 2009 in § 5 of the Energy Savings 

Directive. Until then, photovoltaic systems were

c onsidered part of the electrical grid, due to their 

feeding generated electricity entirely into grids.

Thus, they were omitted in a building’s energy bal-

ance. Exported electricity reduces the use of fossil

or nuclear fuels, and thus reduces the primary ener-

gy factor and CO
2

emissions of the building’s grid 

electricity demand. The EEG [5] regulates purchase

of and payments for electricity generated from re-

newable energy sources The EEG sets the price for

“In buildings planned for construction, if electricity

from renewable energy sources is used, then elec-

tricity may be deducted in calculations […] from the 

site energy demand if it

1.  is generated in direct spatial relation to the build-

ing and

2.  is primarily used in the building itself and only

surplus energy is fed into a public grid. 

No more than electricity according to requirement 1 

that corresponds to a calculated electricity demand 

may be credited.”

The German Institute for Civil Engineering (Deut-

sches Institut für Bautechnik) comments on this as 

follows [6]: 

•  A “direct spatial relation” exists if self-consumed 

electricity isn’t carried via a public distribution

grid. Installation of corresponding meters allows 

distinction between electricity “used in the build-

ing itself” and electricity “fed into a public grid.” 

Installations on the level of entire developments 

or urban quarters, i.e. generation systems de-

signed for multiple buildings, can then also be

taken into account In this regard it is irrelevant

the Energy Savings Directive is calculated by 

month, as well as deducting self-generated elec-

tricity from renewable sources from the electricity
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that electricity generation coupled with CHP space
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supply (in the form of fuel) used for operating the 

CHP. Crediting leads to deducting the primary ener-

gy equivalent of generated electricity from the prima-

ry energy equivalent of fuel for CHP operation. To 

simplify, crediting takes place in the context of an

annual balance. Surprisingly, in contrast to the pre-

ceding procedure for photovoltaic electricity, month-

ly surplus in CHP electricity generation isn’t limited 

according to a building’s electricity demand. This 

rule applies regardless of whether fuel used for the
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as rapeseed oil or wood pellets, or non-renewable 
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cally covered by on-site generation. In exceptional 

cases, shares in wind power generation or invest-

ments in external technologies, such as biogas pro-

duction or combined heat and power, supplement 

the on-site balance (see Projects and Lessons 

Learned, p. 56ff.).

LEGISLATION AND STANDARDISATION The basis

for energy weighting of buildings in Germany is the 

Energy Savings Directive (EnEV) as amended on 

October 1, 2009 (Fig. A 3.04, p. 42) [1]. The require-

ment of cost-effectiveness in the energy savings 

law means that the directive can’t demand energy 

savings measures if they cost too much. In this 

regard, the introduction of net zero energy buildings 

should be complemented by suitable incentives, 

increased energy taxes, or similar measures. The

Law on Promoting Renewable Energies in the Heat

Sector (EEWärmeG) demands a minimum share 

of renewable energy in the heating supply for new 

construction, but also permits compensation [2]. The 

Law for Prioritizing Electricity from Renewable Ener-

gy Sources (EEG) and in the Law for Continuation, 

Modernisation, and Expansion of Combined Heat 

and Power Installations (KWKG) regulates compen
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B 05.08

B 05.09

B 05.10

SITE 

Bennau (CH)

Annual global radiation at site ca. 1200 kWh/m
2a

Annual mean temperature at site 9.5 °C

Context  

rural

BUILDING ENVELOPE QUALITIES W/m2K

U-value, exterior walls  
0.11

U-value, windows (incl. frames) 0.57– 0.79

U-value, roof surface 
0.11

U-value, ceiling slab to basement 0.18

Mean U-value, building envelope 0.20

BUILDING EQUIPMENT PARAMETERS

Area of solar collectors 
150 m

2

Area per m
2 

0.11 m
2/m

2

Thermal storage volume 
27 000 l

Storage volume per m
2 

19.60 l/m
2

 including household electricity, in one year. Sur-

plus generated electricity is fed into the public grid 

(Fig. B 05.08, p. 76).

LESSONS LEARNED The building was completely 

occupied between March 2009 and July 2010, so 

that the figures from the first year of operation before 

that do not represent the performance of the fully 

 occupied building, and in a number of cases had to 

be extrapolated. Over a period of two years a pro-

gram recorded the metered consumption, the interi-

or temperatures, and the performance of the solar 

electricity plant, the facade collectors, and the 

 storage system. 

The first results indicate that small departures from 

planning data can endanger the concept of the zero 

or energy plus building in operation. The behaviour 

of the tenants differed from that of simulated “ideal 

tenants”. The assumed room temperature of 20° C in 

winter was too optimistic; the reality were tempera-

tures of 22 °C. The sunshade systems were used 

not only during summer months to avoid overheating 

on days with extreme solar radiation, but also to pro-

tect against glare due to the low position of the sun 

in winter. This, however, reduced the passive solar 

heat gains, as did a grille of louvers at the level of 

the window parapets that was fitted later. Together 

with the real climatic conditions in the first winter 

 (according to Metro Schweiz, January 2010 was 

the coldest month in 29 years), operative heating 

 consumption was approximately 10 % higher than 

 initially expected. 

The displays that show individual energy consump-

tion figures had less influence on energy use than 

 initially assumed. The balance is effective only with 

residents who are highly aware of the theme of 

 sustainability or are interested in lower service costs. 

Despite carefully selected tenants, a bonus /malus 

of between 70 and 150 €/a does not seem to offer 

sufficient incentive for people to adapt their living 

habits. 

On examining the performance of the plant and 

the interaction of the individual components, it was 

revealed that the heating output of the exhaust air 

heat pump is of critical importance for supplemen-

tal hot water provision on cold and overcast winter 

days. If there is no solar heat available in the ther-

mal storage tanks, only the wood-burning storage 

stoves (Fig. B 05.09) and the heat pump serve as 

back-up. As they are subject to the influence of 

the users, these alternatives are difficult to control. 

At temperatures below -5° C the earth tube heat 

 exchanger, relatively small due to limited space, 

warms the external air less strongly than had been 

expected and can scarcely condition the fresh air 

to a frost-free level. Thus, the supply air needs 

 additional warming from the reverse flow heat ex-

changer or the heating coil. In a standard situation, 

the earth tube heat exchanger serves solely to keep 

the system free from frost. As result, the degree of 

B 05.08 Energy evaluation

B 05.09  View of interior with small wood-burning stoves and 

kitchen

B 05.10 Diagram of monthly balance, primary energy 

B 05.11  Detail cross section roof/floor slab/exterior wall 

scale 1:20

 
1  Oak boards on heating screed 90 mm

Impact sound absorption 20 mm

Thermal insulation 10 mm

Reinforced concrete 220 mm

 
2  Prismatic safety glass 6 mm 

as cover 

 
 Facade collectors 

 
 Absorber/air cavity 42 mm

 
 Insulation 60 mm mineral wool

 
 Wood frame 100 ≈ 45 mm

 
 Rear wall 8 mm OSB

 
 Gypsum fibre panel 15 mm

 
 Timber joists 40 y 360 mm, 

 
 Infilled cellulose insulation 

 
 OSB-panel 15 mm

 
 Vapour barrier 

 
 Services level 60 mm 

 
 framing, thermal insulation

 
 Gypsum fibre panel 15 mm

 
 Adobe render 10 mm

 
3 Mineral wool insulation 

 
4 Wood-frame window with triple glazing

B 05.12  Building and energy parameters (values refer to net 

floor area, NFA)

The following aspects result in the Net ZEB-11-Standard:

  Measured annual total primary energy consumption includ-

ing household electricity (45 kWh/m
2

NFA
a)

  Building specific primary energy consumption 

(16 kWh/m
2

NFA
a)

  Consumption after monthly coverage of own needs by PV 

electricity (11 kWh/m
2

NFA
a)

  Seasonal balance of remaining consumption 

  Annual electricity plus and heat transfer to neighbouring 

building (24 kWh/m
2

NFA
a)

The low consumption reveals that the building was still partly 

unoccupied in 2010. The energy plus achieved shows that 

an equalised energy balance should also be possible with full 

occupancy. Primary energy factors according to SIA 2031 

(see Fig. A 2.07, p. 31)

heat recovery of the heat exchanger, which is lower 

than planned for, appears decisive for the increased 

consumption of the heating coil. However, raising 

the air flow volume of the exhaust air heat pump 

would not offer any overall energy advantage on 

 account of the increased ventilation heat losses. A 

volume flow regulator now allows operation at two 

levels: Level 1 with 50 % of the maximum air flow 

 volume is the standard setting; level 2 allows 100 % 

for operation at maximum heat pump loads. For 

conditioning the rooms by the intake air of the venti-

lation system, 500 m
3/h at a total interior volume 

of roughly 7000 m
3 is sufficient. The annual perf-

ormance coefficient of the exhaust air heat pump 

of 3.5 meets expectations. The fact that the poorly 

 insulated heat pump cools down the utility room and 

the ventilation ducts fitted there, which are not insu-

lated, is regarded as problematic.

Despite these difficulties, the annual energy balance 

of the first year of measurements 2009/2010 was 

positive. A clear electricity surplus compensates for 

a small shortfall in the heat balance.

The architect justifies the high personal and financial 

expenditure with the extensive gain in know-how 

that resulted from this demonstration project. Future 

projects will profit from this experience.

The building has already received the Swiss and the 

European Solar Prize, and in 2010 it was given the 

first Norman Foster Solar Award, thus emphasising 

its function as a role model.

B 05.11

B 05.12

BUILDING PARAMETERS 

Net floor area, NFA 

1380 m
2

Gross floor area, GFA 

1403 m
2

Gross volume, V 

3941 m
3

Building envelope, A 

1557 m
2

Surface to volume ratio, A/V 
0,39 m

2/m
3

Number of units 

7 

Total number of users 

23

CONSUMPTION PARAMETERS (2010) kWh/m
2a

Space heating consumption 
15

Water heating consumption 
14

Site energy consumption for heat 

 (including hot water) 

11

Electricity consumption 

18

Total primary energy consumption 
45

Total primary energy generation 
69

Photovoltaic system area 261 m
2

System area per m
2  

0.20 m
2/m

2

Photovoltaic capacity 32 kWp

Capacity per m
2 

23.00 Wp
 /m

2

GRID INFRASTRUCTURE AND ENERGY SOURCES

Supply infrastructure  electricity grid, deliveries 

Energy source supply log wood, electricity

Feed-in infrastructure  electricity grid, local heating network

Feed-in energy source electricity, heat

DESIGN STRATEGIES, CONCEPTUAL FOCUS

Passive house concept, MINERGIE-P-ECO, mechanical ventila-

tion with heat recovery, expelled air heat pump, photovoltaic 

 arrays, solar thermal system, heat recovery from waste water, 

energy display for tenants, wood-burning small storage stoves, 

feed-in of heat 
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