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�With four metrics, the NZEB definition is investigated using Finnish and international data.
� Regarding the Finnish data, fulfilling the NZEB-emission is the easiest, then the NZEB-PE, the NZEB-cost, NZEB-site.
� Making the house high in thermal energy efficiency is not a step towards achieving NZEB-emission by shared biomass CHPs.
� The NZEB-PE is easier to fulfill by the international weighting factors than the Finnish ones.
� Generally, the NZEB balance is more attainable by the shared biomass than the standalone CHPs.
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This study aims to investigate the fulfillment of four Net Zero Energy Building (NZEB) balances, NZEB-PE,
NZEB-site, NZEB-emission and NZEB-cost, considering the four metrics of primary energy (PE), site
energy, CO2-eqemissions and energy cost, respectively, using weighting factors based on Finnish and
international reference data. The study analyzes five conventional energy systems and seven biomass-
based standalone and shared combined heat and power (CHP) systems. These systems are connected
to a single family house located in Helsinki, Finland, with two energy efficiency levels: a standard house
and a passive house, simulated by Trnsys software. The annual balance of the import and export of the
operational thermal and electrical energies is applied. The simulated results indicate that the NZEB-emis-
sion, NZEB-PE, NZEB-cost, and NZEB-site are arranged in that order according to the ease of fulfilling the
annual balance. Making the house high in thermal energy efficiency (or adding solar thermal collectors)
for all the studied systems is a step towards achieving NZEB-PE, NZEB-cost, and NZEB-site. On the con-
trary, achieving the NZEB-emission by the shared CHPs connected to the standard house is easier than
the passive house. The NZEB balance is more attainable by the shared CHPs than the standalone CHPs.
The NZEB-PE is easier to achieve using the international factors than using the Finnish PE factors.

� 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

The building energy needs in the European Union represent 40%
of the final energy consumption [1]. This indicates the potential to
make buildings highly energy efficient. The recast of the EU Direc-
tive on Energy Performance of Building (EPBD) specified that by
the end of 2020, all new buildings shall be ‘‘nearly zero energy
building’’ [2]. Additionally, the International Energy Agency (IEA)
joint Solar Heating and Cooling (SHC) Task 40 and Energy Conser-
vation in Buildings and Community systems (ECBCS) Annex 52
titled ‘‘Towards Net Zero Energy Solar Buildings’’ is making an
international effort on the standardization of the Net Zero Energy
Building (NZEB) definition [3]. The NZEB definitions and the com-
patibility of proposed definitions with current national building
codes and international standards are reviewed in [4]. Mainly four
balance metrics are used to define NZEB by different twelve
methodologies.

In the northern countries of Europe, dependency only on the on-
site solar energy as a renewable energy source to achieve the an-
nual balance of the NZEB faces many obstacles, such as the
mismatching between the energy production and consumption
[5] and the limited area of roof and/or façade, primarily in the
dense city areas [6]. In Finland, the abundance of biomass (wood)
as the highest renewable energy source share (22% in 2011 [7])
encourages the investigation of using micro and small-scale bio-
mass-based combined heat and power (CHP) systems as energy
systems to achieve the NZEB balance or even reduce dependency
on onsite solar energy.

Some aspects that must be described to put the NZEB definition
in a consistent framework are highlighted in [5]. The balance met-
ric is a key of NZEB definition. It can be primary energy (PE), site
energy, CO2-eq emissions or energy cost [8]. Moreover, the exergy
nish and international weighting factors for different energy carriers.

B definition Unit Weighting factors

Electricity District heating W

ish weighting factors
B-Finnish PE kW hpe/kW hend 1.7 0.7 0.
B-site kW h/kW hend 1 1 1
B-Finnish emission gco2/kW hend 456 226 18
B-cost c/kW hend 13.24 6.29 5.

national weighting factors
B–IEA–PE kW hpe/kW hend 2.35 0.77 0.
B–IEA-emission gco2/kW hend 430 241 43
and emergy are proposed as metrics by [9,10], respectively. How-
ever, these exergy and emergy metrics are not common popular
indicators. The primary energy, site energy, and CO2-eq emissions
are widespread metrics used in many research studies. For in-
stance, using primary energy as a metric presenting standard,
low, passive, nearly and net zero energy buildings in relation to
economic perspectives is studied by [11–15]. A new and renovated
net zero energy buildings are assessed using primary energy and
life cycle assessment in [16]. Both primary energy and CO2-eq
emissions of passive and low energy buildings are presented in
relation to electric heating, wood boilers and stoves, and heat
pumps as variant heating systems [17]. However, a zero site energy
home in UK is studied in [18]. In Serbia, a negative, zero, and posi-
tive-net residential building energized by electricity from the grid
and from the photovoltaic panels (PVs) are studied using site en-
ergy metric balance [19]. In Australia, fulfilling the definitions of
zero site energy and emission is presented using monitoring re-
sults of energy self-sufficient houses in [20]. CO2-eq emissions as
an optimal objective besides the economic objective for low energy
building is used in [21,22]. Additionally, the economic perspectives
of zero carbon homes in UK are studied in [23].

The debate about which is the appropriate metric, PE or CO2-eq
emissions, is pointed out by [17,24]. Obviously, the national deci-
sion about the metric to be used varies from country to country.
For example, the code for sustainable homes in the UK sets a target
for all new homes to be zero carbon by 2016 [25]. Currently in Fin-
land, the Finnish building regulation codes D3-2012 [26] and D5-
2012 [27] indicate national primary energy factors that have to
be used for any new building.

This study investigates fulfilling four NZEB definitions according
to four different weighting factors based on Finnish reference data
by comparing the NZEB balance achievement by five conventional
ood pellet/wood chips Light oil Local renewable sources (solar) Ref.

5 1.0 0 [26]
1 0 [8]
267 0 [28]

47 10.66 0 [30]

14/0.06 1.3 0 [29]
/35 311 0 [29]



Fig. 1. Building boundary and imported/exported energy carriers of: (a) a single house and (b) a community of houses.

A. Mohamed et al. / Applied Energy 114 (2014) 385–399 387
energy systems and seven biomass micro and small-scale CHPs
systems. The energy systems provide two single family houses
which have two different energy efficiency levels (standard house
(SH) and passive house (PH)) located in Helsinki, Finland. More-
over, the comparisons are also carried out using weighting factors
of international reference data.

1.1. NZEB crediting metrics

The four most common metrics used are: primary energy (PE), site
energy, CO2-eq emissions, and energy costs [8]. The four NZEB defini-
tions used in this study are Net zero primary energy building based
on Finnish weighting factors defined by [26] (NZEB-Finnish PE), Net
zero site energy building (NZEB-site), Net zero emission building
based on Finnish weighting factors defined by [28] (NZEB-Finnish
emission), and Net zero energy (cost) building (NZEB-cost). Addi-
tional NZEB definitions using international weighting factors based
on IEA SHC 37 Subtask B [29] are investigated: NZEB-IEA-PE and
NZEB-IEA-emission. For each definition, the weighting factors of en-
ergy carriers used are shown in Table 1. The NZEB-site definition does
not differentiate between the energy carriers, crossing the building
boundary. That is clearly shown in Table 1 where the weighting fac-
tors of all energy carriers are unity. It should be noted that the
weighting factors of NZEB-cost for electricity, district heating, light
oil, wood pellet and woodchips are the annual average prices in
2011 [30]. In the current study, symmetrical static weighting factors
are considered, i.e., for a two-way energy carrier (e.g., electricity), the
weighting factors are equal for both imported and exported energies.
According to the IPCC report [31] and EU’s RED [32], the wood pellet
and wood chips as renewable energy sources have neutral green-
house gas (GHG) emissions. Due to land use, transportation and pro-
cessing, the primary energy factors and CO2-eq emissions factors are
not neutral at all for biomass fuels [33], as shown in Table 1. It should
be emphasized that the weighting factors are used only for the oper-
ational energy, whereas the embodied energies are not taken into ac-
count in this study. According to the Finnish building regulation code
D5-2012 [27], the typical operating energies are heating, ventilation,
domestic hot water and lighting, HVAC equipment, and appliances.
1.2. NZEB balance

The balance boundary defines which energies are counted in
the balance, and the NZEB balance defines the type of balance used
either between the imported and exported energies or energy de-
mands and generation [5]. In this study, the building boundary is
the single family house defined by its foot-print area, plus a small
lot used to install any energy system, e.g., the solar system. If a
shared biomass-based micro and small-scale CHPs are used, the
building boundary extends to include the community of houses
and the shared systems as well. Thus, the building boundary al-
ways includes the generation system. The balance between the ex-
ported and imported energies [8] passing across the building
boundary is considered as shown in Fig. 1. The net balance period
is one year. Generally, the results are normalized per floor area. The
weighted imported energy is the sum of all delivered energy, sum-
ming all energy carriers each multiplied by its respective weight-
ing factor. The imported energy carriers used in this study are
electricity from the grid, district heating, light oil, and biomass
(wood pellet and wood chips) fuels. Conceptually, the NZEB bal-
ance needs at least one two-way energy flow system, where a grid
can deliver energy to the building and receive back from the build-
ing. The electric grid is a common two-way energy grid, where the
weighted exported energy can be calculated by multiplying the ex-
ported electricity by its weighting factor. Thus, it is assumed that
the feed-in into the electric grid is possible. However, the Fortum
company [34] offers to buy the surplus electricity produced by
the PV panels installed in single-family houses located only in
the southern cities in Finland. It should be noted that no heat is ex-
ported to the thermal distribution network. The annual import/ex-
port balance is achieved by using the net weighted energy
depending on each NZEB definition. In order to achieve the NZEB
balance, the annual net weighted energy should be equal to zero,
according to the following equation;

Weighted imported energy ¼
Xu

k¼1
ðEimp;k � fkÞ ð1Þ

Weighted imported energy ¼
Xu

k¼1
ðEexp;k � fkÞ ð2Þ

Net weighted energy ¼Weighted imported energy

�Weighted exported energy

¼ 0 ð3Þ

where f is the weighting factor for each energy carrier, k refers to
one energy carrier, and Eimp and Eexp are imported and exported en-
ergy carriers, respectively, summed from the hourly simulated va-
lue. The annual weighted imported energy accounts for all energy



Fig. 2. Plan view of the single family house (all dimensions in meters).

Table 2
Characteristics of the single family house envelope.

House description Standard house Passive house

Thermal transmittance U-value (W/m2 K) of the thermal envelope
External wall 0.169 0.074
External roof 0.09 0.065
Ground floor layer with soil layer below 0.16 0.07
Windows, doors and exit doors 0.98 0.68
Air tightness n50 (1/h) 2.0 0.6

Table 4
The simulated thermal and electric demands of the standard and passive houses.

House description Standard house Passive house

Thermal demands in (kW h/m2 a)
Radiator heating 51.06 18.54
Heating demand of mechanical ventilation 13.33 2.43
Space heating demand 64.39 20.97
DHW demand 38.03 22.13
Total thermal demand 102.42 43.10

Electric demands in (kW h/m2 a)
Electric consumption of the HVAC systems 7.07 5.50
Electric consumption of the lighting 7.01 7.01
Electric consumption of the appliances 15.77 15.77
Total electric demand 29.85 28.28
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carriers imported to the building passing through the building
boundary. The generated electricity by any on-site renewable en-
ergy systems first covers the building electrical demand, and then
the surplus electricity is merely accounted for as the annual
weighted exported energy passing through the building boundary.
2. Methodology

Aiming to investigate the achievement of the four suggested
NZEB definitions, initially, the simulated results of the hourly en-
ergy demand for a standard house (SH) and a passive house (PH)
are obtained. The conventional thermal energy systems and shared
biomass micro and small CHP systems are illustrated as well as the
on-site supplementary systems. Finally, the balance of the four
NZEB definitions regarding all energy systems is checked without
any on-site supplementary systems. If the NZEB balance is not
Table 3
Features of the mechanical ventilation system and DHW needs.

House description S

Air flow rate
ACH for the occupied zones (Whole year) 0

Heat recovery efficiency 6

Specific fan power of the mechanical ventilation (SFP) kW/(m3/s) 2
DHW daily flow (l/person per day) 6
achieved, the required on-site supplementary system size is
determined.

2.1. Building description

As mentioned before, the two energy performance levels of a
single family house in Finland are considered. Based on the statis-
tics Finland for building sock of 2012 [35], residential buildings ac-
counted for 63% of the total gross floor area and 85% of the building
stock (75% detached houses and 10% blocks of flat). 68% of the
Finnish population lives in single family houses. The standard
tandard house Passive house

.7 all rooms, 0.98 living room 0.7 all rooms, 0.98 living room

0% 85%

1.5
2 37.6



To
ta

l t
he

rm
al

 d
em

an
d 

(k
W

)

Time (hour)

Standard house

Passive house

Fig. 3. Duration curves of the simulated total thermal demand for the standard and
passive houses.
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house (SH) is defined in accordance with the energy level by the
Finnish building regulation codes D3-2012 [26] and D5-2012
[27]. The passive house (PH) is defined in accordance with the
Finnish Association of Civil Engineers [RIL 249-2009] [36], which
defines the requirements of a passive house in Finland.

Because 75% of building stock is situated in south of Finland [37],
the house is located in Helsinki, Finland (60.2�N, 24.9�E). It is one-
story house with floor area of 150 m2. Fig. 2 presents the plan draw-
ing of the house. The height of the first floor is 2.5 m, covered by a
ventilated attic space that is not considered a heating space. The to-
tal glazing area is 21 m2, which corresponds to 16% of the heated
floor area. External solar shading is considered as solar protection
for all windows. Additionally, a window opening strategy is used
by considering 0.375 m2 (1.5 m height and 0.25 m width) of each
window is airing and has a possibility to open to avoid overheating
during summer. Therefore, there is no need for cooling systems.

The characteristics of the SH and PH, such as thermal transmit-
tance, air tightness and windows, are summarized in Table 2. Four
people live in the house. The indoor air temperature is set at 21 �C
[26]. All rooms in the house are heated by radiators. These radia-
tors can be electric or hot water types according to the thermal en-
ergy systems. An air handling unit (AHU) is used as a mechanical
ventilation system which consists of supply and extraction fans,
a heating coil, and a heat recovery system. The supply air temper-
ature to the rooms is set at 18 �C. If the outdoor temperature is
higher than 18 �C, the supply air passes directly to the building
through a bypass duct. The domestic hot water DHW demand is
calculated based on 55 �C supply temperature to the taps and
5 �C incoming cold water [26]. The detailed values of the mechan-
ical ventilation system and DHW for the SH and PH are shown in
Table 3. The profiles of occupancy, DHW, lighting, and household
appliances are compiled based on a detailed measured hourly pro-
file of the RET project conducted by VTT in 2005 [38].

The SH and PH are simulated by Trnsys 17 software [39]. The sim-
ulated thermal and electric demands of the SH and PH are shown in
Table 4. The simulation results indicate that, the space heating de-
mand and DWH demand are reduced by 67.4% and 41.8% between
SH to PH, respectively. The total thermal demand is reduced by
57%. The reduction of the electric demand is only 5% taken place in
the PH related to use a highly efficient energy ventilation system.
Moreover, the duration curves of the total thermal demands are
shown in Fig. 3. These results indicate that the peak thermal de-
mands of the SH and PH are 5.9 kW and 3.5 kW, respectively.
2.2. Energy systems

In 2011, the energy consumption of the energy sources in single
family houses in Finland was 29% electricity, 42% biomass, 13%
light oil, 10% ambient energy, and 6% DH [40]. Use of DH and GSHP
for heating in single family houses was grown through the last dec-
ade. For new single family houses constructed between 2006 and
2011, the percentages of the heating sources are 25% direct electric
heating, 38% ground source heat pump (GSHP), 14% district heat-
ing, 8% biomass (pellet, wood and woodchips), 2% oil, 13% others
[41]. Therefore, five conventional thermal systems are applied in
this study, covering the most implemented heating sources in
the single family houses. Besides, seven biomass-based micro
and small-scale CHP systems are investigated. For all systems,
the house is assumed to be connected to the electric grid. There-
fore, the electric grid compensates the shortage of the house elec-
tricity supply as well as receives the surplus electricity.

2.2.1. Conventional thermal systems
Five energy systems are chosen based on thermal supply by

conventional systems. To calculate the imported energy that
crosses the building boundary, the thermal energy demands are di-
vided by the relevant system efficiency. These efficiencies are de-
fined according to the Finnish building code D5-2012 [27]. The
first system is the electric heating system. The electric radiator effi-
ciency is 94%. The second system is the district heating (DH) sys-
tem. The monthly efficiency of DH varies between 96% and 91%.
The third system is a ground source heat pump (GSHP). The annual
mean seasonal performance factor (SPF) of the GSHP is taken as 3.0
for space heating and 2.3 for DHW. Light oil and wood pellet boil-
ers are the fourth and the fifth systems, respectively. The light oil
and wood pellet boiler capacities are 10 kW each according to
the minimum available capacities in the market. The monthly effi-
ciencies of the light oil and wood pellet boilers vary from 92–73%
and 76–56%, respectively. It should be emphasized that systems
efficiencies are fed as hourly values through the simulation pro-
cess. It should be noted that the thermal distribution losses and
the electric consumption by the pumps are taken into consider-
ation according to the Finnish building code D5-2012 [27]. Accord-
ing to the wood pellet boiler recommendation, 50 L water storage
has to be considered for each 1 kW thermal capacity of the boiler
[42]. Therefore, a 500-L hot water tank (HWT) is coupled by all en-
ergy systems to be utilized for space heating and DHW needs.

2.2.2. Biomass-based micro and small-scale CHP systems
Seven biomass-based micro and small-scale CHP systems are

investigated as renewable energy systems to achieve the NZEB bal-
ances. A 1.4 kWe wood pellet Stirling engine (WP-SE) is the stand-
alone biomass-based micro CHP. The performance of this unit is
available in [43]. According to the literature review, this (WP-SE)
is the only standalone biomass-based micro CHP available in the
market that is appropriate for the demands of a single family
house. Five shared biomass-based micro and small-scale CHP sys-
tems are: a 35 kWe Direct Combustion Stirling Engine (35 kWe DC-
SE) [44], a 35 kWe Updraft Gasifier Stirling Engine (35 kWe UG-SE)
[44], a 100 kWe Indirect Fired Gas Turbine (100 kWe IFGT) [45], a
30 kWe with Internal Combustion Engine coupled with gasifier
(30 kWe ICE) (the woodchip is converted to combustible gases by
heating in a reduced oxygen environment in a downdraft gasifier
after which the gas is cleaned and combusted in a modified com-
pression ignition engine) [46], and a 0.86 kWe direct combustion
Organic Rankine Cycle (0.86 kWe ORC) [47]. Table 5 provides the
performance of the previous biomass-based shared and micro
CHP systems. The last selected energy system considered is a
domestic scale polymer electrolyte membrane fuel cell (PEMFC)
that operates with hydrogen produced via an on-site central bio-
mass gasification plant. According to Toonssen et al. [48], the bio-
mass is converted to a produced gas in an atmospheric fluidized
bed gasification process using steam as the gasifying agent. The
producer gas is cleaned and processed to produce 99.99% pure



Table 5
Performance of standalone and shared biomass CHP and fuel cell systems.

Description Number of houses Electric power
Pe (kW)

Thermal output
Hth (kW)

Electrical
efficiency ge%

Thermal
efficiency gth%

Overall
efficiency gtot%

Power/
Heat P/H

Ref.

Standard Passive

1.4 kWe wood pellet SE 1 1 1.38 5.4 14.3 57.8 72.1 0.256 [43]
35 kWe direct

combustion SE
44 67 35 215 12.0 74.0 86.0 0.16 [44]

35 kWe updraft gasifier
SE

30 45 35 145 18.0 72.0 90.0 0.24 [44]

100 kWe direct
combustion IFGT

41 62 100 200 28.0 56.0 84.0 0.5 [45]

30 kWe gasifier, ICE 16 25 30 80 23.0 61.0 84.0 0.377 [46]
0.86 kWe biomass fired

ORC
9 14 0.86 47.26 1.41 78.69 80.1 0.0184 [47]

The hydrogen based
PEMFC

1 1 2.70/1.8 4.80/3.2 15.32 27.28 42.60 0.56 [48,52]
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hydrogen in order to meet the requirements for a PEMFC. The com-
pressed hydrogen is supplied to a hydrogen grid that can be con-
nected to a domestic scale PEMFC (henceforth referred to only as
PEMFC), as shown in Fig. 1b. From an economical point of view,
according to [49], producing hydrogen from biomass is already
economically competitive related to other hydrogen production
methods from renewable energies, for example, onshore wind, off-
shore wind, solar thermal electric, solar PV, and nuclear energy. It
should be noted that the overall efficiency of a fuel cell operating
with hydrogen produced via centralized gasifier-fed biomass or
coal is until now less than 50% [48,50,51], mainly due to losses in
the conversion process.

The biomass fuel fed to the shared CHP systems of these cases is
woodchips. A 500-L HWT is installed as a terminal storage tank for
space and domestic hot water demands at each house, as men-
tioned earlier. Therefore, no central storage tank is considered.
Fig. 4 shows the standalone CHP electric and thermal connections.
The PV panels and the solar thermal collectors (STC) connections
shown in Fig. 4 are applied in further stages in this study as will
be illustrated in Section 2.3. The same thermal and electric connec-
tions are applied for the shared CHP, but indirectly through the
electric grid and the thermal distribution network. The different
biomass shared systems are selected according to the electric
and thermal outputs and their efficiencies to investigate the effect
Fig. 4. Standalone CHP therma
of their thermal and electric characteristics in achieving the NZEB
balances.

Regarding the number of houses served by any shared biomass
CHP showed in Table 5, the thermal tracking operation is the com-
mon control strategy for CHP units. Therefore, the numbers of the
SH and PH are calculated by dividing the thermal output including
the distribution losses of the thermal network by the peak thermal
demand of the house. From the simulated results, it is found that
even if one hour is used as the simulation time-step, it is necessary
to install a 1 kWe electric heater as an auxiliary system to avoid
any fluctuations in the water supply temperature. In order to in-
crease the operating hours of the shared CHPs to increase the pro-
duced electricity, the peaks of thermal demands of SH and PH are
optimized to be 4.8 kW and 3.2 kW rather than the peaks of 5.9 kW
and 3.5 kW, respectively, using the same auxiliary electric heater
capacity. For the shared CHP, the community of the houses in-
cludes similar houses with its own tank and pumps. Also, the ther-
mal outputs of PEMFC are scaled to be matched with the peak
thermal demand of the SH and PH. The performance and the con-
trol strategy of PEMFC are based on [52]. Table 5 shows the perfor-
mance of the installed PEMFC for the SH and PH, based on either
biomass or hydrogen fuel.

It must be emphasized that the associated emissions of startup
burning biomass which always contain NOx and CO with high CO2-
l and electric connections.
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eq emissions are not taken into account, as well as any particular
pollutions associated with biomass burning.

2.3. On-site supplementary systems

The NZEB balance for each definition is investigated for all en-
ergy systems mentioned separately in Section 2.2. An on-site sup-
plementary system has to be installed whenever the NZEB balance
is not achieved by producing electricity or heat from the solar en-
ergy. As shown in Table 1, the weighting factor of any heat and
power produced on-site from solar energy is zero for all NZEB def-
initions. Two ways are applied to fulfill the NZEB balance: (1)
Installing photovoltaic (PV) modules to offset the difference be-
tween the imported and exported crediting by producing electric-
ity on-site. (2) In order to study the effect of reducing the thermal
demand on the NZEB balance for all energy systems, flat plate solar
thermal collectors (STCs) are installed as an additional heating sys-
tem, and the NZEB balance is not achieved; the required PV area
can be determined as well. The following subsections illustrate
the performance of the on-site supplementary systems used in this
study.

2.3.1. Photovoltaic (PV) modules
The orientation of the PV modules is selected to face south with

a tilt angle of 45�. The electricity production after the inverter of a
one square meter of PV is 93.0 kW h/a, which is equivalent to
0.62 kW h/a per floor area of the house. It should be noted that
in all cases, the calculated PV area is rounded up to get an integer
number of modules.

2.3.2. Flat plate solar thermal collectors (STC)
The flat plate solar thermal collector (STC) module has a gross

area of 2.874 m2 where it is used and simulated by [53]. To collect
maximum solar radiation by the STC in Finland, the STC is oriented
facing south with a 45� tilt based on [12]. This is in accordance
with Finnish building code D5 [27], which indicates that the best
orientation is south, southeast or southwest, and the optimal tilt
angle is between 30� and 70�. The STC area is determined by para-
metric analysis for different areas of the STC with two different
systems the DH and the WP-SE. Fig. 4 shows the STC connection
with the standalone CHP (the WP-SE). The same connection is ap-
plied for all alternative heating systems. The thermal load (space
heating and DHW) is extracted from the hot water storage tank.
The DH and STC supply the heat to the storage. The STC has the pri-
ority over any alternative system when the enough solar energy is
Fig. 5. Annual useful energy by solar thermal collector versus its module numbers
for DH and WP-SE cases.
available. The STC is controlled according to the temperature dif-
ference cross the STC (DTsc). The solar pump turns ON under con-
dition of 2 �C 6 DTsc 6 10 �C. Additionally, the solar pump turns
OFF whenever the top tank temperature is 95 �C. The DH and
WP-SE system is controlled to achieve the top storage tank temper-
ature to be between 65 �C and 55 �C. Fig. 5 shows the annual useful
solar energy of DH and WP-SE cases, which goes through the 500-L
storage tank for the SH and PH. According to Fig. 5, the gradient of
the solar thermal energy gained decreased rapidly after four mod-
ules of the STC. Therefore, four modules of the STC with a gross
area of 11.5 m2 are selected to be installed for all systems and
houses. However, the annual useful energy gain is slightly changed
from case to another due to the thermal performance of each sys-
tem and the thermal demand of the SH and PH, but the same trend
is observed due to using similar control strategy and coupling con-
nections between all systems and the STC. In the case of DH, the
useful solar energy gain of coupling an 11.5 m2 STC are 13.42
and 10.44 kW h/m2 a for the SH and PH, respectively, which cover
approximately 35.3% and 47.2% of DHW demands for the SH and
PH, respectively.
3. Results and discussion

As mentioned above, the twelve energy systems for both SH and
PH are simulated using the Finnish weighting factors regarding
each NZEB definitions separately. The balance is then checked
and achieved by post-processing and calculating how much PV
area is required to achieve the annual balance. After that the effect
of coupling the STC is analyzed. The comparison of using Finnish
and international weighting factors is carried out.
3.1. Net zero primary energy building (NZEB-Finnish PE)

The weighting factors of the energy carriers of (NZEB-Finnish
PE) definition are defined by the Finnish building code D3-2012
[26], shown in Table 1. Fig. 6 shows the imported and exported pri-
mary energy (PE) for all energy systems. The sum of imported pri-
mary energies is illustrated on the X-axis. The Y-axis shows the
exported PE which is related only to the surplus electricity of the
CHP systems production. The vertical distance from the presented
point of any case to the zero balance line must be supplied by the
on-site electricity production from PV to achieve the NZEB balance.

Table 6 shows the PV area required to achieve the balance of all
the NZEB definitions for the SH and PH. It should be noted that
after installing the required PV area, some of the produced electric-
ity will move all the points to the left on the X-axis, due to the self-
matching of the production and consumption and will then move
them upward to the zero balance line as exported electricity. The
example in Fig. 6 shows the case of the shared 100 kWe IFGT with
the community of SHs, indicated by point A. The imported and ex-
ported PEs are 130 and 71 kW h/m2 a, respectively. By installing a
PV area of 56 m2 to achieve the NZEB-Finnish PE balance according
to Table 6, point A moves to the left to point B0 (where the im-
ported PE is reduced to 120 kW h/m2 a due to the self-matching
of the electricity consumption of the PV electricity production)
and then moves upward to point B due to export of the same
amount of PE which fulfills the balance between imported and ex-
ported PE. The sum of the distances from point A to B0 and from B0

to B is equal to the vertical distance from point A to A0.
In accordance with the Finnish PE limit defined in the building

codes D3 [26], the corresponding imported Finnish PE must be
lower than 159.5 kW h/m2 a for a 150 m2 floor area. This limit is
shown in Fig. 6. Without installing any PV area, the SH with elec-
trical heating, light oil boiler and PEMFC cases are not appropriate
as energy systems since their corresponding imported Finnish PEs



Fig. 6. Imported/exported primary energy according to the Finnish reference data for all cases (unfilled and filled marks are the SH and PH cases, respectively).
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are higher than the defined limit. The reason is the high weighting
factors of electricity (1.7), light oil (1.0), and very low overall effi-
ciency of 42.6% of the PEMFC based on biomass fuel. When the
house becomes PH, all the energy systems are within the code PE
limits.

From Fig. 6, it can be noticed that the net Finnish PE of all PH
cases is less than the corresponding SH cases according to the
vertical distance between any point and the zero balance line.
Generally, the higher reductions are by the conventional systems
that depend on an electric grid or fossil fuel to produce thermal
energy (highest net Finnish PE reduction is 93 kW h/m2 a for
the electrical heating case), while the lower reductions are by
the shared biomass CHPs. The reason is that whenever the ther-
mal demand is low, the associated electricity production, utilized
by the house and/or exported is low. The lowest reduction of
Finnish PE is only 8 kW h/m2 a for the 100 kWe IFGT, which has
a high electric efficiency of 28% and a P/H ratio of 0.5. The same
results mentioned above are presented in Table 6 but in the form
of the PV area required for the SH and PH cases. The smallest PV
areas required are 49 m2 and 56 m2, underlined and indicated in
Table 6, corresponding to the 100 kWe IFGT with the PH and SH,
respectively.

3.2. Net zero site energy building (NZEB-site)

In the NZEB-site balance, the quantity of the physical delivered
energies crossing the building boundary are only accounted for
without taking any consideration for other features of the energy
such as its source, pollution, cost and availability [8]. Therefore,
the weighting factors for all energy carriers equal unity as shown
in Table 1. Obviously the system, which provides high energy effi-
cient building (i.e., PH) and has high efficiency, is the best solution
from the NZEB-site point of view, where low imported energies
will be needed. Therefore, as shown in Fig. 7, the shorter vertical
distance is from the GSHP case of PH to the zero balance line,
and this means that the GSHP as a thermal energy system which
has a high SPF connected to a PH, has the lowest net site energy
of 51 kW h/m2 a, which must be generated on-site by installing
an 85 m2 PV area to achieve the balance, according to Table 6.
The PEMFC providing the SH is the worst case. It has 438 and
83 kW h/m2 a as imported and exported site energies, respectively,
and it is out of the presented scale of Fig. 7. Therefore, the NZEB-
site definition is hard to apply due to the high investment cost
needed for the on-site supplementary system, for example the PV
area to achieve its balance as shown by the high values indicated in
Table 6.

From Table 6, it can be noticed that the required PV for electri-
cal heating is equal for SH and PH; same for the GSHP system. The
reason is that the electricity is the only energy carrier imported
from the grid and exported by the PV crossing the building bound-
ary and symmetrical weighting factor is used. Therefore, the result-
ing PV area required will always be the same for all the NZEB
definitions.
3.3. Net zero emission building (NZEB-Finnish emission)

Fig. 8 shows the imported and exported CO2-eq emissions in
kgCO2/m2 a for all energy systems. The imported CO2-eq emissions
mean the released CO2-eq emissions associated with the im-
ported energies, whereas the exported CO2-eq emissions mean
the displaced CO2-eq emissions in the grid associated with the ex-
ported energies from renewable energy sources, using the sym-
metric CO2-eq emissions factors in Table 1. It can be seen that
the points indicated in Fig. 8 can be categorized into two groups.
Group 1 includes the conventional systems plus the 0.86 kWe
ORC. Group 2 includes the rest of all systems. As shown in
Fig. 8, the imported CO2-eq emissions decrease when the house
is more thermally efficient (i.e., PH) for Group 1 because the ther-
mal demand is covered by the conventional systems while the
electricity needs are imported from the grid separately. The
exception is in case 0.86 kWe ORC where, the very small amount
of electricity produced on-site is associated with heat production,
but it is utilized entirely by the house. All these cases are on the
X-axis, i.e., there is no electricity exported. The best cases among
this group are the wood pellet boiler and 0.86 kWe ORC fed by
biomass, which have a low CO2-eq emissions factor, unlike other
conventional systems fed by electricity, fossil fuel, or district
heating which have already relativity high CO2-eq emission fac-
tors. See Table 1.



Table 6
PV area required to achieve the balance for the four NZEB definitions for the SH and PH.

Energy systems PV area required of standard house (m2) PV area required of passive house (m2)

NZEB-Finnish
PE

NZEB-
site

NZEB-Finnish
emission

NZEB-
cost

NZEB-Finnish
PE

NZEB-
site

NZEB-Finnish
emission

NZEB-
cost

Electrical Heating 215 215 215 215 124 124 124 124
District heating 134 247 150 146 91 149 99 97
Ground source heat pump 117 117 117 117 85 85 85 85

Light oil boiler 183 275 182 232 115 162 115 140
Wood boiler 121 297 57 151 80 167 49 95
1.4 kWe wood pellet Stirling engine 95 308 18 131 67 167 30 84
35 kWe direct combustion, Stirling engine 94 270 31 124 68 155 36 82
35 kWe updraft gasifier, Stirling engine 80 261 14 110 61 152 28 76
100 kWe Direct Combustion Indirect Fired

Gas Turbine
56 287 0 95 49 165 8 69

30 kWe gasifier Internal Combustion Engine 70 282 0 106 56 162 18 74
0.86 kWe Organic Rankine Cycle 117 288 56 146 79 165 48 94
Domestic scale PEMFC connected to shared

gasifier
165 655 0 247 109 358 19 151

Under-lined values indicate the minimum PV area required for each NZEB definition.

Fig. 7. Imported/exported site energy for all the cases (unfilled and filled marks are the SH and PH cases, respectively).
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In contrast is Group 2, (which includes the standalone WP-SE
and the shared CHP systems), as they are affected negatively by
making the house more thermally efficient (i.e., PH). Therefore,
the SH cases are closer to the zero balance line than the PH cases.
The reason has two attributes. First, electrical demand of the PH
does not have the same reduction relative to the SH as the ther-
mal demand. As shown in Table 4, the electric reduction that
takes place in the PH is only related to the use of a highly effi-
cient energy ventilation system with only 5% reduction, while
the thermal reduction is 57%. This means that while the opera-
tional strategy of the CHPs is thermal tracking, the possibility of
the SH to produce electricity (whether utilized by the house de-
mand and/or exported to the grid), is higher than for the PH.
For example, the annual exported electricity of the 100 kWe IFGT
system for the SH and PH is 41.47 and 17.10 kW h/m2 a,
respectively, and the annual imported electricity for the SH and
PH is 17.5 and 16.6 kW h/m2 a, respectively. The annual imported
biomass energy is 203 kW h/m2 a and 102 kW h/m2 a for the SH
and PH, respectively. The biomass weighting factors of 18 gco2/
kW hend for wood pellets and wood chips are very low compared
to the weighting factor of 456 gco2/kW hend of the grid electricity.
As shown in Fig. 8, the total associated emissions of the imported
energy for the PH of 9.8 kgCO2/m2 a, which is slightly lower than
that for the SH of 11.3 kgCO2/m2 a, but the total associated emis-
sions of the imported electricity for the PH of 7.9 kgCO2/m2 a is
lower than that for the SH 19.2 kgCO2/m2. It can be concluded
that, getting NZEB-Finnish emission balance is easier with SH
than with PH, however, the total imported energy is higher.
Therefore, a building with a very low thermal energy demand will
certainly reduce the total imported energy but it will not be a



Fig. 8. Imported/exported CO2-eq emissions according to the Finnish reference data for all cases (unfilled and filled marks are the SH and PH cases, respectively).

Fig. 9. Imported/exported energy cost for all the cases (unfilled and filled marks are the SH and PH cases, respectively).
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step towards achieving NZEB with the biomass-based CHP sys-
tems that operate under thermal tracking strategy.

Fig. 8 also shows that there are three biomass CHP systems that
are plus net emission cases: 100 kWe IFGT, 30 kWe gasifier ICE,
and PEMFC with the community of the SHs. These biomass CHP
systems have higher P/H ratios as well as higher electrical efficien-
cies. Table 6 shows the PV area required to achieve the balance of
the NZEB-Finnish emission for all cases of the SH and PH, which
shows that the NZEB-Finnish emission in the biomass systems
needs the smallest sizes of the PV to obtain the balance compared
to the other definitions.
3.4. Net zero energy cost building (NZEB-cost)

Fig. 9 shows that increasing the building energy efficiency from
the SH to PH decreases the net operational energy cost for all of the
energy systems. As shown in Table 6, the PV area required to
achieve the balance of the NZEB-cost is higher than both the
NZEB-Finnish PE and NZEB-Finnish emission for all energy sys-
tems. The reason is that the ratio of the energy carrier cost to the
electricity cost is always higher than the ratio of the weighting fac-
tor of the energy carrier of either PE or CO2-eq emissions to the
weighting factor of the electricity of both the NZEB-Finnish PE
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and NZEB-Finnish emission. For example, the wood to electricity
weighting factor ratio of 3.4 and 25.3 of the NZEB-Finnish PE and
the NZEB–Finnish emission, respectively are higher than that for
of the NZEB-cost 2.4. Additionally, according to the associated
reduction of the PV area required due to increasing the building en-
ergy efficiency from the SH to PH is higher than both of the NZEB-
Finnish PE and NZEB-Finnish emission. It can be noticed from Fig. 9
that the shared 100 kWe IFGT with the PH is the best case, and the
second is the 30 kWe direct ICE with the PH, where two cases have
high electrical efficiencies of 28% and 23%, respectively. The PEMFC
with the SH is the worst case due to low overall efficiency based on
biomass. It can be concluded that applying the NZEB-cost where
larger a PV area is required to achieve the balance needs a higher
investment cost than both the NZEB-Finnish PE and NZEB-Finnish
emission. Also, from the operational energy cost point of view, if
the NZEB-cost definition has to be applied, it is necessarily to make
the house highly energy efficient.
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(c) NZEB-Finnish emission
Standard house Passive house

PV area w/o SCT

PV area w/i SCT

PV area w/o SCT

215 134 117 183 121 95 94 80 56 70 117 165

197 126 104 168 112 91 89 77 55 68 110 151

124 91 85 115 80 67 68 61 49 56 79 109

114 85 75 105 75 64 64 59 49 55 74 99

215 150 117 182 57 18 31 14 0 0 56 0

197 140 104 167 57 22 32 18 0 0 55 0

124 99 85 115 49 30 36 28 8 18 48 19

PV area w/i SCT 114 91 75 104 49 33 38 32 15 23 48 26

Fig. 10. Reduction of net energy crediting by installing an 11.5 m2 STC for all of the NZEB
and after installing the STC in m2.
3.5. Influence of installing the solar thermal collector (STC) on the
NZEB definitions

The aim of this section is to analyze the influence of a STC
on the NZEB definitions. As mentioned in Section 2.3.2, the
STC area of 11.5 m2 is selected in the SH and PH. The control
strategy of the STC is selected to give the priority of utilizing
the useful solar energy produced by the STC over any energy
system. The consumed electricity by the circulating pump of
the STC is taken into account. The useful solar energy produced
varies slightly according to energy system and the house ther-
mal demand.

Fig. 10a shows the effect of installing the STC on the net Finnish
PE and the PV area required before and after installing the STC for
the NZEB-Finnish PE. The reductions are due to the compensating
portion of the imported energy by thermal energy produced on-
site from solar energy by the STC with zero PE factor. Thus, the
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(b) NZEB-site
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(d) NZEB-cost 

Standard house Passive house

PV area w/o SCT 215 247 117 275 297 308 270 261 287 282 288 655

PV area w/i SCT 197 228 104 249 266 282 246 238 262 257 262 580

PV area w/o SCT 124 149 85 162 167 167 155 152 165 162 165 358

PV area w/i SCT 114 133 75 144 147 147 136 133 144 142 145 302

PV area w/o SCT 215 146 117 232 151 131 124 110 95 106 146 247

PV area w/i SCT 197 137 104 211 138 123 115 104 90 100 136 223

PV area w/o SCT 124 97 85 140 95 84 82 76 69 74 94 151

PV area w/i SCT 114 90 75 125 87 78 76 71 65 70 86 133

definitions. The table under each sub-figure indicates the associated PV area before
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systems that are fed by imported fuels which have a high PE factor
as electricity and light oil and/or have low efficiency as biomass-
based PEMFC have the highest reductions of 18.8, 16.1, and
14.9 kW h/m2 a with the SH, respectively. On the other hand, the
micro and small-scale CHP have low reduction of the net Finnish
PE. The 100 kWe IFGT has a negligible affect for the SH and the
PH because the 100 kWe IFGT has a high electrical efficiency and
reducing the thermal demand will also reduce the associated pro-
duced electricity.

Fig. 10b shows the effect of installing the STC on the net site
energy and the PV area required before and after installing the
STC for the NZEB-site. Because the weighting factor for all energy
carriers is unity, the reduction of the net site energies is mainly
reflected by efficiencies in the systems. For example, the largest
and lowest reductions of the net site energy of 46.8 and
6.3 kW h/m2 a are the biomass-based PEMFC with SH and the
GSHP with PH, respectively. It can be noticed that reducing the
thermal demand by installing the STC is a step toward achieving
the NZEB-site balance.

For the NZEB-Finnish emission, Fig. 10c shows the effect of
installing the STC on the CO2-eq emissions and the PV area
required before and after installing the STC. For conventional
thermal energy systems except the wood boiler, have a reduc-
tion of the CO2-eq emissions within the range of 5.1 and
2.2 kgCO2/m2 a. For the biomass-based systems and due to a very
small biomass weighting factor relative to other used fuels,
additional PV area is required to achieve the balance as shown
in the table under Fig. 10c, especially when changing the house
from SH to PH. The reason is similar to that illustrated in Sec-
tion 3.2.

Regarding the NZEB-cost, Fig. 10c shows the effect of installing
the STC on the operational energy cost and the PV area required be-
fore and after installing the STC. The reduction of the operational
energy cost of all systems has the same behavior as the reduction
of the PE. Generally, the potential reduction in operational energy
cost is higher than that of the PE, because the ratios of all energy
carriers’ weighting factors to the grid electricity weighting factor
of the NZEB-cost definition are higher than that of the NZEB-Finn-
ish PE definition.
Fig. 11. Net Finnish PE vs. net IEA primary energy of the twelve cases providing standa
It can be concluded that for the conventional thermal energy
systems, the reduction of the net credits and associated reduc-
tion of the PV area required are affected inversely by the system
thermal efficiency (where low thermal efficiency means high
savings in imported energy) and proportionally with the weight-
ing factors of the imported energies of each NZEB definition
(high weighting factor means high savings in imported energy).
For biomass-based micro and small-scale CHP systems, the
reduction of the net credits and associated with the reduction
of the PV area required are affected inversely with both overall
and electrical efficiencies of the CHP and proportionally with
the ratio of the weighting factor of biomass to grid electricity
for each NZEB definition, where the produced electricity by the
CHP reduces and/or offsets the imported electricity. The order
of the NZEB definitions according to their net credits and PV re-
quired reductions are NZEB-site, NZEB-cost, NZEB-Finnish PE and
NZEB-Finnish emission, followed by the ratios of the biomass to
electricity weighting factors (1:1 = 1), (5.47:13.24 = 0.41),
(0.5:0.7 = 0.29), and (18:456 = 0.04),as shown in Fig. 10b, d, a
and c, respectively.

It can be concluded that for all of the NZEB definitions (except
NZEB-site) and without any exporting heat to the thermal distribu-
tion network, installing the STC has lower benefits over installing
the PV system, especially for the biomass CHP systems due to the
following reasons: (1) While the electricity has higher weighting
factor for all NZEB definitions, the electricity produced by the PV
can cover a part of the electric demand and thermal demand as
well by converting it to heat through the auxiliary heater for exam-
ple. (2) Depending on the solar energy availability, the electricity
produced by the PV can be utilized and/or exported, while the heat
gained by the STC is controlled to be based on the thermal demand.
(3) Installing the STC reduces the availability to operate the bio-
mass CHP for longer periods and produce electricity which can off-
set the imported grid electricity; (4) For the NZEB-Finnish emission
definition which has a very low biomass weighting factor com-
pared with the grid electricity factor, dependence on providing
the thermal demands of a biomass CHP creates an opportunity to
produce electricity even though this biomass CHP has low electri-
cal efficiency.
rd and passive houses (unfilled and filled marks are SH and PH cases, respectively).



Table 7
Comparison PV area required to achieve the balance for the NZEB primary energy and CO2-eq emission definitions based on Finnish and international reference data for the SH and
PH.

Energy Systems PV area required of standard house (m2) PV area required of passive house (m2)

NZEB-
Finnish PE

NZEB–
IEA–PE

NZEB-Finnish
emission

NZEB–IEA-
emission

NZEB-
Finnish PE

NZEB–
IEA–PE

NZEB-Finnish
emission

NZEB-IEA-
emission

Electrical heating 215 215 215 215 124 124 124 124
District heating 134 118 150 163 91 83 99 106
Ground source heat pump 117 117 117 117 85 85 85 85
Light oil boiler 183 176 182 214 115 111 115 131
Wood boiler 121 62 57 73 80 51 49 56
1.4 kWe wood pellet Stirling engine 95 25 18 37 67 33 30 39
35 kWe direct combustion, Stirling

engine
94 27 31 41 68 34 36 41

35 kWe updraft gasifier, Stirling engine 80 11 14 25 61 27 28 34
100 kWe Direct Combustion Indirect

Fired Gas Turbine
56 0 0 0 49 5 8 15

30 kWe Gasifier Internal Combustion
Engine

70 0 0 6 56 16 18 25

0.86 kWe Organic Rankine Cycle 117 52 56 66 79 47 48 53
Domestic scale PEMFC connected to

shared gasifier
165 0 0 17 109 14 19 34
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3.6. Comparison between the influence of different weighting factors
on the same NZEB definition

This section aims to compare the influences of using the
weighting factors based on Finnish and international references
data as shown in Table 1.

3.6.1. Influence of Finnish and IEA primary energy factor on the NZEB-
PE

The difference between the primary energy factors of Finland
and IEA is related to the relative portion of the electricity produc-
tion by RESs in the national or international grid. Fig. 11 shows
the relation between net IEA–PE and net Finnish PE for all of
the studied cases. Regarding the NZEB-Finnish PE, the PE values
of all the cases decrease with change in the house from the SH
to the PH as shown in Section 3.1. For the NZEB–IEA–PE, the PE
values of the conventional thermal energy systems decrease with
change in the house from the SH to the PH, while the PE values of
the biomass CHP systems increase. From both Fig. 11 and Table 7,
it can be noticed that the biomass CHP systems, the 100 kWe
IFGT, the 30 kWe gasifier ICE and the domestic scale PEMFC, pro-
viding the SH are all plus NZEB–IEA–PE, while in Fig. 11 it can be
seen that the NZEB-Finnish PE balance is not achieved solely by
any system. It can be concluded that achievement of the NZEB–
IEA–PE always needs a PV area less than the NZEB-Finnish PE
with both the SH and PH, especially for the biomass CHP systems
with the SH (except the 0.86 kWe ORC system) as shown in
Table 7.

3.6.2. Influence of Finnish and IEA CO2-eq emissions factors on the
NZEB-emission

Based on the CO2-eq emissions factors shown in Table 1, it can
be noticed that, except the electricity, the IEA CO2-eq emissions
factors of the other energy carriers are higher than the Finnish
ones. Therefore, the required PV areas to achieve the NZEB-Finn-
ish emission balance are smaller than that for the NZEB–IEA
emission regarding the same energy system and the house energy
demand level, as indicated in Table 7. For example, for the con-
ventional systems, the light oil boiler and wood pellet boiler, con-
nected to the SH, need 182 and 57 m2 of PV area, respectively to
achieve the balance of NZEB-Finnish emission, while 214 m2 and
73 m2 of PV area are needed for the NZEB–IEA emission, respec-
tively. For the biomass CHP systems, 100 kWe IFGT, 30 kWe
gasifier ICE and the domestic scale PEMFC are all plus NZEB-Finn-
ish emission, whereas only the 100 kWe IFGT connected to the SH
is plus NZEB–IEA emission. It is also noticed that both of the
NZEB-Finnish emission and NZEB–IEA emission have negative ef-
fects when increasing the building thermal efficiency with the
biomass CHP systems. It can be concluded that achieving the
NZEB-Finnish emission balance is easier than the NZEB–IEA emis-
sion balance for all the studied energy systems with both the SH
and the PH.
4. Conclusions

This study aims to investigate the achievement of four Net Zero
Energy Building (NZEB) balances, NZEB–PE, NZEB-site, NZEB-emis-
sion and NZEB-cost, considering the four metrics of, primary en-
ergy (PE), site energy, CO2-eq emissions and energy cost,
respectively, using weighting factors based on Finnish reference
data. Five conventional thermal energy systems and seven micro
and small-scale biomass-based CHPs are investigated when con-
nected with two different energy levels of a single family house,
a standard house (SH), and a passive house (PH) in Finland. The an-
nual balance of import/export concerning the operational thermal
and electrical energies was investigated. Additionally, a compari-
son between using national Finnish and international weighting
factors of both primary energy and equivalent CO2-eq emission is
analyzed.

The following findings are obtained from this comparative
study:

� Electrical heating, light oil boiler and domestic scale H2 PEMFC
with the SH have imported PE higher than the PE limit value
defined by the current Finnish building regulation code.
� The NZEB definitions can be arranged in the following order

according to the ease of achieving of the annual balance: (1)
NZEB-Finnish emission (2) NZEB-Finnish PE (3) NZEB-cost and
(4) NZEB-site. This order is due to the ratio of the weighting fac-
tors of any energy carrier to that for the grid electricity (Here,
the electrical grid is the only two ways energy flow considered).
� For the conventional thermal energy systems, however, increas-

ing the thermal energy efficiency by using efficient thermal
insulation or by installing solar thermal collectors (STC) is a step
towards fulfilling all of the NZEB balances.
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� Making the thermal energy demand of a building very low (PH
instead of SH) has a reverse effect on the balance achievement
of NZEB-Finnish emission for the biomass-based micro and
shared CHPs. This is because of the thermal tracking control
strategy used, no possibility of heat export to the thermal distri-
bution network and the ratio of the weighting factors of the
electricity to the biomass, which is very high in this definition.
A similar conclusion is found for the NZEB–PE and NZEB-emis-
sion based on the international reference data.
� For the biomass CHP systems, installing solar thermal collectors

reduces the availability to operate the CHP for longer periods
and consequently to produce electricity from biomass that has
a low weighting factor compared with the grid electricity.
� Fulfilling the NZEB–PE using the weighting factors based on the

international reference data is easier than using the weighting
factors based on the Finnish reference data. Achieving the
NZEB-emission is easier using the Finnish reference data than
the international reference data.
� This study shows that, up to date, a domestic scale biomass CHP

is not the best solution for the NZEB to replace a centralized
power supply. A local shared biomass CHP is better due to its
characteristics (high overall efficiency and power to heat ratio).
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