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ABSTRACT: The Net Zero Energy Building (Net ZEB) concept is worldwide recognised as a promising solution for 

decreasing buildings’ energy use. Nevertheless, a consistent definition of the Net ZEB concept is constantly under 

discussion. One of the points on the Net ZEB agenda is the zero energy balance, in particular the types of energy use that 

should be included in it. Since the user perspective and the cost of energy-efficiency technologies is so crucial for the 

successful adaptation of energy-conservation solutions, such like the Net ZEB concept, this paper has deployed the Life 

Cycle Cost (LCC) analysis and taken a view point of private building owner to investigate what types of energy uses 

should be included in the cost-optimal zero energy balance. The analysis is conducted for five renewable energy supply 

systems and five user profiles with a study case of a multi-storey residential Net ZEB. The results have indicated that with 

current energy prices and technology, a cost-optimal Net ZEB zero energy balance accounts for only the building related 

energy use. Moreover, with high user related energy use is even more in favour of excluding appliances from the zero 

energy balance.  
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INTRODUCTION 

The Net Zero Energy Building (Net ZEB) concept is 

worldwide recognised as a promising solution for 

decreasing the energy use of building sector. At the 

European level in May 2010, the European Commission 

adopted a recast of the Directive on Energy Performance 

of Building (EPBD) with nearly zero energy building as 

the building target for public authorities’ buildings by 

2019 and for all new buildings by 2021 [1]. Despite the 

clear international goals, a comprehensive and consistent 

definition of Net ZEB concept is constantly under 

discussion [2-4]. One of the points on the Net ZEB 

agenda is the zero energy balance and its boundaries, in 

particular which energy uses should be included in it.  

 

 The energy rating and certification methods of a 

building, defined in the European standards and followed 

by the majority of European building codes, account for 

only the energy uses related to the operation of building 

services, e.g. heating and ventilation [5,6]. The main 

reason for neglecting user related energy consumption, 

i.e. energy use for appliances, cooking and lighting (for 

residential buildings lighting is a voluntary input), in 

energy performance calculations is due to its high 

uncertainty and lack of sufficient data/inputs. However, 

as studies of occupant behaviour indicate there is a great 

potential for reducing overall energy use and improving 

building economy by motivating energy efficient 

behaviour [7,8]. This becomes an important factor, if 

considering that with constant improvement of energy 

efficiency technologies, the energy use for building 

operation decreases. Hence, the user related energy 

becomes an important part of the total energy use of a 

building. Moreover, seen from the utility perspective 

only the total energy use of the Net ZEB counts, and the 

division between building and user related energy is 

irrelevant. The boundaries of the zero energy balance 

could be even more extended by including the energy 

embodied in building materials and systems and/or 

energy use for building construction, renovation and 

demolition. Due to greater use of energy-intensive 

materials, larger buildings and more frequent 

refurbishments, the energy embodied in building 

construction and installations grows. Therefore, if the 

trend of deeper cuts of energy used during building’s 

operation phase is maintained, the magnitude of the 

embodied energy in the life cycle a Net ZEB building 

will increase. However, similarly as with user related 

energy use, there is a lack of accurate and reliable 

values/inputs and thus a lack of interest in calculation 

and analysis of the embodied energy [9]. 

 

The issue of obligatory energy uses taken into 

consideration by assessment of energy performance of 

buildings has been discussed globally for decades and 

now it is also related to the boundaries of the zero energy 

balance. The Net ZEBs will be part of the future Danish 

building stock, whose largest share with around 87% 

represents private owners [10]. For this target group 

economy is one of the decision-making factors when 
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choosing energy-conservation solutions. Therefore, if 

Net ZEBs should be successfully implemented in the 

building stock, the Net ZEB concept should be developed 

to first of all meet the requirements of the private owners. 

Hence, this paper deploys the cost analysis and takes the 

private perspective to investigate what are the boundaries 

of the economically most advantageous zero energy 

balance. Thus it significantly contributes to the 

development of a user-friendly Net ZEB definition. The 

study takes into consideration two cases: (1) the zero 

energy balance including both the energy use for 

building services and household appliances, further in the 

paper called as the total balance; (2) the zero energy 

balance including only energy use for building service, 

later called as the partial balance. The energy embedded 

in building construction and installations is out of scope 

of this paper. A study case is a new multi-storey 

residential Net ZEB designed to meet the energy 

performance requirements of the Danish low energy class 

2020 (20 kWh/m
2
 per year of primary energy use) [11]. 

The analysis encompasses only the on-site renewable 

energy supply options (RES). It includes five scenarios 

of user profiles (energy use for household appliances, 

lighting and domestic hot water (DHW)) in order to 

evaluate the influence of different occupants’ topologies. 

 

 

METHODOLOGY 

The general methodology applied in this analysis is as 

follows. Firstly, the energy use of a Net ZEB is simulated 

in an hourly-based dynamic simulation tool BSim [12]. 

Secondly, the RES components are sized to generate 

renewable energy and thus to offset energy use. It is done 

separately for the zero energy balance including only 

energy use for building’s services and the balance that 

additionally encompasses household energy use. Finally, 

the life cycle costs are calculated also separately for both 

balances.  
 

Net ZEB study case 

 
 

Figure 1: TEAM+1 winning design of BOLIG+ building 

                                            
1 Architects ARKITEMA; Leif Hansen Consulting Engineers A/S; 

EsbensenConsulting Engineers A/S; FAKTOR 3 Aps, DONG Energy; 

 The Net ZEB study case is a multi-storey residential 

building located in Denmark, which is designed for 180 

occupants distributed in 60 apartments. The model of the 

building is based on the design of the winning project of 

BOLIG+ competition [13]. The building is north-south 

orientated and consists of one part of 6 stories - 18.6m of 

height and a second part of 10 stories – 30.9m of height 

(Fig. 1). The building footprint and total area is 824m
2
 

and 7000m
2
, respectively. The building is assembled 

from 114 modules with an average area of 61.4 m
2
. The 

U-values of the envelope construction are as follows: 

external wall – 0.1 W/m
2
K, floor – 0.08 W/m

2
K, roof – 

0.07 W/m
2
K, windows – 1.0 W/m

2
K. The glazing area is 

23m
2
 (NE), 270m

2
 (E), 338m

2
 (SE), 308m

2
 (SW) and 

668m
2
 (NW), which in total corresponds to 23% of the 

total heated area.  

 

User profiles  

The hourly profiles of occupancy, household electricity 

use (Fig. 2 and 3) are implemented in the BSim model.  

Since the profile of DHW usage is not integrated in 

BSim, the DHW profile and corresponding heat demand 

are computed separately, and later added to simulation 

results. All profiles are defined based on the profiles 

developed using measured data at Aalborg University 

[13]. 

 

 
Figure 2: Occupancy profiles [13] 

 

 
Figure 3: Household electricity load profiles [13] 

 

                                                                      
Thornton Thomassetti; Housing Organisation Ringgården; Bau-How 

Danmark. 
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 The analysis of cost-optimal zero energy balance 

includes five scenarios of user profiles (Table 1). It is 

assumed that users who decrease their energy use for 

household appliances as well use less water. The energy 

use for appliances and lighting is developed based on the 

measurements described by Petersen et al. in [14] and 

DHW use is taken from the investigations presented by 

Jensen et al. in [13].      
 
Table 1: Overview of the five scenarios of user profiles. 

No. Profiles Household 

appliances 

kWh/apartment  

per year 

DHW 

l/person  

per day 

    

1 Very low 744 30.0/19.8a 

2 Low 1155 30.0/19.8a 

3 Medium 1725 40.0/26.8a 

4 High 2061 50.0/33.0a 

5 Very high 3282 50.0/33.0a 

    
a including 33% reduction due to water saving fixtures 

 

Renewable energy supply options 

The analysis encompasses five RES configurations: 

1. PV-HP: Net ZEB with on-site photovoltaic (PV) 

installations and a ground source heat pump. The heat 

pump unit supplies 100% of the peak heat demand. PV is 

sized to meet corresponding electricity demand. 

2. PV-DH: Building with on-site PV installations and 

connection to the district heating grid. The PV 

installation is sized to meet the electricity demand and as 

well offset the heat consumption from district heating. 

With this energy carrier shift, building with this system 

can meet the zero energy goal. 

3. PV-MiCHP(biomass): Building with on-site  PV 

installations and a micro Stirling biomass CHP. Biomass 

is transported to the building site.  

4. PV-MiCHP(biogas): Building with on-site PV 

installations and a micro fuel cell biogas combine heat 

and power (CHP). Biogas is supplied via a gas pipeline 

system. 

5. PV-MiCHP(H2): Building with on-site photovoltaic 

installations and a micro fuel cell CHP fuelled with 

hydrogen. Hydrogen is transported to the building site. 

The micro CHPs run with heat demand as priority. 

The CHP unit supplies 60% of the peak heat demand. 

The rest is covered by a boiler, which uses the same fuel 

as applied CHP unit. If needed, a PV installation is added 

to meet the electricity demand. Table 2 summarizes the 

efficiencies of particular technologies.  
 
 
 
 
 
 
 
 

Table 2: Efficiencies of technologies applied in the analysis. 

 

Technologies Heat Electricity COP 

    

Photovoltaic - 0.075a - 

Ground source 

HP 

- - 3-4b 

MiCHP(biomass) 0.71 0.18 - 

MiCHP(biogas) 0.6 0.3 - 

MiCHP(H2) 0.45 0.45 - 

    
a 0.1 efficiency of PV panels and 0.75 efficiency of the building 

integrated PV (BIPV) system  
b COP varies between 3 and 4 depending on the season 

 
 

Cost-optimal methodology 

The Life Cycle Cost (LCC) analysis deployed in this 

paper is built upon the LCC approach developed by 

Fuller and Petersen [15]. The main goal of the LCC is to 

determine the cost-optimal solution out of different 

alternatives, which are comparable only with the same 

economic assumptions, the same study period and 

service date. The results are presented using the annual-

value method. The lifetime of a building is n=50 years 

[16] and the real discount rate is d=3% [17]. Table 3 

gives the overview of the key cost data. Further 

information about the cost inputs can be found in [18]. 

 
Table 3: Cost data 

 Unit Life-

time 

Inv.  

 

 

€/uni

t 

Variable 

annual 

O&M 

€ 

Fixed 

annual 

O&M 

€ 

      

PV m2 25 600 1%  

of inv. 

- 

MiCHP 

(biomass) 

kW-e 15 7250 40 

/kW-e 

0.040 

/kWh-e 

MiCHP 

(biogas, H2)   

kW-e 10 12500 100 

/kW-e 

- 

Ground 

source HP 

kW 15/40a 1050 0.6%  

of inv. 

140 

Boiler 
(biomass)  

kW-th 15 840 2.8%  
of inv. 

480 

Boiler  

(biogas, H2) 

kW-th 15 840 2.1%  

of inv. 

250 

DHW tank m3 40 1860 - - 

Windows m2 30 350 - 
 

Insulation building - 14900 - 
 

 

The Net ZEB exchanges energy with the utility grid 

and on the annual basis the amount of energy imported 

from the grid equals the amount of energy exported to 

the grid. The building-grid integration is based on the 

net-metering agreement. However, if the Net ZEB 

annually exports more electricity than it imports from the 
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utility grid, the excess electricity is priced with so called 

feed-in tariff (Table 4).  

 

 
Table 4: The energy cost and tariffs. 

 unit €/unit 

   

Electricity kWh 0.238 

District heating kWh 0.082 

Biogas m3 0.639 

Biomass GJ 15.751 

Hydrogen m3 1.172 

Electricity feed-in tariff  kWh 0.0567 

   

 
 

RESULTS 

The results of the cost analysis are not uniform for all 

five RES configurations. However, some similarities 

between different cases can be noticed; therefore, the 

results are divided and presented in two groups, within 

which configurations have the same outcome pattern.  

 

Group: PV-HP, PV-DH and PV-MiCHP(biomass) 

According to Fig. 3, the zero energy balance that does 

not account for the users’ related energy use is more 

economically advantageous than the total zero balance. 

This outcome can be justified by looking at the electricity 

prices. With the 2010-price level, the power grid sells 

electricity with price of 0.24 € per 1kWh, whereas the 

1kWh of on-site generated electricity by PV costs around 

0.47€ (for 25 and 50 years lifetime of PV installation and 

building, respectively).   

   

 

 

  
 
Figure 4: Total annual cost of three RES configurations for five 

user profiles scenarios. Partial balance - only energy use for 

building service included; Total balance - energy use for 

building services and household appliances included.  

 

 

 However, by reducing the price of the PV panels by 

50%, the cost difference between the two balances is 

significantly reduced. In case of PV-HP and PV-

MiCHP(biomass), the cost difference dwindles to zero 

for all types of user profiles. Further reduction of the PV 

panels price by 25% results in the situation, where the 

zero energy balance that encompasses all energy uses is 

more cost-optimal energy balance for a Net ZEB. For 

example, for the PV-HP configuration the annual cost 

advantage of the total balance is between 5,000 € and 

24,000€ depending on the user profile scenario.  

 

The PV-DH is a special configuration, where the PV 

panels generate electricity to offset the electricity use as 

well as the heat purchased from district heating grid. The 

additional kWh of electricity balancing the heat are 

accounted differently depending on the applied zero 

energy balance. In case of the total balance, they are 

seen as excess electricity production, which is exported 

to the grid and priced with the feed-in tariff (Table 4). In 

case of the partial balance, they are used on-site to cover 

types of electricity use not included in the balance, 

namely the household appliances. Due to this 

particularity, the total balance becomes the cost-optimal 

balance only when the net cost of excess electricity in 

case of the total balance (€EE) is lower than the amount 

of kWh imported from the grid multiplied by the 

difference in 1kWh price of grid and PV electricity in 

case of the partial balance (€IE). This condition is not 

fulfilled for the price reduction by 50%. It is firstly met, 

when the price of PV panels is reduced by 75% and the 

household electricity use is 1725 kWh/apartment per year 

and higher (Fig.4).  
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Figure 5: Total annual cost of PV-DH configuration for five 

user profile scenarios and PV panels price reduction by 75%. 

€EE - net cost of excess electricity (the total balance); €IE - the 

amount of kWh imported from the grid multiplied by the 

difference in 1kWh price of grid and PV electricity.  
 

 

Group: PV-MiCHP(biogas) and PV-MiCHP(H2) 

The micro CHPs on hydrogen and biogas form another 

group of RES configurations. As mentioned in the 

Methodology chapter, they operate with heat demand as 

priority. In consequence of this operation mode as well 

as the relation between heat and electricity efficiencies of 

the micro CHPs (Table 2), for some user profile 

scenarios the units generate more electricity than the total 

electricity use (Fig.5). 

 

 
 

Figure 6: Difference between electricity production from micro 

CHPs and the total electricity use (electricity use for building 

services and household appliances). Values above zero indicate 

that generation exceeds consumption and values below zero 

opposite situation.  

 

 

 As for both total and partial zero balance the heat 

demand is equal for particular user profile, the capacities 

of the micro CHP units and the amount of generated 

electricity are also the same for both types of zero 

balances. Therefore, with the assumption that the on-site 

generated electricity is used to first meet the on-site 

demand and then the remaining amount is exported to the 

grid, the user related electricity use is offset by on-site 

renewable generation even when being not accounted for 

in the zero energy balance. This assumption together 

with the overproduction fact leads to the results depicted 

in Fig.6, where the partial balance has a cost advantage 

over the total balance only when micro CHP units 

generate less electricity then total electricity demand. 

Hence, the lacking kWh of electricity are purchased from 

the utility grid with price of 0.24 €/kWh and not 

generated by PV with price of 0.47 €/kWh as in case of 

the total zero balance.  However in case of the hydrogen 

micro CHP unit, the overproduction is so significant that 

only for the very high user profile there is a need for 

purchasing electricity from the grid or adding PV 

installation.  

 

 
 

Figure 7: Total annual cost of two RES configurations for five 

user profiles scenarios. Partial balance - only energy use for 

building service included; Total balance - energy use for 

building services and household appliances included.  

 

 

 Moreover, one can ask why the total annual cost of 

the MiCHP(H2)-Net ZEB with low user profile is lower 

than with very low user profile? This is a consequence of 

the fact that with less energy efficient household 

appliances the internal heat gains increase which results 

in lower demand of space heating, given that heating 

control works properly and the ventilation flow rate is 

sufficient. Hence, the capacity of the micro CHP unit is 

smaller for the low user profile and thus the life cycle 

cost is lower. The DHW usage in both scenarios is equal 

(Table 1). It is the same for the high and very high user 

profile.  

 
 

DISCUSSION 

The main aim of this paper was to indicate the cost-

optimal zero energy balance for the presented Net ZEB 

study case and five on-site renewable energy supply 

options. Moreover, the analysis was conducted for five 

different user profile scenarios in order to investigate the 
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sensitivity of results to the changes of household 

electricity use. 

 

 The analysis has shown that with the 2010-price level 

for the RES systems where all or majority of electricity is 

generated by PV panels, i.e. PV-HP, PH.DH and PV-

MiCHP(biomass), the partial zero balance has a cost 

advantage over the total zero balance independently on 

the user profile. The results are changed only when the 

price of PV panels declines by 50% or more. On one 

hand, one has to acknowledge that when sizing the on-

site PV installation solely to generate electricity for 

building services, the building owner greatly depends on 

the grid stability, e.g. grid failures, power outage, and 

prices. On the other hand, excluding the household 

electricity use from the zero energy balance significantly 

reduces the needed PV area. For this PV-HP-Net ZEB 

study case and very low user profile, the PV area is 

782m
2
 and 1306m

2
 – difference of factor 1.7 - for the 

partial and total zero balance, respectively. The 

difference increases for other four user profiles. As the 

footprint area of the building is 824m
2
, in case of the 

total zero balance PV panels will need to be integrated in 

the building facades or cover big part of the building site. 

Hence, the design of a Net ZEB might be significantly 

subordinated to the efficient placement of the PV panels, 

which could be seen as a big disadvantage, primarily 

from the perspective of architects. 

 

Although the results comply with the current 

methodologies for buildings’ energy rating, they could be 

seen as unsatisfactory because with current technology 

development, user related energy use often becomes 

larger than the building related and thus a big part of the 

total energy use of a Net ZEB is unbalanced with 

renewable energy generation. Moreover, with exclusion 

of household appliances and lighting the users are not 

encouraged and motivated to save energy in their daily 

basis, only in relation to heating and ventilation. Finally, 

from the viewpoint of the utility grid the division 

between energy use for building services and household 

appliances is abstract and only the total energy use 

counts.  

 

The micro CHP units are an alternative to PV panels 

of generating electricity on-site. They have an advantage 

of not interfering with building design and the production 

profile matches better the demand profile. However, 

most common they are applied to meet the heating 

demand of a building and electricity is seen as additional 

output. In this operation mode the electricity generation 

of the micro CHP units is not matched to the actual 

electricity use, which could be seen as a downside of 

micro CHP units. In the studied Net ZEB case lack of 

precise control of electricity production results in no cost 

difference between partial and total zero balance for 

scenario of small household electricity use. 

CONCLUSION 

Considering both the results of this study case 

investigations and the above discussion, it is 

recommended to develop two classes of Net ZEB 

definition, namely an obligatory class-2 with the partial 

zero balance accounting only for building related energy 

use and a voluntary class-1 with the total zero balance 

encompassing the energy use for building services and 

household appliances. In order to encourage designer and 

users to apply the total zero balance a smart incentive’s 

programme could be proposed. By doing so, engineers, 

architects etc. will have time to become familiarised with 

the new idea of accounting total energy use in the Net 

ZEB energy balance, and with time the Net ZEB class 1 

will become obligatory requirement.  
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