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FOREWORD  

 

This report summarises the results of Work Package ôWP06.4 ð Co ð Benefits of nZEBsô, which is part of 

the Horizon2020 - CRAVEzero project. 

 

Cost optimal and nearly zero-energy performance 

levels are principles initiated by the European 

Union (EU) Directive on the Energy Performance 

of Buildings, which was revised in 2010 and 

amended in 2018 (European parliament and the 

council of the EU, 2010). These will be a major 

driver in the construction sector in the coming 

years, as all new buildings in the EU are expected 

to be nearly zero energy buildings (nZEB) from 

2021. The goal of nearly zero-energy can be 

achieved with existing technologies and practices. 

Most experts agree that a broad shift towards 

nearly zero energy buildings will require significant 

adjustments to the existing structures of the 

building market.  

In order to achieve these goals, specific incentives 

are put into the focus of the building owners. 

These include first and foremost significant energy 

savings and an increase in the value of the building. 

However, specific additional incentives, so-called 

co-benefits, are often forgotten. These relate very 

often primarily to the occupants and employees 

who are in the buildings every day. 

Especially for nZEB office buildings, it is 

important to understand that the following co-

benefits also have important roles: 

 

¶ Health benefits 

¶ Increased productivity 

¶ Lower staff turnover 

¶ Reduced sick leaves 

¶ Employment creation 

¶ Market potential  

¶ Owner as energy producer 

¶ Added value for a nZEB property 

¶ Integration of RES 

¶ CO2 emission savings 

¶ Increased energy security 

¶ Aesthetics and architectural integration  

¶ Increased value of land/context 

¶ Increased reputation and good publicity 

¶ Press clipping increase 

¶ Reduced vacancy due to nZEB 

¶ Faster rental of the building 

¶ Higher rental income 

¶ Increased financing by lower interest rate  

¶ Increased financing from bank loan 

¶ Prefabricated building ð quality control  

¶ Prefabrication ð cost and time efficiency and 

control 

¶ Prefabricated building ð on-site work 

¶ Prefabricated building ð façade integration 

 

Employees spend at least 40 hours a week in the 

office, a total of 2080 hours per year (Attema, 

Fowell, Macko, & Neilson, 2019). Given the 

immense amount of time people spend at work, 

the desire for a workplace that promotes 

productivity and health seems understandable. 

 

To show the relevance of these co-benefits, the 

following Figure 1 shows how the individual co-

benefits are structured in terms of relevance for 

business cases and difficulty of qualification.
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Figure 1: Co-benefits structured in terms of relevance for the business case and difficulty of quantification 
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1  ADDED VALUES  

1.1  Literature review  

The establishment of nZEBs focuses on potential measures to mitigate climate change by reducing non-

renewable energy consumption and thus CO2 emissions. This is necessary because social as well as economic 

barriers are constantly appearing (Economidou et al., 2011).   

In most cases, the focus is on the fact that nZEBs reduce energy consumption and the costs of implementing 

energy-saving measures (Ferreira et al., 2016). However, there are other relevant advantages that often 

recede into the background. These are mainly concerned with indoor comfort, improved air quality and the 

associated reduced sick leaves, health benefits and increased productivity. In addition, lower burdens due to 

energy price fluctuations are expected, which in turn will have a positive effect on operation and 

maintenance costs (Ferreira and Almeida, 2015). These benefits improve building quality and users' well-

being and offer economic benefits in addition to reducing energy bills.  

These advantages can be very complex. This is due in particular to the fact that research is still in the early 

stages of such considerations. For these reasons, it is often difficult to find statistically founded robust values 

that allow individual co-benefits to be quantified. However, there are studies that can at least serve as a basis 

for such quantifications. Recent papers that deal with employee turnover and employee satisfaction (Miller 

et al., 2009), productivity (Hedge, Miller and Dorsey, 2014), (Thatcher and Milner, 2014) and employee 

absenteeism (Singh et al., 2010) already provide estimations of how to implement a sound co-benefit 

evaluation.  

Studies show that employees in nearly zero energy buildings perceive a positive effect of their working 

environment and productivity (Thatcher, 2014), (Singh, 2010). In one case, a 10,000 m2 office building, an 

increase in productivity of 0.3 % was reported, equivalent to 8 û/m 2a. 

A study has noted a decline in absenteeism in nearly zero energy buildings (Thatcher, 2014).  

An American study showed that around 20-25 % of 534 companies reported higher employee morale, easier 

recruitment of staff and more effective customer meetings (Miller, 2009). In addition, 19 % reported lower 

employee turnover.  

In addition to well-being and productivity, higher revenues from rent or sales may be expected. Bleyl et al. 

2017 reviewed previous studies and concluded that higher rent income might range roughly between 5 % 

and 20 %. Furthermore, higher market valuations may range from below 10 % to up to 30 %. 

It should be noted, in relation to green buildings, productivity and wellbeing, that a recent study pointed 

out, that social factors may have a more significant impact, in monetary terms, than environmental factors 

(Hugh, 2016). 

The value of positive news articles about a specific building or a specific project could also be comparable 

to advertising costs in the specific source, in which the article is published (Berggren, 2017). 

 

In order to obtain a targeted overview of the users' understanding of co-benefits, a survey was launched as 

part of the EU Horizon 2020 project CoNZEBs (2017-2019). The focus was placed on indoor air quality, 

comfort, building location and low energy costs (Zavrl et al., 2019). 

Depending on the perspective of the stakeholders, the interests, target criteria, and co-benefits can vary 

significantly. Figure 1 shows the criteria and co-benefits according to the interests of the different 

stakeholders. In order to achieve low heating costs, for example, the tenant is not only interested in low 

rental costs but also in low operating costs and therefore a good energy standard. As a general rule, the 

building contractor aims to keep his construction costs low. For properties used by the owner, both cost 

components are essential, the initial investment and the operating costs. For public owners and users, the 

total life cycle costs and also the effects such as CO2 emissions are of interest. 
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Figure 2: Stakeholder related benefits and co-benefits of nZEBs 

 

In order to assess the direct monetary value of a building, there are various co-benefits for the individual 

stakeholders, which often cannot be assessed directly in monetary terms and therefore do not appear in the 

life cycle cost analysis. These concern marketability, rentability, value development, comfort, but also image, 

climate protection or regional goals such as energy autonomy. As far as possible, these advantages and 

additional benefits should be taken into account by the various stakeholders in the relevant decision-making 

process. These additional criteria can often overlap with the main criteria. An example is the use of an air-

source heat pump in a very noise-sensitive environment. The air-source heat pump may perform relatively 

well in terms of energy and costs, including life cycle costs, but can cause problems due to increased noise 

pollution on the property and adjacent land. For this reason, it is crucial to quantify the added value of 

nZEBs in monetary terms by communicating and presenting business opportunities in such a way that 

potential investors understand and weigh up the pros and cons of an investment (Bleyl, 2016).  

One way to highlight the importance of different co-benefits is to structure them as presented in Table 1.  

 

Table 1: Overview of different co-benefits (with focus on monetary and environmental values) based on 

results of SKANSKA (Koppinen & Morrin, 2019) 
 

Benefit  Energy-related  
 savings 

Resource 
efficiency 

Business 
opportunities 

  Healthy indoor  
  environment 

Improved financial  
terms 

Features - Energy efficient 
technology 
(Building envelope, 
installations) 

- On-site RE-

generation 

- Energy storage 

(building related, 

e.g. using electricity 

when the tariff is 

low or using the 

structure to store 

heat)  

- No waste to 
landfill (100% 
recycling) 

- Design to cost 
(and design to 
fit)-methods that 
save material, 
fuel, transports 
etc. 

- Promise of green 
performance to get 
land for building 
purposes or 
cheaper price for 
the land 

- Earning credibility 
and long-term trust 
from officials at 
for example 
municipalities or 
customers 

- Opening door to 
co-operations with 
common goals 

- More and better daylight 
- Improved ventilation 
- Lower noise-level 
- Thermal comfort 

- Lower rate on bank 
loans for nZEBs 

- Possibility to receive 
external funding 

- Better terms for 
insurances 

Direct 
value 

- Lower operational 
costs 

- Lower CO2 
emissions 

- Energy security 

- Lower costs 
during 
production 

- Lower CO2 
emissions 

- Higher profit - Higher word productivity 
- Reduced employee 

turnover 
- Reduced sick-leave 
- Lower rental vacancies 

- Lower economical 
risks 
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Benefit  Energy-related  
 savings 

Resource 
efficiency 

Business 
opportunities 

  Healthy indoor  
  environment 

Improved financial  
terms 

Indirect 
value 

- Increased 
property value 

- Possibility to get a 
bigger loan for the 
investment 

- Positive publicity 
and image, market 
differentiation 

- Lower risk for 
future price 
increases 
 

- Saving natural 
resources 

- New business 
opportunities and 
co-operations 

- Increased property value 
 

 

 

 

There are more and more studies that shows the frequency of the various thematic areas in recent studies, 

which are particularly relevant for the different co-benefits. It can be seen that especially in the last few years 

the interest in individual co-benefits has increased significantly. Especially Indoor Air Quality, Thermal 

Comfort and Lighting & Daylight have been frequently discussed in studies published in recent years 

(Kunkel & Kontonasiou 2015); (Pracki & Blaszczak, 2016), (Attema, Fowell, Macko, & Neilson, 2019).  

 
Figure 3: Cumulative studies of key design elements affecting occupants based on (Attema, Fowell, Macko, & 

Neilson, 2019) 
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2  CO-BENENFITS OF CRAVEZERO CASE STUDIES  

 

In the course of this report, numerous co-benefits and their mean of quantification are examined in detail. 

A detailed description and quantification methodology of the co-benefits analyzed in this report can be 

found in chapter 3. 

 

2.1  Introduction  

This chapter deals especially with the co-benefits, which are often associated with nZEBs. These co-benefits 

can have currently underestimated positive effects on the payback time of nZEB investments and improved 

occupant satisfaction. 

In two CRAVEzero case studies, various co-benefits such as increased productivity, improved health, 

advertising value e.g. are examined in order to show the effects of individual co-benefits on payback time 

in particular. The results of these studies are presented in the following chapter. 

 

2.2  Metho dology  

Using the calculation bases of (Berggren, Wall, & Togerö, 2017), effects of various co-benefits on the life 

cycle costs of nZEB were quantified. The following formulae explain the procedure of these calculations.  

 

The value of reduced energy consumption and exported energy described in the first formula summarizes 

the reduced energy costs (REC). For this purpose, the profitability of the increased costs associated with 

increased energy efficiency and the environmental values of the building were evaluated. In addition, 

investment costs were compared with energy efficiency and other sustainable values. Maintenance and 

renewal costs are not included in this formula. 

 

ὙὉὅ
ὉὍ Ͻ   ὉὉ Ͻ 

ρ
ὶ  Ὥ  
ρ  Ὥ  

ὸ 

 

EI éééé..... reduced imported energy 

EE ...éééé increased exported energy 

ǟééééééenergy tariff of EI 

Ǡ éééé........ energy tariff of EE 

r éééé...é nominal discount rate 

i éééé...é inflation rate 

ǡ ééé...éé increase in energy tariffs 

 

The net present value of five other factors can also be quantified in order to expand the economic concept. 

These additional values are: 

 

Reduced employee turnover costs (RETC) 

 

ὙὉὝὅ 
‐ Ͻ ὉάὴὙὅ  Ὅὅ  Ὑὖὅ  ὒὍ  Ὀὅ

ρ  Ὑὸ
 

 

ǣ ééééé reduced employee turnover 

Empéééé.. quantity of employees 

RC éééé...  recruitment cost per employee 

IC ééééé introduction course for new employee,  
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RPC éééé. reduced productivity cost (new employee and supervisor),  

LI ééééé lost income during vacancy,  

DC éééé... decommissioning cost and  

R ééééé.. discount rate  

 

Reduced sick leave costs (RSAC) 

 

23!# 
%ÍÐ Ͻ πȢψ3# Ͻ ה Ͻ ʆ

ρ  2Ô
 

 

SC éééé.... average salary costs per employee 

  éééé.é  average sickness absence 

Ǩ éééé..é  reduced sickness absence 

 

Increased productivity value (IPV)  

 

Ὅὖὠ 
Ὁάὴ Ͻ Ὓὅ Ͻ Ὅὖ

ρ  Ὑὸ
 

 

IP ééééé. increased productivity per employee. 

 

Public publicity value (PPV) 

 

ὖὖὠ  ὃὍὖ Ͻ ὃὅ  

 

AI Pééé........ article in press  

AC éééé... advertising costs in the specific source (paper, internet, etc.) 

 

Reduced sick pay (RSAS) 

 

ὙὛὃὛ 
ὡὡ Ͻ πȢςὛ Ͻ ‰ Ͻ ‖

ρ  Ὑὸ
 

 

WW éééé. quantity of wageworkers in the household  

S ééééé.. salary 

 

Discount rate (R) 

Ὑ
Ò  É

ρ  É
 

 

Furthermore, the value of the reduced land price can also be included in a valuation. Since this is usually 

done in the initial phase of a construction process, discounting of these values is not required. This means 

that no equation is actually required to express the capital value. Additional there can be 

grants/contributions from the state or municipal e.g. PV grants. 

 

Based on these calculations of (Berggren, Wall, & Togerö, 2017), a sensitivity analysis was carried out to 

show the effects that different co-benefits can have on the payback time of an nZEB. 
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2.3  Case study : Aspern IQ  

2.3.1  Introduction  

 
Figure 4: Aspern IQ (©Kurt Kuball/Wirtschaftsagentur 
Wien) 

General information  
¶ Owner: City of Vienna 

¶ Architect: ATP Wien 

¶ Energy concept:  Renewable power, 
environmental heat, and waste heat 

¶ Location: Vienna (Austria) 

¶ Year of construction: 2012 

¶ Net floor area: 8817 m2 
 

Key technologies 
¶ Groundwater heat pump 

¶ Photovoltaics 
 

 

Aspern IQ is located in Viennaõs newly developed 

urban lakeside area òAspernó - Austriaõs largest 

urban development project and one of the largest in 

Europe. The building was designed in line with Plus 

Energy standards and is conceived as a flagship 

project which shows the approach to create a Plus 

Energy building adapted to locally available 

materials and which offers the highest possible level 

of user comfort while meeting the demands of 

sustainability. The Technology Centre received a 

maximum number of points in the Austrian klima-

aktiv declaration and had also been awarded an 

ÖGNB Building Quality Certificate. The energy 

demand of the building has actively been lowered by 

measures in the design of the building form 

(compactness), orientation and envelope. A 

balanced glazing percentage, the highly insulated 

thermal envelope in passive house standard, 

optimized details for reduced thermal bridges and 

an airtight envelope (Blower Door Test=0,4 1/h) 

beating the Austrian building regulation OIB 6 by 

55 %. (Weiss, 2014), (ôEin Leuchtturm der 

Nachhaltigkeit als Gründungsakt für aspern Die 

Seestadt Wiensõ, 2013) 

 

With the Aspern IQ technology centre, the Vienna 

Business Agency is providing a major impetus for 

positioning the lakeside city of Aspern as an urban 

living space of the 21st century. In order to create 

the ideal environment for entrepreneurial 

innovation, the highest sustainable standards were 

implemented in planning and construction. The 

Plus Energy commercial property offers a state-of-

the-art working environment for innovative, 

technology-oriented companies.  

In Aspern, companies find space and development 

opportunities for innovation, technology and 

production. 

This includes the energetic optimisation of the 

building envelope, the demand-oriented control of 

the building services, the 130 kWp, 1,300 m² 

photovoltaic system, the own fountain water, which 

is used for cooling and the server waste heat for 

heating. The minimal energy consumption is also 

supported by external sun protection, which 

provides shade depending on the position of the sun 

and radiation intensity, and a highly efficient 

ventilation system, adapted to the individuals 

present inside the room. (Das Technologiezentrum 

Aspern IQ, 2019) 
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2.3.2   Method ology  

2.3.2.1  Sensitivity analysis  

In CRAVEzero deliverables 6.1 and 6.2, a sensitivity 

analysis (SA) was performed for the investigated 

case studies, to identify which input parameters 

affect the life cycle cost (LCC) the most. In this way, 

the implications of uncertainty issues related to the 

assumptions on input parameters and boundary 

conditions could be highlighted. The same 

methodology has been adopted in this deliverable to 

give a better insight in the co-benefit analysis 

developed within the CRAVEzero framework and 

to determine the impact of the co-benefits on the 

value of an nZEB.  

The equations of the quantified co-benefits as 

described in chapter 3 have been used to perform 

the SA of one office building, the case study Aspern 

IQ, located in Vienna (Austria). As reported in the 

co-benefits description, the quantification was one 

of the main challenges faced in this analysis. 

Furthermore, among the quantified parameters, not 

for all of them baseline values from literature could 

be found. For this reason, only a minor fraction of 

the listed co-benefits could be investigated with the 

SA. 

 

SA workflow was designed as follows: firstly, input 

values and variation ranges must be selected. Since 

literature data about input values is scarce and data 

about their possible variation ranges even more 

difficult do rely on, input parameters have been 

varied over a predefined range, in this case +-10%. 

Secondly, SA requires selecting an output in order 

to measure its value when the input varies. The tool 

calculates the savings generated by the positive 

action of the co-benefits on the business value. 

These savings are used to calculate the time needed 

to pay back the additional investment for the nZEB. 

The accumulated total savings after 30 years have 

been chosen as output for the SA. Finally, the 

analysis was performed applying two 

methodologies, as previously done in D6.1 and 

D6.2. The first one consists of a differential 

sensitivity analysis. This represents the simplest 

screening technique. In the second step, the 

elementary effects (EE) method was implemented. 

 

 

 

Differential sensitivity analysis 

This method belongs to the class of the One Factor 

At a Time (OAT) screening techniques. In 

differential analyses, all parameters are set equal to 

their baseline value. Then, the impact on the LCC 

of one parameter at a time is investigated, keeping 

the other parameters fixed. Sensitivity index (s%) is 

calculated as follows: 

ίϷ

ɝ/
/
ɝ)
)

 

 

Where: ǃO is the output variation, Oun is the output 

baseline value, ǃI is the input variation and Iun is the 

input baseline value. 

 

Elementary effects method 

The EE method was proven to be a very good 

compromise between accuracy and efficiency 

(Campolongo, Cariboni, Saltelli, 2007), since a good 

exploration of the design space with a reduced 

number of simulations can be ensured (Castagna 

M.). With this method, SA can be carried out for 

different combinations of input values, analysing the 

effects of parameters interactions. 

An elementary effect is defined as a change of the 

output caused by a change in a single input 

parameter, while keeping all other model parameters 

fixed. As pointed out in (Hedge, Miller, Dorsey, 

2014), to obtain robust sensitivity measures, more 

elementary effects per parameter have to be 

computed, varying directions of change and base 

values. Nevertheless, only a reduced part of the 

possible elementary effects can be analysed, 

therefore a so-called Design of Experiment (DoE) 

has to be generated to choose carefully the 

combinations. The mean elementary effect 

associated with a factor i is then given by the average 

of the single elementary effect (EE) associated with 

that factor: 

ʈᶻ ὉὉ
ρ

ὶ
ὉὉ 

„
ρ

ὶ ρ

ρ

ὶ
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µi* is the absolute mean of the single elementary 

effects associated with factor i. Ǳi
2 is the variance of 

the elementary effects associated with factor i. 

The main limitation is that, while the impact of a 

given variable is investigated, the other parameters 

remain unchanged. Even if the interactions of the 

parameters cannot be investigated in a global 

perspective, this characteristic permits to determine 

which parameter causes the greatest effect. 

 

Baseline values 

As indicated above, SA measures the effects on a selected output when the input is varied of a determined 
quantity around its baseline value. A literature research was carried out in order to determine reliable 
baselines. For instance, based on results coming from (Hedge, Miller, Dorsey, 2014), (Singh et al., 2010), 
(Thatcher, Milner, 2014) the productivity increase due to a better working environment by 0.3% was set. 
Another example is the co-benefit, which identifies the reduced sickness absence; in this case 7.5% was 
adopted as baseline value (Singh et al., 2010), (Thatcher, Milner, 2014). 

Table 2: Baseline values for the co-benefits analysis. 

Co-Benefits 
Baseline value 

[%] 
References 

Yield reduction due to high quality nZEB 0.5 (Global Property Guide, 2020) 

Reduced vacancy 3.5 (Whole Building Design Guide, 2019) 

Higher rent 5 
(Bleyl, et al., 2017), (Whole Building 
Design Guide, 2019) 

Increased productivity 0.3 
(Hedge, et al., 2014), (Singh, et al., 2010), 
(Thatcher, Milner, 2014) 

Lower staff turnover 0.5 (Thatcher, Milner, 2014)  

Reduced sick leaves 7.5 
(Singh, et al., 2010), (Thatcher, Milner, 
2014) 

 

Working with different baseline values coming from literature, whereas its variation range has to be fixed 

and equal to all co-benefits due to lack of literature data, raises an issue: the variation ranges can be very 

different, up to factor 10, as the two co-benefits previously indicated show. For this reason, the SA was 

performed testing two different approaches: 

1. Baseline values from literature: to each co-benefit a baseline value from literature has been assigned, 

as indicated in table 1. 

2. Uniform baseline for all the co-benefits: 1 % as baseline value. In this way during the SA all the co-

benefits have been submitted to the same variation.

 

2.3.2.2  Cost -benefit analysis of nZEBs for project developers  

In the Aspern IQ reference building, in order to be able to filter out the influences of the individual co-

benefits, the economic and energetic building data were used in order to be able to map the influences as 

accurately as possible. A parametric cost-benefit analysis with changing individual parameters of the co-

benefits was performed to see how the added values affect the project. For this purpose, the data shown in 

Table 3 below were determined. The assumed property value was determined using a comparative value 

method with comparable buildings in Austria. 
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Table 3: Data of the reference building 

Financial  
Residential/non residential Non-residential    
Saleable / rentable area 6,600.00 m²  
Expected sales year of property 30 years  
Assumed property value 3,914.00 û/mį  
Rents to tenants 144.00 û/mįa  
Expected yield 10 10 %  
Rental or owner-occupation Rental    
Estimated vacancy rates 6 6 %  
Number of employees 250.00 employees 

Energy  
Treated floor area 6,633.00 m²  
Heating demand 50.00 kWh/m²a  
Cooling demand 10.00 kWh/m²a  
Electricity demand 40.00 kWh/m²a 

 
Furthermore, with regard to the fact that this is a nearly zero-energy building, there are additional aspects 

concerning the economy which cannot be ignored under any circumstances. This concerns particularly the 

additional costs and the energy targets of the construction of a nearly zero-energy building. 

 

Table 4: Aspects which are based on high quality nearly zero energy buildings 

Financial 

 Additional nZEB costs 171.60  û/mį 

 Funding 0.00 û/mį 

 Equity capital, or bank loan Equity Capital   

 Bank loan duration 0.00 years 

 CO2 follow-up costs 
 

û per ton CO2 

Energy 

 Heating demand 21.00 kWh/m²a 

 Cooling demand 2.00 kWh/m²a 

 Electricity demand 18.00 kWh/m²a 

 PV yield  14.55 kWh/m²a 

 PV yield: self-consumption 10.00 kWh/m²a 

 

Based on this building data, the different co-benefits were considered in Aspern IQ. Calculation results with 

and without the consideration of co-benefits clearly show the influence of the individual parameters on the 

overall cost curve over the duration of 30 years and especially the breakeven of the additional nZEB 

investments as can be seen in Figure 5 and 6. The following list shows the applied co-benefits.

¶ Yield reduction due to high quality nZEB 

¶ Reduced vacancy 

¶ Higher rent 

¶ Faster rental of the building 

¶ Reduced maintenance costs 

¶ Number of press clippings 

¶ Increased productivity 

¶ Lower staff turnover 

¶ Reduced sick leaves
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Figure 5: Payback time without co-benefits (20 years) 

 

 
Figure 6: Costs based on the entered parameters 

 

Figure 6 clearly shows that the additional costs for the nZEB standard of ~ 170 û/mį have a considerable 

influence on the payback period of the additional nZEB investment and the economic success. These result 

from the quantification of all additional benefits implied by the high quality of nZEB. The payback time 

considering all co-benefits leads to a breakeven in less than 5 years as can be seen in Figure 6 whereas 

without considering co-benefits, by just focusing on payback by operational energy cost savings would lead 

to a breakeven of 20 years as can be seen in figure 5. Co-benefits, such as lower staff turnover, reduced 

vacancy rates or total rental income are important factors to support the success of a nZEB in terms of 

payback time and economic success. 
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2.3.3  Resul ts  / documentation  

2.3.3.1  Sensitivity analysis  

SA has been performed first, applying the DSA method and then the EE method. For each one of these 

methods, the two approaches for the baseline values, previously illustrated, are displayed. Moreover, the 

discount rate has been inserted as a variable parameter to add the effect of its variation to the SA. In DSA 

the effects, the sensitivity index for 3 scenarios was calculated: discount rate 1, 2 and 3 %. In the EE method, 

the discount rate was added to the investigated parameters. 

 

Differential sensitivity analysis 

 

Figure 7: Sensitivity index related to real values baseline ð discount rate 1, 2 and 3%. 

 

 
Figure 8: Sensitivity index related to common baseline (1%) ð discount rate 1, 2 and 3%. 

 

In the first approach, where real values for the baselines are adopted, the three most influencing co-benefits 

are òhigher rentó, òyield reduction due to a high quality nZEBó and òReduced vacancyó. However, quite 

different outcomes are obtained if the second approach is considered: the most influencing values by far 

are òyield reduction due to hq nZEBó and òincreased productivityó. 

Another observation, which emerges from the results, is that the most influencing parameters present a 

stronger dependence on the discount rate parameter. 
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Elementary effect method 

The elementary effects method has produced similar results to the differential sensitivity analysis, confirming 

what is reported in the previous paragraph. 

 
Figure 9: Õ* and Ǳ related to real values baseline. 

 
Figure 10: Õ* and Ǳ related to common baseline 

1%. 

 

In (Berggren et al., 2018), increased productivity is 

indicated as the co-benefit with the largest relative 

impact. This statement is confirmed by results 

obtained with the second approach, which applies a 

fixed variation of 1 % equal to all co-benefits. A 

productivity increase of 1 % corresponds to 22 

û/(m2a) of labour cost savings, assuming an average 

monthly salary per employee of 3,000 û and 

employer & social costs (excl. holiday allowance) 

equal to 60 %. Nevertheless, the questions that 

should be further investigated are òhow much can 

actually the productivity increase vary?ó, òIs it 

plausible a productivity increase of 1 %? And 2 %?ó.  

(Bleyl et al., 2017) state that in some cases a rent 

increase related to a green building can range from 

below 4 % up to 21 %. For the purpose of this 

analysis a 5 % rent increase has been conservatively 

selected for the approach which takes into account 

baseline values from literature. Nevertheless, in this 

case, this co-benefit showed the highest sensitivity 

index and µ*. 

 

2.3.3.2  Cost -benefit analysis of nZEBs for project developers  

In this chapter various co-benefits are analysed in respect to the overall payback time of the additional nZEB 

investment of Aspern IQ.  

The following Figures 11 to 13 show the analysed co-benefits and their effect on payback time in 

comparison. In this specific case, six different co-benefits were examined and compared with each other 

using box plot1 diagrams. Each of the six fringe benefits (lower vacancy rate, higher rent, faster rental, higher 

productivity, lower staff turnover, lower sickness absence) was analysed in terms of its impact on payback 

time. The individual co-benefits were analysed with regard to their expected impact on the project. For 

example, the effects that a higher rent of 1 to 10 % would have on the project were determined. These 

different variants were carried out with all selected co-benefits in order to be able to show which influences 

 
1 The box plot is a graphical representation to characterize the distribution of continuous features based on the 
empirical quartiles (25 % values). The interquartile distance is shown as a box from which lines are drawn to the 
minimum and maximum. The median is described by a line in the box. Optionally, the position of the arithmetic mean 
is marked by an x. The outliers are represented as points. 
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can be associated with the different percentage changes. For all co-benefits the control of 1 to 10 % was 

chosen. The only exception is the co-benefit "faster rental of the building" where the period 1 to 5 months 

was used to see the respective effects of the co-benefits on the discounted payback period.  

 
Figure 11: Boxplot real discount rate 1% 

 
Figure 12: Boxplot real discount rate 2% 

 
Figure 13: Boxplot real discount rate 3% 

 

In Figure 11-13, the differences that result from various assumptions of the real discount rate can be seen. 

The real discount rate is used to convert between one-time costs and annualized costs.  

Depending on how high the real discount rate is set, it can be seen that the payback time of each co-benefit 

is different. The higher the real discount rate, the longer the payback time. If we look at the individual co-

benefits, we can see that increased productivity has the greatest influence on the payback time. But lower 

staff turnover also has a big influence. The smallest influences of the considered co-benefits are the faster 

rental of building and reduced sick leaves. Still all co-benefits have a huge influence in the economic 

consideration of nZEBs usually exceeding the effects by a return of investment by energy cost savings alone 

by far. 

To further analyse the effects of co-benefits a differential life cycle analysis of the case study Aspern IQ 

with additional investment costs of 170 û/mį and with varied co-benefits compared to a state of the art 

building without additional nZEB investment as a baseline. The effects on costs, revenues, break-even and 

success in particular are shown as benchmarks in a graph over a period of 30 years as can be seen in Figure 

14.  
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Figure 14: Additional investment, breakeven and profit over 30 years 

 

As shown in Figure 15, the energy payback time without the influence of co-benefits is more than 20 years. 

This is the reference for comparing the influences of different co-benefits on the financial results. The 

following graphs (Figure 16 to Figure 20) show the changes in breakeven and profit depending on different 

co-benefits (the additional investments of ~170 û/mį are kept constant). This makes it possible to show the 

influence different co-benefits have on the payback time and profit.  

 

 
Figure 15: Reference case: energy payback 

 
 

Figure 16: Reduced vacancy (-1 %) 

 
 

Figure 17: Higher rent (+5 %) 

 
 

Figure 18: Reduced sick leaves (-10 %) 
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Figure 19: Increased productivity (+1 %) 

 

 
Figure 20: Faster rental (+5 months) 

 

Table 5: Results of the co-benefit variants 

 Additional nZEB 
Investment 

Return of Investment 
/ Break even 

Success/ Profit over 30 
years 

Reference Case: Energy payback 170 û/mį >20 years 45 û/m²  
Reduced vacancy (-1 %) 170 û/mį >15 years 81 û/m²  
Higher rent (+5 %) 170 û/mį >10 years 221 û/m²  
Reduced sick leaves (-10 %) 170 û/mį >10 years 154 û/m²  
Increased productivity (+1 %) 170 û/mį >5 years 347 û/m²  
Faster rental (+5 months) 170 û/mį >10 years 111 û/m²  

 

Figure 16 to Figure 20 are based on the following detailed calculations: 

 

Table 6: Calculation of the reduced vacancy rates as shown in Figure 16 

Vacancy rates    

  Reference case rents     144  ϵ/m2 (saleable area) per month        

  Adopted lower level vacancy                                  1 % units               

Increased rental income due to lower vacancy rates:   1.44/ m2 (saleable area) 

                                              

 

Table 7: Calculation of the faster rental as shown in  

Figure 17 

Rents      

  Reference case vacancy:         2% 

  Reference case rents  
      144 ϵκƳ2a 

  Adopted rent %:                   5 % 

  Increased level of rent if the property is rented out externally    7 ϵκƳ2a 

  Increased rental income after taking into account the assumed vacancy level   7 ϵκƳ2a 
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Table 8: Calculation of the reduced sick leaves as shown in  

Figure 18 

 Sick leave                                       

  ¢ƻǘŀƭ ƛƴ ϵ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘŜǊ όǎŀƭŜŀōƭŜ ŀǊŜŀύ ǇŜǊ ŜƳǇƭƻȅŜŜ                                 28.800 ϵ 

  Savings thanks to reduced absenteeism     п ϵκ Ƴч 115 ϵκŜƳǇƭƻȅŜŜ    

Calculation                                        

  reference case absenteeism percentage         2 %       

  Days per year                       229,00 days           

  reference case number of sick days per year and person   4,6 days       

  reference case number of sick days per year and person        4,6 days       

  Reducing absenteeism                     10 %           

  Number reduced sick days per person and year:         0,46 days       

  Number reduced sick days per year, the total of all of the property:      114,5 days      

  Number reduced sick days per person and year:         0,46 days       

  Total number of employees in the building:        250 Employees      

  Days per year           229,00 days / year      

  Average annual labor costs per employee (incl. Employer):           57.600 employee        

  Savings thanks to reduced absenteeism         28.800 ϵ       

                                            

Table 9: Calculation of the increased productivity as shown in Figure 19 

Productivity                                     

                   
¢ƻǘŀƭ ƛƴ ϵ Per m² 

¢ƻǘŀƭ ƛƴ ϵ per 
employee   

  Total savings through productivity improvement  

мппΦллл ϵ 
нн ϵκƳч  

576 
ϵ κ ŜƳǇƭƻȅŜŜ   

Calculation                                        

  Average monthly salary per employee             3.00/ month     

  Number of months of qualifying for salary         

12 months, i.e. including 
holiday 

 
  

  Employer                           60,00 %           

  
This corresponds to an average salary cost for renter 
incl. holiday at:      

57.600 / year and employee of 
the tenant   

  Total number of employees in the building:      

250 
People       

  Average annual labor costs per employee (incl. Employer):  57.600 / year       

  
productivity Improvement 
                  

1% 
          

  Total savings through productivity improvement      
мппΦллл ϵ 

      
 

Table 10: Calculation of the faster rental as shown in Figure 20 

 Faster rentals                                    

                                     

  Number of months quicker rentals       5 months         

  Corresponding:          
0,4167 year 

        

  Reference case rents per year               144 ϵκ Ƴн όǎŀƭŜŀōƭŜ ŀǊŜŀύ        

  The Savings due to faster rental        60 / m2 (saleable area)        
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2.3.4   Discussion  and conclusion  

In the course of this chapter, the co-benefits have been analysed in particular with regard to their influence 

on the payback time and profit over a time period of 30 years for the case study Aspern IQ. Increased 

productivity of the employees due to higher building quality and comfort and a possible higher rental income 

due to a better building standard are the most important factors with regard to the payback time and profit. 

But also the other co-benefits, which were examined here in more detail, have a significant influence. 

Even influences which are usually not considered and harder to quantify, such as the productivity of the 

employees, reduced sick leaves or reduced vacancies, can significantly influence the economic success of an 

nZEB. The analyzed case study Aspern IQ illustrates once again that it is often not sufficient to include 

only energy related cost savings in the payback calculation, as rentability is typically influenced by co-benefits 

to a more significant extent even though they cannot be quantified easily and estimations have to be made 

based on literature and recent studies.  

 

2.4  Case study 2  

2.4.1  Introduction  

 
Figure 21: Väla Gård (© Skanska Sverige AB) 

General information  
Å Owner: Skanska 
Å Architect: Tengbom 
Å Energy concept: Passive house design with 

PV-panels and groundsource heat pump 
Å Location: Helsingborg (Sweden) 
Å Year of construction: 2012 
Å Net floor area: 1 800 m2 

Key technologies 
Å Passive House design 
Å Groundsource heat pump 
Å Photovoltaics 
Å Presence controlled 

 

Väla Gård is a two-storey office building, built in the 

southern part of Sweden (Helsingborg, 56.086, 

12.742). Skanska has developed one of the greenest 

office buildings to date at the historic Väla Gård site 

outside Helsingborg. The office building, which was 

designed by Tengbom Arkitekter, are reminiscent of 

contemporary versions of traditional farmhouses in 

Skåne with a gable roof. The aim was to blend the 

offices sympathetically into the historical 

environment. 

The environment has been at the core of every 

decision ð from project planning to moving in; 

energy-smart materials, recycling of all leftover 

material, built with a high level of insulation and 

equipped with PV-panels and a ground-source heat 

pump. The building is certified under Leadership in 

Energy and Environmental Design (LEED) at the 

highest level, LEED Platinum. It is a plus energy 

building, which was the first building in the world to 

achieve the highest ranking, òDeep Green, in 

Skanskas Color PaletteTM. Väla Gård received the 

highest LEED score in Europe and the third-

highest score in the world when it was built (2013). 

The strategy for reaching a Net ZEB balance was a 

three-step approach. The thermal losses and heat 

gains were reduced in order to have low heating and 

cooling demand. A ground source heat pump 

(GSHP) was chosen in order to lower the need for 

imported energy. Finally, the building was equipped 

with PV panels, to generate renewable energy. 

The foundation is a concrete slab on ground with 

350 mm insulation. The external walls are concrete 

walls with 295 mm insulation. The roof is insulated 

with 370-520 mm insulation. Windows and glazed 

entrance have a U-value of 0.90-1.00 W/m2K. 

Windows towards southeast and southwest have 

solar shading.  

The ventilation is designed with a mechanical 

balanced ventilation system with heat recovery of 

84 % with variable air volume (VAV). The 

ventilation is controlled by presence, temperature 

and CO2. The GSHP produces space heating and 
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hot water. If there is cooling demand, the airflow 

increases with cooled air in the room. The cooling 

coil lowers the supply air temperature using free 

cooling from the boreholes in the GSHP system. 

The lighting system consists of energy-efficient light 

fixtures, controlled by presence and daylight. To 

minimize tenant electricity (reducing standby 

losses), the main part of the electrical outlets, plug 

loads, are turned off when the building alarm is 

switched on. 

The building is designed with 288 PV panels with 5 

inverters, giving the building an installed capacity of 

70 kWp.  

A more detailed description of Väla Gård may be 

found in (Elsevier, 2013) (Statistic Sweden Labour 

market, 2020) (Berggren, 2015). 

 

2.4.2  Method  

Based on the equations presented in section 2.2 Methodology, the following parameters were investigated: 

Å Reduced energy costs (due to decreased energy demand) 

Å Increased rental income (due to lower vacancy rate) 

Å Publicity value (based on number of press clippings) 

Å Increased productivity 

Å Lower staff turnover 

Å Lower sick leaves 

 

To investigate the effect of the co-benefits listed above, a reference building is defined, towards which the 

case study, Väla Gård, is compared to. The reference building and boundary conditions are described in 

Table 11. Input data for the investigated parameters are described in Table 12.  

Initially, each parameter is investigated followed by a combination of all parameters. A sensitivity analysis is 

included. The sensitivity analysis involves a variation of each parameter by ±25 %, when all parameters are 

combined. 

 

Table 11: Summary of reference building and boundary conditions 

Financial info ð reference building  

 Type of building Non-residential 

 Saleable/rentable area 1 600 m2 

 Rent to tenants 70 û/m2a 

 Vacancy rate 15 % 

 Employees  70 persons  

Energy ð reference building  

 Treated floor area 1 670 m2 

 Heating energy (electricity) 22 kWh/m2a 

 Cooling energy (electricity)   5 kWh/m2a 

 Electricity, excluding heating and cooling 65 kWh/m2a 

Boundary conditions  

 Nominal discount rate 7 % 

 Inflation  2 % 

 Tariff for imported energy 0.12 û/kWh 

 Tariff for exported energy 0.10 û/kWh 

 Annual energy tariff increase 2 % 

 Average salary costs 6 350 û/employee 

 Average employee turnover, Sweden (1) 4 % 

 Average sick leave  6 days/year 

 Value for publicity 3 500 û/article 
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Table 12: Input data for investigated parameters 

Reduced energy costs  

 Heating energy 4 

 Cooling energy 1 

 Electricity, excluding heating and cooling 35 

Increased rental income  

 Vacancy rate 5 % 

Publicity value  

 Press clippings 10 articles 

Increased productivity  

 Increased productivity 0.5 % 

Lower staff turnover  

 Reduced employee turnover 0.5 % 

Lower sick leaves  

 Reduced sickness absence 10 % 

 

2.4.3  Results  

The case study reported increased costs amounting to 450 000 û (281 û/m2) compared to if the office would 

have been a ònormal officeó. Regarding cost reductions, a state grant was given for the PV-panels, 

amounting to roughly 82 000 û or 51 û/m2. 

Increased production costs, consultants and certification costs are included. The result from the LCC-

analysis for the energy savings is presented in Figure 22, left side. The total energy saving in the case study 

(excluding the effect from the PV-panels) amounts to 60 kWh/m2a. Including the effect from the PV-

panels, reducing the imported energy and the benefit from exported energy, the annual value for the reduced 

value for energy costs amounts to 12 û/m2a. As can be seen, the cumulative savings (including the effect 

from the PV-panels) does not exceed the increased costs within a short time perspective. After roughly 40 

years, the cumulative savings exceed the additional costs. 

Increased rental income, a vacancy rate of 5 % instead of 15 %, results in an increased income of 7 û/m2a, 

almost 60 % of the value for the energy savings. However, savings from the rental income is not affected 

by energy price; the cumulative savings are lower and will never exceed the increased costs, see  

Figure 22, right side. 

 

  
 

Figure 22 Left: LCC-analysis for energy savings at Väla Gård. Right: LCC-analysis for increased rental income for 
Väla Gård  
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The publicity value of ten press clippings are rather high, 35 000 û (22 û/m2). However, as the publicity 

does not last over time, in this case study only press clippings the first year is included, the cumulative effect 

is low, see Figure 23 left side.  

Except for the value of press clippings (which are not recurring), increased productivity of 0.5 %, has the 

highest business benefit, amounting to 17 û/m2a, see Figure 23, right side. The annual value is almost 40 % 

higher compared to the value of energy savings. However, also here, the savings from the increased 

productivity is not affected by energy price. The cumulative savings, therefore, exceed the increased costs 

after roughly 40 years, the same time period as for energy savings. 

 

  
Figure 23 Left: LCC-analysis for publicity value of press clippings for Väla Gård. Right: LCC-analysis for 

increased productivity for Väla Gård 
 

The value of lower staff turnover and lower sick leaves is similar to increased rental income. The annual 

value is 8 û/m2a and 7 û/m2a, respectively. Also here, the cumulative value never exceeds the additional 

costs, see Figure 24.

 
Figure 24 Left: LCC-analysis for reduced employee costs for Väla Gård. Right: LCC-analysis for Reduced sick leaves 
for Väla Gård
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In Figure 25, all co-benefits investigated above have been included. A base case (BC) is presented together 

with a worst-case and an optimal case. The base case is a case where all co-benefits above have been included 

together with the additional costs and the cost reductions received in the project. In the worst case, the 

additional costs have been increased by 25 % and the business benefits have been reduced by 25 %. In the 

optimal case the changes are the opposite. I.e. additional costs have been reduced by 25 % and the business 

benefits have been reduced by 25 %. In the base case, the cumulative savings exceed the additional costs after 

roughly four years. In the optimal and worst case, the cumulative savings exceed the additional cost after 

roughly three and eight years respectively. 

 

 
Figure 25: LCC-analysis for Väla Gård, including all benefits listed in Section 2.4.2 Method. 

 

2.4.4  Discussion and c onclusion  

In this case study examples of how green values could be quantified in monetary terms are shown. Reduced 

employee turnover, reduced sick absence and increased productivity in this study is based on assumptions, 

i.e. should not be mistaken for verified results. 

The case study shows that it may be hard to find it profitable to build a ògreen buildingó if one only account 

for improved energy performance or a single co-benefit. The profitability is significantly affected by further 

values than energy savings, which cannot balance the initial extra-investment for reaching the target nZEB or 

Net ZEB if a short time perspective for evaluating profit is applied. However, the study shows that it may be 

very profitable to build green buildings if one accounts for several green values. Even if a worst-case scenario 

is applied. 
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3  DESCRIPTION OF CO -BENEFITS  

The co-benefit analysis represents a new and challenging topic, since there is not a consolidated approach for 

the evaluation of the added values of the nZEBs. 

 

Nevertheless, in the following sections, CRAVEzero partners describe, according to their experience and to 

literature analysis, the general features and, when available, the quantification techniques for including the co-

benefit in the revenue stream. 

The analysis within CRAVEzero included 18 co-benefits associated with the target nZEB that can be 

translated in revenue to be considered in the Life Cycle Analysis. These co-benefits are related to one or more 

phases of the life cycle and can be limited during time (i.e. can be considered during one phase as a punctual 

contribution to the business model) or continue during one or more phases of the building life cycle (e.g. 

continuous contribution during the operation). 

Figure 26: Co-benefits structured in terms of relevance for the business case and difficulty of quantification based 
on Bleyl et al. 2017  

 

In order to have an overview of the analysed co-benefits, Figure 26 reports the ratio between the difficulty of 

quantification, due to the lack of data and the relevance for the nZEB business case, considering the impact 

at an individual level based on an assessment of CRAVEzero partners.2  

 

3.1  Increased productivity  

General description 

A new building reaching the nZEB target is usually characterised by an enhanced Indoor 

Environmental Quality (IEQ), thanks to the more accurate design and advanced energy concept. 

Improved quality in terms of reduced internal pollutants, acoustic and lighting can 

increase the level of satisfaction and the capacity of concentration, leading to increased productivity 

of the occupants. This co-benefit is valuable for non-residential buildings and in particular for offices and 

 
2 The contributions of the co-benefit at macro and societal level are not considered within this report 
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