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Overview	
  

•  Requirements	
  of	
  ZEB-­‐ISTIS	
  Concept	
  for	
  tool	
  
•  Development	
  of	
  ZEB	
  Assessment	
  Tool	
  
•  Applica=on	
  of	
  ZEB	
  Assessment	
  Tool	
  
•  Evalua=on	
  of	
  ZEB	
  Assessment	
  Tool	
  
	
  



Requirements	
  of	
  ZEB-­‐ISTIS	
  concept	
  for	
  tool	
  

•  Evalua=on	
  of	
  exisIng	
  buildings	
  (à	
  case	
  studies)	
  
•  Assessment	
  of	
  	
  

•  Energy	
  
•  Biomass	
  
•  Water	
  
•  Qualita=ve	
  aspects	
  

•  Applicable	
  to	
  different	
  countries	
  of	
  loca=on	
  (partner	
  countries)	
  
•  Incorpora=on	
  of	
  various	
  environmental	
  impacts	
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  ZEB	
  Assessment	
  Tool	
  

•  Process:	
  evalua=on	
  of	
  decision	
  parameters	
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Development	
  of	
  ZEB	
  Assessment	
  Tool	
  

Pre-­‐Assessment	
  
	
  
Considera=ons:	
  
•  How	
  can	
  a	
  pre-­‐assessment	
  be	
  easily	
  conducted	
  in	
  order	
  to	
  

determine	
  if	
  the	
  building	
  is	
  eligible	
  for	
  a	
  further	
  examina=on	
  
with	
  the	
  tool?	
  	
  

•  What	
  method	
  can	
  be	
  applied	
  to	
  ensure	
  the	
  building	
  address	
  the	
  
three	
  sectors	
  to	
  a	
  minimum	
  level?	
  	
  

	
  
	
  



Development	
  of	
  ZEB	
  Assessment	
  Tool	
  

Pre-­‐Assessment:	
  Eligible	
  Technologies	
  
	
  
	
  
	
  

2.2 Development of ZEB Assessment Tool 

The Microsoft Excel-based tool was developed by considering the six specific decision 

parameters (Table 1), and appointing an appropriate characteristic to them. The resulting 

characteristics of the ZEB Assessment Tool are describes as follows. 

2.2.1 Pre-Assessment: Eligible technologies 

The Pre-Assessment evaluates whether a building fulfils the minimum requirements of the ZEB 

concept and is thus eligible for the further assessment as a potential ZEB. A simple questionnaire 

evaluates whether the building addresses sufficiently the three sectors Water, Energy and Biomass. 

For each sector a list of so-called “eligible technologies”, which target efficient use of resources and 

energy, was compiled (Table 2). A building received a “fulfilled” for one sector if it implemented at 

least two of the eligible processes/ technologies of the corresponding sector. As a next requirement 

of the Pre-Assessment, the building had to fulfil at least two of the named sectors. If a building 

passed the Pre-Assessment it was further investigated with the ZEB Assessment Tool in order to 

quantify and benchmark the environmental performance. The Pre-Assessment ensures the integrity 

of the concept up to a certain level. For instance, if a building solely implemented water saving 

devices, it would be inappropriate to state that the building addresses appropriately the aspect of 

water within the ZEB concept. 

Table 2: Eligible technologies for the assessment of the three sectors of the Zero Emission Building 

(ZEB) Concept. At least two sectors with at least two technologies each ought to be implemented in 

a building in order to qualify for further evaluation.  

Sector Eligible technologies  

Water 
Rainwater harvesting, water saving devices, decentralized wastewater treatment, 

water re-use, urine separation 

Energy 
Photovoltaic, solar thermal collectors, wind turbine, geothermal energy, highly 

insulated envelope, heat recovery, use of waste heat, passive energy use 

Biomass 

Composting of organic waste, composting of faeces, vermicomposting, nutrients 

recovery from urine, production of fertile soil, biochar production, food production on 

site (soil based or soilless, such as hydroponic, aquaponics), biomass production on 

site  

 
  



Development	
  of	
  ZEB	
  Assessment	
  Tool	
  

Pre-­‐Assessment:	
  Eligible	
  Technologies	
  
	
  
Condi=ons	
  for	
  further	
  assessment:	
  
•  2	
  implemented	
  eligible	
  technologies	
  to	
  fulfil	
  sector	
  
•  2	
  fulfilled	
  sectors	
  fur	
  further	
  assessment	
  with	
  ZEB	
  Tool	
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  Tool	
  

System	
  boundary	
  
	
  
Considera=ons:	
  
•  What	
  processes	
  should	
  be	
  considered?	
  
•  Which	
  processes	
  have	
  an	
  environmental	
  impact?	
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System	
  boundary:	
  Site	
  boundary	
  
	
  
	
  
Considered	
  flows:	
  

•  Flows	
  into	
  the	
  system	
  boundary	
  
•  Flows	
  out	
  of	
  the	
  system	
  boundary	
  
•  Flows	
  conveyed	
  by	
  human	
  ac=vity	
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  of	
  ZEB	
  Assessment	
  Tool	
  
System	
  boundary:	
  Site	
  boundary	
  
	
  
Relevant	
  energy	
  and	
  resource	
  flows	
  (energy	
  &	
  water):	
  

•  Grid	
  electricity	
  consump=on	
  (Grid	
  electricity)	
  
•  Consump=on	
  of	
  external	
  energy	
  sources	
  (External	
  energy)	
  
•  Consump=on	
  of	
  freshwater	
  from	
  central	
  supply	
  facility	
  (Freshwater)	
  
•  Discharge	
  of	
  wastewater	
  into	
  central	
  treatment	
  plant	
  (Wastewater)	
  

	
  
Different	
  considera=ons	
  for	
  biomass	
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  Tool	
  

Quan=fica=on	
  of	
  environmental	
  impact	
  
	
  
Considera=ons:	
  
•  How	
  can	
  the	
  environmental	
  impact	
  be	
  quan=fied?	
  
•  Which	
  method	
  fulfils	
  the	
  requirements	
  of	
  the	
  ZEB	
  concept?	
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  of	
  ZEB	
  Assessment	
  Tool	
  

Quan=fica=on	
  of	
  environmental	
  impact:	
  Ecological	
  Scarcity	
  
	
  
•  “Distance	
  to	
  target”	
  based	
  method	
  
•  Based	
  on	
  environmental	
  laws	
  and	
  poli=cal	
  targets	
  
•  Unit:	
  UBP	
  (Umweltbelastungspunkte,	
  Eco-­‐Points)	
  
•  Advantages:	
  

•  Incorporates	
  various	
  environmental	
  impacts	
  
•  Different	
  values	
  for	
  each	
  country	
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Database	
  for	
  UBP	
  
	
  
Considera=ons:	
  
•  Which	
  databases	
  can	
  be	
  used	
  to	
  look	
  up	
  the	
  values	
  for	
  the	
  

relevant	
  flows?	
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Database	
  for	
  UBP:	
  Ecoinvent	
  Database,	
  KBOB-­‐list,	
  own	
  calcula<ons	
  
•  Ecoinvent	
  Database:	
  Most	
  comprehensive	
  interna=onal	
  

database	
  for	
  Life	
  Cycle	
  Inventory	
  Data	
  
•  KBOB-­‐list:	
  Life	
  cycle	
  assessment	
  data	
  for	
  building	
  industry	
  
•  Considera=ons	
  for	
  biomass:	
  

•  Difficult	
  to	
  determine	
  environmental	
  impact	
  of	
  biomass	
  input	
  (food)	
  
•  Cannot	
  be	
  avoided	
  anyway	
  
à	
  Calcula=on	
  of	
  poten=ally	
  avoided	
  UBP	
  if	
  specific	
  processes	
  were	
  	
  
	
  	
  	
  	
  	
  implemented	
  (i.e.	
  compos=ng,	
  nutrients	
  recovery)	
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  Tool	
  

Quan=fica=on	
  of	
  qualita=ve	
  aspects	
  
	
  
Considera=ons:	
  
•  How	
  can	
  qualita=ve	
  aspects	
  be	
  assessed	
  in	
  a	
  quan=ta=ve	
  way?	
  
•  Which	
  criteria	
  should	
  be	
  considered?	
  
•  How	
  can	
  sensible	
  benchmarks	
  be	
  established?	
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Quan=fica=on	
  of	
  qualita=ve	
  aspects:	
  Addi<onal	
  UBP	
  
	
  
•  Set	
  of	
  criteria	
  
•  Alloca=on	
  of	
  grade:	
  	
  

«Fully	
  applies»	
  
«Par=ally	
  applies»	
  
«Does	
  not	
  apply»	
  

•  Benchmarks	
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Table 6: Compilation of criteria for the evaluation of qualitative aspects 

 Criteria Fully applies Partially applies Does not apply 

 Additional Points + 0 Points + 800 Points + 1600 Points 

1 Good connection to public transport 

Public traffic 

connection within 

300 m 

Public traffic 

connection within 

1 km 

Public traffic 

connection over 

1 km 

2 
Integration of greenery into the 

building 

Roof and façade 

greening 

Roof or façade 

greening 
No greening 

3 
Building construction is suitable for 

a potential change of use 

Suitable location 

and building shape 

Suitable location 

or building shape 
None of both 

4 

Building is constructed of ecological 

materials, i.e. recycled materials or 

readily available primary raw 

materials  

(Caspar & Rütter-Fischbacher, 2010) 

80 – 100 % 40 – 80 % 0 – 40 % 

5 

Grey energy of construction 

(per energy reference area, 60 years 

lifetime; according to bulletin SIA 

2032 (Gugerli et al., 2008)) 

< 30 kWh/m2a 30 – 60 kWh/m2a > 60 kWh/m2a 

6 
Building design fits to the 

surrounding environment 

Adapted shape 

and materials 

Adapted shape or 

materials 
None of both 

 

2.2.6. Calculation of target value: Building types, benchmarks, degree of achievement 

As a target value for the tool, is was chosen to calculate a degree of achievement based on the 

achieved Rating Points of the assessed building. The achieved number of Rating Points for the 

assessed object was calculated as follows: 

 

!"ℎ!"#"$!!"#$%&!!"#$%& = !"!!"#$% + !"!!"#$%& + !"!!"#$%&&
!"#$ + !""#$#%&'(!!"# (2)  

 

Subsequently, the degree of achievement was calculated: 

 

!"#$""!!"!!"ℎ!"#"$"%&! % = !100− 100 ∗ !"ℎ!"#"$!!"#!"#$ℎ!"#$  (3)  

 

If a building achieved at least 80%, it was granted the «Zero Emission Building Label». To set this 

benchmark was a compromise with the actual objective of ZEB, which envisions zero environmental 

impact thus zero UBP. However, if this goal was applied, presumably no building would have reached 

the ZEB Label. The benchmark of 80% allowed for some environmental impact but still ensured an 

outstanding environmental performance. 

In how far a specific building reaches a target value, largely depends on the building purpose since 

this significantly adds to the consumption of resources for the building’s operation. Therefore the 
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Calcula=on	
  of	
  target	
  value	
  
	
  
•  How	
  can	
  considera=on	
  be	
  given	
  to	
  different	
  building	
  purposes	
  

and	
  corresponding	
  varia=on	
  of	
  resource	
  consump=on?	
  
•  How	
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  the	
  target	
  value	
  be	
  calculated	
  and	
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13 
classification into building types with different allocated benchmarks was essential. The parameter 

Benchmark in equation (3) changes according to the building purpose. The different benchmarks were 

establishes as follows. In the first step, a basic benchmark was established based on experimental data 

from different buildings examined with the ZEB Assessment Tool. If these buildings would not 

incorporate any of the eligible technologies as listed in Table 2, then they would not qualify as ZEB 

and would have achieved less than 80% degree of achievement. Several such buildings obtained 

typically values around 100’000 Rating Points for zero degree of achievement. So the 100’000 value 

was taken as starting value. For the ZEB Assessment Tool, the energy consumption indicator of 

Minergie was converted into a general consumption index, which is proportionally in line with the 

energy consumption indicator of Minergie. The chosen classification corresponds to the classification 

of Minergie (2013). Minergie calculates for every building a weighted energy consumption indicator in 

matters of end energy. The indicator is expressed in kWh/m2 and is a crucial benchmark for the 

Minergie label. The energy consumption indicator varies for the different types of buildings. 

Subsequently, the benchmark for each building type was calculated from the consumption index where 

Index 1 corresponds to 100’000 Rating Points. This benchmark value therefore corresponds to zero 

degree of achievement. The classifications of building types, the Minergie energy consumption 

indicators and the benchmarks for ZEBs are listed in Table 7. 

Table 7: Classification of buildings with benchmarks based on the energy consumption indicator of 

Minergie. The benchmark value corresponds to zero degree of achievement for the particular type of 

building. 

Building type 
Minergie energy consumption  

indicator (kWh/m2) 
Consumption  

Index 
Benchmark  

(Rating Points) 

Industry 

Store 
20 1 100’000* 

Sport installation 25 1.25 125’000 

Apartment building 

Single-family Home 
38 1.9 190’000 

Administration 

Sales 

School 

Meeting venue 

Special construction 

40 2 200’000 

Restaurant/ Hotel 45 2.25 225’000 

Hospital 70 3.5 350’000 
* The 100'000 Rating Points benchmark represents the basic benchmark for the ZEB Assessment Tool. It was established based on 
experimental data of buildings examined with the ZEB Assessment Tool 
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Min.	
  80%	
  degree	
  of	
  achievement	
  to	
  achieve	
  the	
  “ZEB	
  Label”	
  

Best Practices of Zero Emission Buildings in Switzerland 2 Procedure and Methods 

Zurich University of Applied Sciences Department N / Devi Bühler UI10  9 

v) Calculation of target value !  Building types, benchmarks, degree of achievement 

In how far a specific building reaches a target value, largely depends on the building purpose since 

this significantly adds to the consumption of resources for the building’s operation. Therefore the 

classification into building types with different allocated benchmarks was essential. The chosen 

classification corresponds to the classification of Minergie (2013). Minergie calculates for every 

building a weighted energy consumption indicator in matters of end energy. The indicator is ex-

pressed in kWh/m2 and is a crucial benchmark for the Minergie label. The energy consumption 

indicator varies for the different types of buildings. For the ZEB Assessment Tool, the energy con-

sumption indicator of Minergie was converted into a general consumption index, which is propor-

tionally in line with the energy consumption indicator of Minergie. Subsequently, the benchmark for 

each building type was calculated from the consumption index where Index 1 corresponds to 

100’000 UBP. This benchmark value corresponds to zero degree of achievement. The classifica-

tions of building types, the Minergie energy consumption indicators and the benchmarks for ZEBs 

are listed in Table 5. 

The achieved number of UBP for the assessed object was calculated as follows: 

!"ℎ!"#"$!!"# = !"!!"#$% + !"!!"#$%& + !"!!"#$%&&
!"#$ + !""#$#%&'(!!"# 

Subsequently, the degree of achievement was calculated: 

!"#$""!!"!!"ℎ!"#"$"%&! % = !100 − 100 ∗ !"ℎ!"#"$!!!"!"#$ℎ!"#$  

If a building achieved at least 80% degree of achievement, it was granted the «Zero Emission 

Building Label». To set this benchmark was a compromise with the actual objective of ZEB, which 

envisions zero environmental impact thus zero UBP. However, if this goal was applied, presumably 

no building would have reached the ZEB Label. The benchmark of 80% allowed for some envi-

ronmental impact but still ensured an outstanding environmental performance. 
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3. Results and Discussion 

3.1 ZEB Assessment Tool 

The required input parameters for the assessment of a potential Zero Emission Building by using the 

ZEB Assessment Tool are listed in Table 8. 

Table 8: Input parameters and units for the ZEB Assessment Tool. Units FA, PA and NA denote “fully 

applies”, “partially applies”, and “does not apply”, respectively.  

Input parameter Unit or Description 

Country - 

Building type - 

Total effective area of building m2 

Average occupancy per day Number of people 

Freshwater* 

Wastewater* 

m3/a 

m3/a 

Grid electricity* 

Electricity product 

External energy* 

kWh/a 

- 

MJ/a 

Application of: 

- Composting of faeces 

- N recycling from urine for fertilizer 

- P recycling from urine for fertilizer 

- Nutrients recovery of organic kitchen waste 

 

YES / NO 

YES / NO 

YES / NO 

YES / NO 

- Good connection to public transport 

- Integration of greenery into the building 

- Construction is suitable for a potential change of use 

- Building is constructed of ecological materials 

- Grey energy of construction 

- Building design fits to the surrounding environment 

FA / PA / NA 

FA / PA / NA 

FA / PA / NA 

FA / PA / NA 

FA / PA / NA 

FA / PA / NA 
* Notation according to the definition in point 2.2.2 System boundary 
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The implementation of the ZEB Assessment Tool in Microsoft Excel is illustrated in Figure 3 - 6. 

Figure 3 shows the Pre-Assessment where the implemented technologies can be selected from the list 

of eligible technologies. The Tool automatically evaluates if the building is eligible for a further 

assessment based on the defined conditions in point 2.2.1 Pre-Assessment. 

Figure 4 shows the assessment of the three sectors Energy, Water and Biomass. The user has to 

select certain values from a box and fill in the required values for the resource and energy flows.  

Figure 5 illustrates the evaluation of qualitative aspects. The user has to select in how far the 

correspondent criterion applies.  

Figure 6 shows the output data of the tool and in how far the assessed building complies with the 

ZEB concept. The graphics illustrate in how far the parts of the assessment are responsible for the 

output in order to indicate the potential for further improvement of the building. 

 

 

 
Figure 3: Pre-Assessment in the ZEB Assessment Tool 
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Figure 4: Assessment of the three sectors Water, Energy and Biomass in the ZEB Assessment Tool. 

 

 

Figure 5: Assessment of qualitative aspects in the ZEB Assessment Tool 
 
  



ApplicaIon	
  ZEB	
  Assessment	
  Tool	
  –	
  Qualita=ve	
  aspects	
  

 

 

16 

 

Figure 4: Assessment of the three sectors Water, Energy and Biomass in the ZEB Assessment Tool. 

 

 

Figure 5: Assessment of qualitative aspects in the ZEB Assessment Tool 
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Figure 6: Output data of the ZEB Assessment Tool 

 

 

3.2 Application of ZEB-Tool on Case Studies from Switzerland and South Korea 

The ZEB Assessment Method was used to evaluate potential ZEBs in Switzerland and Korea.  

Totally 17 buildings that were constructed under the consideration of sustainable building were 

assessed with the ZEB Assessment Tool (Table 9). Only 4 of these qualified for further evaluation 

after the Pre-Assessment. This because, they all considered only one sector, and the tool requires 

fulfilment of at least two sectors. 
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Advantages	
  ZEB	
  Assessment	
  Tool:	
  
•  Requires	
  small	
  amount	
  of	
  input	
  data	
  
•  Allows	
  simple	
  primary	
  assessment	
  of	
  a	
  specific	
  building	
  
•  Covers	
  the	
  aspects	
  of	
  energy,	
  water	
  and	
  biomass	
  
•  Incorporates	
  qualita=ve	
  aspects	
  
•  Applicable	
  in	
  different	
  countries	
  
•  Considers	
  various	
  environmental	
  impacts	
  

	
  
à	
  The	
  ZEB	
  Assessment	
  Tool	
  is	
  well	
  adapted	
  to	
  the	
  
	
  	
  	
  	
  	
  requirements	
  of	
  the	
  ZEB	
  concept	
  
	
  

EvaluaIon	
  of	
  ZEB	
  Assessment	
  Tool	
  
	
  


