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ABSTRACT 

Choosing by Advantages (CBA) applications in the construction industry have been 

growing over time and teams need to decide which tools they will use to facilitate and 

document a CBA decision. This paper aims to determine which criteria should be 

considered when deciding on the tool/media to apply the CBA Tabular method? 

Researchers analyzed four different tools: (1) analog, (2) spreadsheet, (3) digital 

whiteboard, and (4) CBA decision-making software. These four tools were selected based 

on direct experience of the authors on four case studies. Researchers also conducted a 

survey to expand experiences, collect information on alternatives, and identify factors and 

define criteria to help users to select the tool. The conclusion is that there is no-one-size 

fits-all solution, and the authors therefore encourage teams to choose the best tool that 

suits their context. This paper aims to help teams be aware of multiple alternatives and of 

the consequences that come with each tool. 
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INTRODUCTION 

When implementing CBA, users must decide which tool will be used to support the 

decision-making process. It is often argued that the most effective way to collaborate is 

face-to-face. Nevertheless, there are phases in a project where team members are not able 

to co-locate, e.g., a design team where the different parties are located across the world. 

For a virtual team to perform at a high level, it is necessary to apply digital tools that are 

easy to use (Hildebrandt, Jehle, Meister, & Skoruppa, 2014), and that help the team to 

have a productive conversation to be able to agree on a decision. Over the last couple of 

years, digital ways of working have become popular. Before the COVID-19 pandemic, 

most teams had the analog alternative available, but now most teams have found ways to 

work remotely. This has also allowed for more alternatives when it comes to choosing a 
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medium or tool to support the decision-making process. Reviewing the IGLC 

publications, there are no papers comparing different media for CBA application. Thus, 

this paper compares the four tools: (1) analog, (2) spreadsheet, (3) digital whiteboard, and 

(4) CBA decision-making software based on cases and a survey to better understand the 

users’ need to identify factors and define criteria to help the teams decide on the tool.  

CBA TABULAR METHOD 
CBA is a multi-criteria decision-making system developed by Suhr (1999) that 

differentiates between alternatives based on their advantages. The decision is structured 

in a logical and transparent way and uses a clearly defined vocabulary so that a group can 

objectively formulate and discuss the different decision criteria with minimal emotional 

interference (Schöttle & Arroyo, 2017; Schöttle, Christensen, & Arroyo, 2019). CBA 

isn’t yet widely applied, but documented cases show that CBA provides a high potential 

to better understand the different preferences existing in a group. This is an important 

aspect when a project team has to make decisions collaboratively (e.g., in IPD projects). 

The most used and best-known method is the CBA Tabular method. Figure 1 shows the 

different steps of the Tabular method. 

 
Figure 1: CBA Tabular method (Schöttle et al., 2019 based on Arroyo, 2014) 

 

RESEARCH METHOD 

This paper aims to determine which criteria should be considered when deciding on the 

tool/media to apply the CBA Tabular method. To differentiate between the alternatives, 

we identified factors and defined criteria to help users to select the tool. Therefore, a 

survey was carried out in February 2022 to collect data regarding the experience of CBA 

to a selected group. To ensure the level of experience with the correct implementation of 

the CBA Tabular method, the selection of participants was based on the following two 

factors: (1) participants were trained in the CBA Tabular method and (2) authors guided 

the participants in making a decision using the CBA Tabular method. After this, 

participants were asked to give feedback regarding their recommendation and were asked 

to specify which attributes a tool should have in order to make the use of the CBA Tabular 

method as easy as possible. The answers were reviewed based on content analysis 

(Mayring 2010). In total, 23 responses were submitted and analyzed. 29.2 % of the 

respondents were female and 70.8 % male. The number of moderators and participants 

was the same. The projects were located mostly in the USA, followed by Europe, South 
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America, and Canada (see Figure 2). The survey results are used to elaborate on the use 

and efficiency of the different tools.  

Figure 2: Background information of respondents  

CASE STUDIES 
The four case studies presented were cases where the author moderated different teams 

through a specific decision with the CBA Tabular method, and in all the first time for the 

teams. The cases give an overview of the four alternative tools used to support a CBA 

process: (1) analog (paper and sticky notes), (2) spreadsheet, (3) digital whiteboard, and 

(4) CBA decision-making software that the authors focused on in the questionnaire. The 

questionnaire was also sent to the participants of these cases. 

CBA TABULAR ANALOG 
The analog use of CBA with sticky notes on a white board or on paper has been 

documented in several case studies (e. g. Arroyo, Tommelein, & Ballard, 2013, Arroyo 

2014). In this case, the team had to select acoustic ceiling tiles from a global and 

sustainability perspective. Figure 3 shows how the team was able to collaborate in the 

scoring of the importance of advantages. Here, the sticky notes are organized on a scale 

from 0 to 100. The team decided that the paramount advantage (PA) would be the acoustic 

difference of the ceiling tiles, since that impacted the acoustic isolation of the meetings 

rooms and would make the biggest difference in the usability of the space. Using this as 

the point of reference, each of the advantages were moved either up or down relative to 

the PA. The ability to physically move the sticky notes was appreciated by the facilitator 

and the team. Conversations about advantages were made openly face-to-face; 

assumptions of each team member were made explicit; and group conversations created 

a shared understanding of the importance of each advantage. Using sticky notes was an 

effective medium, as the team immediately understood the dynamic, and it was easy to 

learn how to use them. 

 
Figure 3: Image of working with the analog medium (Arroyo et al., 2013) 
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any issue with agreeing on criteria or advantages, since all factors can be represented by 

objective attributes. The following Section 6.4.6 explains the process for deciding the 

importance of the advantages.  

 Step 6: Decide on the Importance of Each Advantage  6.4.6.

The process is collaborative and decisions are reached through discussion within the 

design team. The client vision was also considered in every trade-off that is made.  

The recommended procedure to weight advantages in CBA is to first identify the most 

important advantage for each criterion (in italics in Table 6.5) and then choose the most 

important advantage for all factors, which in CBA is called paramount advantage. A 

practical way of assigning Importance of Advantages (IofAs), that was used in this case 

study, is to write them in post-it notes, then draw a scale from 0 to 100 (or any other 

convenient scale, as defined by the paramount advantage), and finally place the post-it 

notes according to their importance relative to others (Figure 6.3). 

 

Figure 6.3 Deciding collaboratively on the importance of the advantages. 

In this particular case decision makers decided that the 0.25 higher value in the NRC 

rating (0.95 of Optima PB – 0.70 Ultima) was the paramount advantage, because it will 

make an important difference in the user experience. Therefore, decision makers assigned 

100 IofAs to this paramount advantage. Next, the design team assigned an importance 

score to the most important advantages for each criterion (the ones in italics in Table 6.5) 

by comparing them with the paramount advantage. In this case the advantage ‘free of 

added formaldehyde’ was the second most important advantage (90 IofAs), with 15 years 

of guarantee (90 IofAs). Finally, the design team assigned importance points to the other 

advantages. Once all advantages have been assigned IofAs, the total importance of each 

alternative is computed. In this way it was easy to compare which alternative provides a 

higher IofA score (Table 6.5). 

It is important to mention that decision makers did not necessarily assign IofAs linearly. 

For example, they assigned a value of 100 IofA to the advantages of Optima and Optra 

over Ultima, which is a 0.20 higher value in the NRC rating (0.90 of Optima – 0.70 

Ultima and 0.90 of Optra – 0.70 Ultima) as well as to the paramount advantage, which is 

a 0.25 higher value in the NRC rating (0.95 of Optima PB – 0.70 Ultima). 

The process of deciding IofA was mostly straightway agreed among the design team. In 

just one instance someone disagreed about an IofA. That person was trying to assign a 

higher IofA to the GWP advantage of Optima. Her argument was that the GWP factor 
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CBA TABULAR SPREADSHEET 

In the following case, an Austrian General Contractor (GC) was selecting partners for a 

small Integrated Project Delivery (IPD) project in social housing in November 2020. The 

goal of the project was the development of a timber module that would fit the specific 

project and could also be used for future projects. The timber production line was the 

GC’s own inhouse team. Regional small and medium-sized enterprises (SME) were 

interviewed to be partners during design development of the modules to optimize the 

production line and to produce the modules together not only for this project, but also for 

upcoming future projects. After explaining IPD to the different participants, interviews 

were conducted regarding the mindset of the potential team members. The information 

from the interviews were transmitted into the CBA Tabular format. The advantages where 

then determined, and the Importance of Advantages (IofA) assigned. Figure 4 shows the 

table and the scale of importance for the selection of the partner responsible for doors and 

windows. Using the Tabular method helped the GC to see the differences between trades 

in order to choose companies with a collaborative mindset. It also helped them to find 

solutions regarding capacity issues based on the size of the companies. For example, they 

brought two companies for the building equipment on board, which together developed 

the technical services. 

 

Figure 4: Image of the spreadsheet used to select the partner for doors and windows 

CBA TABULAR DIGITAL WHITEBOARD 

In this case study, a digital whiteboard was used to select the physicochemical process 

for a wastewater treatment plant. In separate sessions over a period of three months 

(January-April 2022), the Tabular was prepared with a small group of four people, 

including the Swiss public owner, and then discussed with a wider group. The decision 

initially consisted of eight alternatives, with 22 factors and 22 criteria. After defining the 

advantages and before assigning the importance through discussions and by seeing the 

differences, the team was able to reduce the number of factors and criteria to 13 (see 

Figure 5). The team was able to add and share information directly on the board, which 

helped them achieve a common understanding regarding attributes and advantages. 
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Figure 5: Image of the Digital Whiteboard for CBA Tabular use 

CBA TABULAR SOFTWARE 

Another way to document CBA decisions is through specialized software, such as 

Paramount Decisions. In this example the project team used software that helped them 

input CBA information step by step (see Figure 6). The inputs then are used to create 

graphics that summarize the decision. The decision was to choose a Demountable Glazing 

System for a partition wall in collaboration between the construction, design, and owner 

team. In this case, the GC team was introduced to CBA by an internal coach. One of the 

project engineers and the project estimator where particularly engaged, first 

understanding the CBA Tabular method and then learning how to use the software. The 

project engineer summarized the attributes of the alternatives, collecting four suppliers' 

information from a Request for Proposal (RFP). The GC team then asked the design team 

for additional factors to consider for aesthetics and functionality. Finally, the team met 

with the owner, presented an overview of CBA, and used the software scoring system to 

obtain the IofA from the owner's perspective. The last step was to make a decision by 

comparing the IofA with cost. The owner appreciated the team's preparation and 

transparency of the process, and the ability to separate cost vs. value. The software’s 

reporting function was used to share this decision with the team. 

 
Figure 6: Image of choosing a demountable glazing system using CBA software 
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(Je m ehr A n lagen  geplan t, des to  

bes s er.)

9_B etrieb s e rfahrun g 

(R eferen ze n ) zum  Z eitp u n kt da 

E M V  A R A  B irs  in  B et rieb  geht

7_Flexib ilitä t d e s  S y s tem s  auf 

s ic h ä n d ern d e A n fo rd eru n gen  

an zu p as s e n

(Je flexibler das  S ystem  auf 

un erw ü n s chte Ein leiter reagieren  

kan n , des to bes s er)

(Je m ehr Reaktion s - 

m öglichkeiten  seiten s  B etrieb, 

des to bes s er.)

(Je geringer der Ein flus s  der EM V  

auf die an deren  S tufen , des to  

bes s er.)

(Je un abhän giger vom  

Lieferan ten , des to bes s er.)

(Je gerin ger der 

A ktivkohles chlupf, des to bes s er.)

6 _R o b u s the it im  B etrieb  (in  

B ezug auf S to s s b elas t u n gen )

4 _B eein flu s s u n g an d erer 

V erfah ren s s t ufen  d u rch d ie  

E M V - S tufe

3 _A b hä n gigkeit v o n  

L ieferan ten  (B lackb o x- 

S teueru n g, A ktiv ko hle, 

S au ers to ff)

2 _A kt iv ko hle s ch lup f

W eder O zon  n och Pulveraktivko hle im  

Ein s atz

Pulveraktivkohle im  Ein s atz --> 

Exp los ion s gefahr

O zon  im  Ein s atz un d daher ein  heikles  

B etrieb s m ittel --> toxis ch

(Je hö her die A rbeits s icherheit, 

des to bes s er.)

1_A rb eit s s ich erheit (b ezü glich  

B e trieb s m itte lein s at z)

Variante A
Ozon und SandfilterFaktor

(Kriterium)

Variante B
Granulierte Aktivkohle

Variante C
Pulveraktivkohle und Sandfi lter

Variante E
M ikroGA K mit Tuch- Filtration

Variante F
O zon und Granulierte 

Akt ivkohle

Variante G
O zon, Pulveraktivkohle und 

Sandfilter

Variante H
G ranulierte A ktivkohle und 

Pulveraktivkohle in  Biologie

Variante I
U lmer Verfahren

O zon  im  Ein s atz un d daher ein  heikles  

B etrieb s m ittel --> toxis ch

O zon  im  Ein s atz un d daher ein  heikles  

B etriebs m ittel --> to xis ch

Pulveraktivkohle im  Ein s atz --> 

Exp los ion s gefahr

Pulveraktivko hle im  Ein s atz --> 

Exp lo s ion s gefahr

Pulveraktivkohle im  Ein s atz --> 

Explo s ion s gefahr

Kein  A ktivkohles chlupf S ehr gerin ger A ktivko hles chlupf Sehr gerin ger A ktivkohles chlupfO hn e Tuchfilter w ä re hö chs ter S chlupf zu 

erw arten  (bas ieren d auf Pen thaz).

 D urch die Tuchfiltration  w ird vergleichb arer 

S chlupf w ie bei S an dfiltration  erreicht.

In  B ezug auf G ren zw ert G U S  is t der S chlup f 

vern achlä s s igbar.

S ign ifikan ter S chlupf erw artet.

In  B ezug auf G ren zw ert G U S  is t dies  

vern achlä s s igbar.

B eide S ys tem e gut s teuerbar, kein e gro s s e 

A bhän gigkeit vo m  Lieferan ten

A bhän gigkeit vo n  der K ohlequalitä t

B eid e Sys tem e gut s teuerbar, kein e gros s e 

A bhä n gigkeit vom  Lieferan ten ,

G erin gere A b hä n gigkeit von  der 

Ko hlequalität

A lle Sys tem e gut s teuerbar, kein e gros s e 

A bhä n gigkeit vom  Lieferan ten

G erin gere A bhä n gigkeit von  der 

K ohlequalitä t

B eide S ys tem e gut s teuerbar, kein e gro s s e 

A bhän gigkeit vo m  Lieferan ten ,

G erin gere A bhän gigkeit vo n  der 

K ohleq ualitä t

B eide S ys tem e gut s teuerbar, kein e gros s e 

A b hä n gigkeit vom  Lieferan ten

A b hä n gigkeit von  der Kohlequalitä t

B eein flus s un g m in im al, led iglich Rü ckläufe 

au s  San d filtration  m ü s s en  behan delt 

w erden

B eein flus s un g m in im al, lediglich R ü cklä ufe 

aus  G A K - Filtration  m ü s s en  behan delt 

w erden

B eein flu s s un g der Schlam m eigen s chaften  

in  S B R , Faulun g un d En tw äs s erun g, zudem  

R ü cklä ufe aus  S an dfiltratio n. In  S B R m u s s  

gen ügen d hohes  S chlam m alter vorhan den  

s ein.

B eein flu s s u n g m in im al, led iglich Rü ckläufe au s  

Tu ch- Filtration  m ü s s en  behan delt w erd en , 

w en iger R ü cklä ufe als  bei an deren  V erfahren

B eein flus s un g m in im al, lediglich Rü cklä ufe 

aus  G A K - Filtration  m ü s s en  behan delt 

w erden

B eein flus s un g der S chlam m eigen s chaften  

in  S B R , Faulun g un d  En tw ä s s erun g, zudem  

R ü cklä ufe aus  S an dfiltratio n

B eein flu s s u n g der S chlam m eigen s chaften  

in  S B R , Faulu n g un d En tw äs s erun g, zudem  

R ü cklä ufe aus  S an dfiltration

B eein flus s un g der S chlam m eigen s chaften  

in  S B R, Faulun g un d En tw ä s s erun g, zudem  

Rü ckläufe au s  San d filtration  [M A X ]

Erhöhu n g der O 3 - D os ierun g / O p tim ierun g

der Regelun g m öglich

Kein e u n m ittelbaren  

Reaktio n s m ö glichkeiten  vorhan den  (die 

EM V - S tu fe m ü s s te m it fein erer G A K gefü llt 

w erden , w as  ers t b eim  n ä chs ten  G A K- 

Ers atz m ö glich is t)

Erhöhun g der PA K- D os ierun g / 

O ptim ierun g der Regelu n g (z. B . an han d 

N ieders chlags daten/W etterprogn os e) 

m ö glich,

W echs el Kohle m öglich

O 3  fü hrt zur B ildun g von  (auch n och 

un b ekan n ten ) N eben produkten

O 3  fü hrt zur B ildun g vo n  (auch n o ch 

un bekan n ten ) N eb en prod ukten , durch das  

Ko m bi- V erfahren  en ts tehen  jedoch 

w en iger dies er S to ffe

O 3 führt zu r B ildun g von  (auch n och 

un bekan n ten ) N eben pro dukten , durch das  

K om bi- V erfahren  en ts tehen  jedoch 

w en iger dies er S toffe

Kein e B ildun g von  N eben p rodukten , 

allerd in gs  kan n  Effektivitä t bei gew is s en  

S toffen  verm in dert s ein

K ein e B ildun g vo n  N eben p rodukten , 

allerdin gs  kan n  Effektivitä t bei gew is s en  

S toffen  verm in d ert s ein

Kein e B ildun g von  N eben produkten , allerdin gs  

kan n  Effektivitä t bei gew is s en  S toffen  verm in dert 

s ein

K ein e B ildun g von  N eben produkten , 

allerdin gs  kan n  Effektivitä t b ei gew is s en  

S to ffen  verm in dert s ein

Kein e B ildun g von  N eben produkten , 

allerdin gs  kan n  Effektivität bei gew is s en  

S toffen  verm in dert s ein

B reitban d w irkun g (1) G ew is s e B reitban dw irkun g (2)Kein e B reitban dw irkun g (3) K ein e B reitban dw irkun g (3 ) Kein e B reitban dw irkun g (3 ) Kein e B reitban d w irkun g (3 )

Leicht höhere A rbeits s icherheit 

bezüglich B etriebs m ittelein s atz

M oderater Schlupf erw artet

Erhöhun g der uG A K- D os ierun g / O ptim ierun g 

der Regelun g (z. B . an han d 

N ieders chlags daten /W etterpro gn os e) m öglich,

W echs el Ko hle m ö glich

Erhöhun g der O 3- D os ierun g / O p tim ierun g

der Regelun g m öglich; Freiheits grad m it 

w elcher S tufe m ehr elim in iert w erden  s o ll

Erhö hun g der O 3- s ow ie PA K - D o s ierun g / 

O ptim ierun g der Regelun g m ö glich; 

Freiheits grad m it w elcher S tufe m ehr 

elim in iert w erden  s oll, W echs el der Ko hle 

m ö glich

Erhö hun g der PA K - D os ierun g / 

O ptim ierun g der Regelun g m ö glich; 

Freiheits grad m it w elcher S tufe m ehr 

elim in iert w erden  s oll; W ech s el der Kohle 

m ö glich (n ur PA K)

Erhö hun g der PA K- D os ierun g / 

O ptim ierun g der R egelun g m öglich,

W echs el K ohle m ö glich

Variante A
Ozon und Sandfilter

Variante B
Granulierte Aktivkohle

Variante C
Pulveraktivkohle und Sandfi lter

Variante E
M ikroGA K mit Tuch- Filtration

Variante F
O zon und Granulierte 

Akt ivkohle

Variante G
O zon, Pulveraktivkohle und 

Sandfilter

Variante H
G ranulierte A ktivkohle und 

Pulveraktivkohle in  Biologie

Variante I
U lmer Verfahren

N ur A ktivkohle. W en n  K ohlew echs el n icht 

aus reicht m ü s s te das  V erfahren  

an gep as s t/ergän zt w erden  (z. B . 

zus ätzliche PA K- D os ierun g = V arian te H )

N ur A ktivko hle, aber 2  vers chieden e 

A ktivkohlen  (gran uliert un d Pulver)

C H : 14 in  Plan u n g/B au

D E: 5  in  Plan un g/B au

C H : 7 in  Plan un g/Bau

D E: 6  in  Plan un g

C H : 7 in  Plan un g/B au C H : 12  in  Plan un g/B au C H :  gew is s e in  "frü her Plan un g" (= n o ch 

n icht beim  B A FU  an gehö rt)

C H : 1 A RA  in  Plan un g/Bau C H : 1 A RA  in  Plan un g/B au C H : 2  in  Plan u n g/B au

2 '800 m 2 3 '000 m 2

O zo n un g zw eis tras s ig, A us legun g kö n n te 

s o  s ein , das s  1 S tras s e 10 m in  

A ufen thalts zeit hat, 2  S tras s en  2 0 m in ; O 3 - 

A ufbereitun g eben falls  redun dan t.

San dfiltration  hat z. B . 12  Zellen , bei n -2  

[ein e in  R evis io n , ein e am  S pü len ] s in d 

n och 10 Zellen  in  B etrieb

Relevan t is t d ie Lö s un g des  V erteilkan als

A us s erb etrieb n ahm e ein er G A K- Filterzelle 

betrifft n ur ein en  B ruchteil der Kapazitä t 

(z. B . 16  Zellen  vorhan den , bei n -2 [ein e 

am  S pü len ] s in d n och 14 Zellen  in  B etrieb)

Relevan t is t die Lö s un g des  V erteilkan als

PA K - K on taktbecken  zw eis tras s ig, 

A us legun g kö n n te s o ein , das s  1 S tras s e 10 

m in  A ufen thalts zeit hat, 2  S tras s en  2 0 m in ; 

PA K- Lagerun g un d D os ierun g redun dan t

S an dfiltratio n  hat z. B . 12  Zellen , bei n -2  

[ein e in  Revis ion , ein e am  S p ü len ] s in d  

n och 10 Zellen  in  Betrieb

R elevan t is t die Lö s u n g des  V erteilkan als

S tufe hat z. B . 12  Zellen , bei n -2  [ein e in  R evis io n , 

ein e am  S p ü len ] s in d n o ch 10 Zellen  in  B etrieb; 

G A K- Lagerun g un d A ufbereitun g redun dan t.

Relevan t is t die L ö s un g des  V erteilkan als

O zon un g un d PA K - S tufe verm utlich 

jew eils  ein s tras s ig, bei 

A us s erbetriebn ahm e s teht die jew eils  

an dere Stufe zur V erfü gun g.

S an dfiltratio n  hat z. B . 12  Zellen , bei n -2  

[ein e in  Revis ion , ein e am  S pü len ] s in d  

n och 10 Zellen  in  B etrieb

R elevan t is t die Lö s un g des  V erteilkan als

A us s erbetriebn ahm e ein er G A K- Filterzelle 

b etrifft n ur ein en  B ruchteil der K ap azitä t 

(z. B.  16  Zellen  vorhan den , bei n -2  [ein e 

am  S pü len ] s in d n och 14 Zellen  in  B etrieb)

R elevan t is t die Lö s u n g des  V erteilkan als ;

PA K  kan n  gen utzt w erden  um  

A us s erbetriebn ahm e  vo lls tä n dig 

abzufedern .

W en ig M es s techn ik aber Kohle- H an d lin g 

(Q S, D os ierun g, Pro duktw ahl) aufw en dig, 

m ehr EM T als  V arian te C

Ko m bin atio n  aus  V arian te A  un d B

1.5  m gPA K/m gD O C

0.2  m gFe/m gPA K

0.04 m gp FM /m gPA K

182  tA K /a

3 6  tFe/a

7 tpFM /a

= 2 2 5  t/a

0.2  m gO 3 /m gD O C

1 m gA K /m gD O C

2 4 tO 3 /a, en ts pricht 2 40 tO 2 /a

12 1 tPA K /a

= 3 6 1 t/a

2 m gA K/m gD O C

24 3  tA K /a

= 243  t/a

2  m gA K /m gD O C

2 43  tA K/a

= 2 43  t/a

0.5  m gO 3 /m gD O C

6 0.6  tO 3 /a, en ts pricht 6 06  tO 2 /a

= 6 06  t/a

B reitban dw irkun g (1)

leicht hö here Flexibilitä t 

hin s ichtlich un erw ü n s chter 

Ein leiter

etw as  höhere Flexib ilitä t 

hin s ichtlich 

A u s s erbetriebn ahm en

deutlich höhere Flexib ilitä t hin s ichtlich 

A u s s erbetriebn ahm en

hö here Flexibilitä t hin s ichtlich 

A u s s erbetrieb n ahm en

höhere Flexibilität hin s ichtlich 

A us s erb etrieb n ahm en

deutlich hö here Flexibilitä t 

hin s ichtlich 

A us s erb etrieb n ahm en

4'100 m 2 8'3 00 m 2

5 '3 00 m 2  w en iger Platzbedarf4'5 00 m 2  w en iger Platzbedarf4'2 00 m 2  w en iger Platzbedarf5 '800 m 2  w en iger Platzbedarf4 '800 m 2  w en iger Platzbedarf5 '5 00 m 2 w en iger Platzbedarf4'900 m 2  w en iger Platzbedarf

U n w es en tlich höhere 

A rb eits s icherheit bezü glich 

B etrieb s m ittelein s atz

U n w es en tlich hö here 

A rbeits s icherheit bezü glich 

B etriebs m ittelein s atz

U n w es en tlich hö here 

A rbeits s icherheit bezüglich 

B etriebs m ittelein s atz

U n w es en tlich höhere 

A rb eits s icherheit bezü glich 

B etrieb s m ittelein s atz

Etw as  w en iger A ktivko hles chlupf 

erw artet

Etw as  w en iger A ktivkohles chlup f 

erw artet

Etw as  w en iger A ktivkohles chlupf 

erw artet

D eu tlich w en iger 

A ktivko hles chlupf erw artet

Etw as  gerin gere A b hä n gigkeit 

vo n  Lieferan ten

Etw as  gerin gere A bhä n gigkeit 

von  L ieferan ten

G erin gere A bhän gigkeit von  

L iefern ten

G erin gere A bhä n gigkeit von  

Lieferan ten

G erin gere A b hä n gigkeit von  

Lieferan ten

D eutlich gerin gere A b hä n gigkeit 

von  Lieferan ten

deutlich gerin gere gegen s eitige 

B eein flu s s u n g der V erfahren s s tufen

Etw as  m ehr Reaktion s m ö glichkeiten  

vorhan den  in  B ezug auf 

S to s s b elas tun gen

Etw as  m ehr 

Reaktion s m ö glichkeiten  

vorhan den  in  B ezug auf 

S tos s b elas tu n gen

M ehr Reaktio n s m ö glichkeiten  

vorhan den  in  B ezug auf 

S to s s b elas tun gen

M ehr R eaktion s m ö glichkeiten  

vo rhan den  in  B ezug auf 

S to s s belas tun gen

Etw as  m ehr 

Reaktion s m ö glichkeiten  

vorhan den  in  Bezug auf 

S tos s b elas tun gen

W en iger W artun gs - un d 

B etreuun gs aufw an d  erw artet

W en iger W artu n gs - un d 

B etreuun gs au fw an d  erw artet

ein e s o zialveran tw o rtliche 

B es chaffun g der Betrieb s m ittel 

is t deutlich ein facher

780 t/a w en iger C O 2 2 2 5  t/a w en iger C O 2

0.09 kW h/m 3

1.5 6  G W h/a

0.05  kW h/m 3

0.87 G W h/a

0.03  kW h/m 3

0.5 2  G W h/a

0.06  kW h/m 3

1.04 G W h/a

0.07 kW h/m 3

1.2 1 G W h/a

0.03 5  kW h/m 3

0.6 1 G W h/a

0.06  kW h/m 3

1.04 G W h/a

0.04 kW h/m 3

0.6 9 G W h/a

0.6 9 G W h/a w en iger 

S trom verbrauch

0.87 G W h/a w en iger S tro m verbrauch 0.5 2  G W h/a w en iger 

S trom verbrauch

0.3 5  G W h/a w en iger 

S trom verbrauch

0.95  G W h/a w en iger 

S trom verbrauch

0.5 2  G W h/a w en iger 

S tro m verb rauch

0.2  m gO 3 /m gD O C

1 m gA K/m gD O C

0.1 m gFe/m gPA K

2 4 tO 3 /a, en ts pricht 2 40 tO 2 /a

12 1 tPA K/a

12  tFe/a

= 3 73  t/a

N ur A ktivko hle. K ohle kan n  gew echs elt w erden , 

K on zen tratio n  kan n  an gep as s t w erden .

N ur A ktivkohle. K ohle kan n  gew echs elt 

w erden , K on zen tration  kan n  an gepas s t 

w erden.

hö here Flexibilitä t hin s ichtlich 

un erw ü n s chter Ein leiter

leicht höhere Flexib ilitä t 

hin s ichtlich un erw ü n s chter 

Ein leiter

leicht hö here Flexib ilitä t 

hin s ichtlich un erw ü n s chter 

Ein leiter

un w es en tlich hö here Flexib ilitä t 

hin s ichtlich un erw ü n s chter Ein leiter

C H : 6  A n lagen  in  B etrieb

D E: 4 A n lagen  in  B etrieb

S W E: 2 A n lagen  in  B etrieb

N L: 1 A n lage in  B etrieb

8 _A ktuelle B etrieb s erfahru n g

(R eferen ze n )

C H : 0 A n lagen  in  B etrieb

D E: 5  A n lagen  in  B etrieb (viele 

Teils trom an lagen )

S W E: 2  A n lagen  in  B etrieb

N L: 1 A n lage in  B etrieb

C H : 2  A n lagen  in  B etrieb

ggf. w eitere A n lagen  in  D E vo rhan den

C H : 1 A n lagen  in  B etrieb (ohn e Tuchfilter) C H : 1 A n lagen  in  B etrieb

D E: 1 A n lagen  in  B etrieb

V erfahren , s etzt s ich aber aus  etablierten  

V erfahren  zu s am m en

S W E: 1 A R A  in  B etrieb

C H : 2  A R A  in  B etrieb

D E: 10 A RA  in  B etrieb

R elativ n eues  V erfahren , s etzt s ich aber 

aus  etablierten  V erfahren  zu s am m en  0 

A RA  in  B etrieb

R elativ n eues  V erfahren , s etzt s ich aber 

aus  etablierten  V erfahren  zus am m en

 A RA  in  Betrieb

w es en tlich m ehr A n lagen  in  

Plan un g/ B au

w es en tlich m ehr A n lagen  in  Plan un g/ 

B au

d eutlich m ehr A n lagen  in  

Plan un g/ Bau

w en ig m ehr A n lagen  in  Plan un g/ 

B au

w en ig m ehr A n lagen  in  Plan un g/ 

B au

w en ig m ehr A n lagen  in  Plan un g/ 

Bau

3 6 3  t/a bzw . 6 0 %  gerin gerer 

B etrieb s m ittelverbrauch

3 2 5  t/a b zw . gut 5 0 %  gerin gerer 

B etriebs m ittelverbrauch

2 45  t/a bzw . 40 %  gerin gerer 

B etrieb s m ittelverbrauch

2 3 3  t/a bzw . kn app  40 %  

gerin gerer 

B etriebs m ittelverbrauch

deutlich gerin gere gegen s eitige 

B eein flus s un g der 

V erfahren s s tufen

deutlich gerin gere gegen s eitige 

B eein flus s un g d er 

V erfahren s s tufen

deutlich gerin gere gegen s eitige 

B eein flus s un g der 

V erfahren s s tu fen

etw as  gerin gere gegen s eitige 

B eein flus s un g der 

V erfahren s s tufen

gerin gere gegen s eitige 

B eein flu s s u n g der 

V erfahren s s tufen

etw as  gerin gere gegen s eitige 

B eein flus s un g der 

V erfahren s s tufen

deutliche hö here Flexibilitä t 

hin s ichtlich un erw ü n s chter 

Ein leiter

w es en tlich um fan greichere 

B etrieb s erfahrun g vorhan den

w es en tlich um fan greichere 

B etrieb s erfahrun g vorhan den

deutlich höhere Flexibilität 

hin s ichtlich 

A us s erbetriebn ahm en

Etw as  w en iger W artu n gs - un d  

B etreuun gs au fw an d erw artet

D eutlich w en iger W artu n gs - un d  

B etreuun gs aufw an d  erw artet

Etw as  w en iger W artun gs - u n d 

B etreuun gs aufw an d erw artet

Etw as  w en iger W artun gs - un d 

B etreuun gs aufw an d erw artet

S ozialveran tw ortliche B es chaffun g der A K  

(z. B. A K  au s  n achw achs en den  R ohs to ffen  

un d p roduziert in  D euts chlan d) kan n  

durch un gü n s tige Rahm en bed in un gen  (z. 

B . verm in derte Leis tun g gew is s er A K - 

Produkte) ers chw ert s ein .

B reitban d w irkun g vs. kein e 

B reitban d w irkun g

B reitban dw irkun g vs . kein e 

B reitban dw irkun g

988 t/a w en iger C O 2 1'005  t/a w en iger C O 2 1'05 8 t/a w en iger C O 2 5 89 t/a w en iger C O 2

U n w es en tlich hö here A rb eits s icherheit 

bezü glich Betriebs m ittelein s atz

M o derater S chlup f erw artetM od erater S chlupf erw artet

(Je geringer die S en s itivitä t der 

EM V, des to bes ser.)

5 _S en s itivitä t d er E M V - S tu fe  

au f G U S  au s  d en  S B R  

B eein flus s un g m in im al, da G U S  in  ers ter 

S tufe in  der S edim en tation  abgetren n t 

w ird u n d ers t in  zw eiter Lin ie im  S F.

B eein flu s s un g der Elim in ation s leis tu n g 

vo rhan den , da Filter ö fter rü ckges pü lt un d 

en ts p rechen d PA K  aus getragen  w ird.

G U S  ab S B R  hat kein en  Ein flu s s  

auf die EM V - S tufe vs . 

B eein flus s un g 

Elim in ation s leis tun g

G ew is s e B eein flus s u n g vorhan den , da u G A K- 

Filter ö fter rü ckges pü lt w erden  m us s .

G ew is s e B eein flus s un g vo rhan den , da 

Filter ö fter rü ckges pü lt w erden  m us s .

B eein flus s un g der Elim in ation s leis tun g 

vorhan den , da Filter ö fter rü ckges pü lt un d 

en ts prechen d PA K  au s getragen  w ird.

B eein flu s s u n g der Elim in atio n s leis tun g 

vo rhan den , da Filter ö fter rü ckges pü lt 

aus getragen  w ird.

S ozialveran tw ortliche B es chaffun g der A K  

(z. B . A K  aus  n achw achs en den  Rohs toffen  

u n d produziert in  D euts chlan d ) kan n  

d urch un gü n s tige Rahm en bedin un gen  (z. 

B . verm in derte Leis tun g gew is s er A K - 

Pro dukte) ers chw ert s ein.

Sozialveran tw ortliche B es chaffu n g der A K (z. B. 

A K  au s  n achw achs en den  Rohs toffen  un d  

produziert in  D eu ts chlan d) kan n  durch  

un gü n s tige Rahm en bedin un gen  (z. B . 

verm in derte Leis tun g gew is s er A K- Pro dukte) 

ers chw ert s ein.

So zialveran tw o rtliche B es chaffun g der A K  

(z. B . A K au s  n achw achs en den  R ohs toffen  

un d p ro duziert in  D euts chlan d) kan n  

durch un gü n s tige R ahm en bed in u n gen  (z. 

B . verm in d erte Leis tu n g gew is s er A K- 

Produkte) ers chw ert s ein .

S ozialveran tw ortliche B es chaffun g der A K  

(z. B. A K  aus  n achw achs en den  R ohs toffen  

un d p roduziert in  D euts chlan d) kan n  

d urch un gü n s tige Rahm en bedin un gen  (z. 

B . verm in derte Leis tu n g gew is s er A K - 

Pro dukte) ers chw ert s ein .

S ozialveran tw ortliche B es chaffun g der A K  

(z. B . A K aus  n achw achs en den  Rohs toffen  

u n d  produziert in  D euts chlan d) kan n  

d urch un gü n s tige Rahm en bedin un gen  (z. 

B . verm in derte Leis tun g gew is s er A K- 

Produkte) ers chw ert s ein .

S o zialveran tw o rtliche B es chaffun g d er A K  

(z. B . A K aus  n achw achs en den  Ro hs toffen  

un d  produziert in  D euts chlan d) kan n  

durch un gü n s tige R ahm en bedin un gen  (z. 

B. verm in derte Leis tun g gew is s er A K- 

Produkte) ers chw ert s ein .

36 3  t/a bzw . 6 0 %  gerin gerer 

B etriebs m ittelverbrauch

3 6 3  t/a bzw . 6 0 %  gerin gerer 

B etriebs m ittelverbrauch

deutlich m ehr 

B etriebs erfahrun g vorhan den

m ehr B etrieb s erfahrun g 

vo rhan den

l ö s che n, d a n icht  

re levan t

G erin gere B ildun g von  

un bekan n ten  N eben produkten  

vs . B ild un g von  un bekan n ten  

N eben p rodukten , d ie in  der 

Eign un gs abklä run g jedoch als  

u n auffä llig iden tifiziert w urden.

10 10 403 0

385460530545235325440525

Total 

Importance of 

Advantages

3 0

40

5 0

90

5 090 100

13  g/m 3  (exkl. B au; 5 0:5 0 A  u n d  B )

9 g/m 3  (B au )

= 2 2  g/m 3

3 81 t/a

G U S  ab  S B R hat n u r in  

A u s n ahm efä llen  ein en  Ein flu s s  

auf die EM V - S tu fe, w en n   v s . 

B e ein flus s un g d er 

Elim in ation s leis tu n g

G ew is s e B eein flus s un g vorhan den , d a 

Filter ö fter rü ckges pü lt w erd en  m us s .

B eein flus s un g m in im al, da G U S  im  S F die 

Elim in ation s leis tu n g n icht b eein trä chtigt.

G erin gere B ild un g vo n  

u n b ekan n ten  N eb en p ro du kten  

v s . B ildu n g vo n  un bekan n ten  

N eben pro du kten , die in  der 

Eign un gs ab klä ru n g jedo ch als  

u n au ffä llig id en tifiziert w urden .

Kein e B ildu n g vo n  u n bekan n ten  

N e ben prod ukten  vs . B ildu n g 

vo n  un bekan n ten  

N e ben prod ukten , d ie in  d er 

Eign u n gs abklä run g je doch als  

un auffä llig iden tifiziert w u rd en.

Ke in e B ild un g vo n  un bekan n ten  

N eben prod ukten  vs . B ild un g 

vo n  un bekan n ten  

N eben prod ukten , d ie in  der 

Eign un gs abklä ru n g jedo ch als  

un auffä llig iden tifiziert w u rden .

Kein e B ildu n g von  u n b ekan n ten  

N eb en p rodu kten  vs . B ildu n g 

von  u n b ekan n ten  

N eb en p rodu kten , die in  d er 

Eign u n gs abklä run g jed och als  

un auffä llig id en tifiziert w urd en.

Kein e B ildu n g vo n  un bekan n ten  

N eben prod ukten  v s . B ildu n g 

vo n  un bekan n ten  

N eben prod ukten , d ie in  d er 

Eign u n gs abklä run g jedo ch als  

un auffä llig iden tifiziert w u rd en.

K ein e B ild un g vo n  un bekan n ten  

N eben prod u kten  vs . B ild un g 

von  un bekan n ten  

N eben prod u kten , d ie in  der 

Eign un gs ab klä ru n g jedo ch als  

u n au ffä llig id en tifiziert w u rden .

G e w is s e B reitban dw irkun g vs . 

kein e B reitban dw irkun g

w es en tlich m ehr A n lagen  in  

Plan un g/ Bau

u n w es en tlich hö here Flexib ilitä t 

hin s ich tlich un erw ü n s chter 

Ein leiter

m ehr B etrieb s erfahrun g 

v orhan den

m ehr B etriebs erfah run g 

vo rhan d en

d eutlich m eh r 

B etrieb s erfahrun g vorhan den

N ur A ktivko hle. K ohle kan n  gew ech s elt 

w erd en , K on zen tratio n  kan n  an gep as s t 

w erd en.

N u r O zo n .

Ko n zen tratio n  kan n  allen falls  n icht w ie 

gew ü n s ch t erhö ht w erd en , d a 

un erw ü n s ch te N eben pro du kte en ts tehen  

kö n n ten . Im  s chlechten  Fall m ü s s te d as  

V erfahren  an gep as s t w erd en  (z.B. G A K - 

Filter an s telle S an dfilter)

Flexib ilitä t au fgru n d  O zo n  (hier kan n  

K on zen tration  an gep as s t w erd en ) un d 

A ktivko hle (2  S tufen )

Flexib ilitä t au fgrun d O zon  un d A ktivkohle 

(2  S tufen ) zud em  Flexibilitä t b ei PA K d an k 

s chn ellem  K ohlew ech s el

2 0 g/m 3  (exkl. B au ; an alo g zu  B )

5  g/m 3  (B au)

= 2 5  g/m 3

43 3  t/a

5 4 g/m 3  (exkl. B au ; 1.5 /2 .1 vo n  V arian te C  

aufgrun d Ein s parun g PA K , 

M ehren ergieverbrauch vern achlä s s igbar)

16  g/m 3  (B au)

= 70 g/m 3

1'2 14 t/a

D eu tlich m ehr 

Reaktio n s m ö glichkeiten  

vorhan d en  in  B ezug auf 

S to s s belas tun gen

Etw as  m ehr 

Reaktion s m ö glichke iten  

vo rhan d en  in  B ezu g auf 

S to s s belas tu n gen

Etw as  gerin gere A bhä n gigkeit 

von  Lieferan ten

D eutlich w en iger 

A ktivko hles chlup f erw artet

A ktivkohles chlu p f is t 

aus ges ch los s en  vs . ein em  A K- 

V erlus t, d er de n  G U S - G ren zw ert 

im  A b lau f ab er n icht 

beein trä chtigt

3 '800 m 22 '5 00 m 23 '5 00 m 2

-1'2 3 0 t/a w en iger C O 2

3 1 g/m 3  (exkl. B au; 80:2 0 au s  B  u n d  C )

7 g/m 3  (B au )

= 3 8 g/m 3

6 5 6  t/a

40 g/m 3  (exkl. B au ; 5 0:5 0 aus  A  un d C )

9 g/m 3  (B au)

= 49 g/m 3

85 0 t/a

75  g/m 3  (exkl. B au )

8 g/m 3  (B au)

= 83  g/m 3

1'440 t/a

2 0 g/m 3  (exkl. B au)

6  g/m 3  (B au )

= 2 6  g/m 3

= 4 5 0 t/a

5  g/m 3  (exkl. B au )

7 g/m 3  (B au)

= 12  g/m 3

= 2 08  t/a

En tw ed er hier od er bei V arian te G  

hö chs ter A u fw an d erw artet. D ies e 

V arian te  w eis t am  m eis ten  EM T  au f.

Ko m b in ation  au s  V arian te B  un d CH o her A ufw an d erw artet (A u fw an d  

V arian ten  A  u n d  C  kom bin iert)

W artu n gs - un d B etreu un gs aufw an d 

m in im al

3 '400 m 2

W en ig bew egte T eile un d w en ig 

M es s tech n ik ab er K o hle- H an dlin g (Q S , 

D o s ieru n g, Prod uktw ahl) aufw en dig

U V - S en s o ren  au fw en d ig, verhä ltn is m ä s s ig 

viel EM T

B e s chaffun g Flü s s ig- O 2  is t 

s ozialv eran tw ortlich (in  C H  / EU )

(Je s ozialveran tw ortlicher, des t 

bes s er.)

13 _S o zialv eran t w o rtliche 

B es chaffu n g B e trieb s m it te l

Kein e B reitb an d w irku n g (3 )

B ei be iden  S ys tem en  ein e gew is s e 

A b hä n gigkeit v om  S ys tem lieferan ten

A b hä n gigkeit v on  K ohlequ alitä t

S ys tem  gut s teu erb ar, kein e gro s s e 

A bh ä n gigkeit vo m  Lieferan ten ,

A bh ä n gigkeit vo n  der K ohlequ alitä t

B e ide S ys tem e gu t s teuerbar, kein e gro s s e 

A b hä n gigkeit vom  L ieferan ten

(Je w en iger N eben produkte, 

des to bes s er.)

(Je höhere B reitban dw irkung 

des to bes s er)

18 _U n erw ü n s ch te  N e b en - 

p ro d u kte/M et ab o lite n

17_R e in igu ng s leis t u ng/ 

B re itb an d w irku n g (1:O 3 +A K ; 2 : 

A K +A K ; 3 :O 3/A K )

(Je gerin ger die C O 2- B ilanz, 

des to bes s er.)

16 _C O 2- B ilan z (im  B e trieb , in kl. 

B au ), b as iere n d auf A &G  N r. 2  

(2 0 20) S. 3 5  ff.

(Je n iedriger der A ufw an d, des to  

bes s er.)

12 _W artu n gs - u n d  

B etreu u n gs au fw a n d

(Je gerin ger der Platzbedarf, 

des to bes s er.)

10_Platzb ed arf

(Je m ehr m ehr A nlagen  

im plem en tiert, des to bes s er.)

(Je m ehr A nlagen  geplan t, des to 

bes s er.)

9_B et rie b s erfa hru ng  

(R eferen ze n ) zu m  Ze itp u n kt  da  

EM V  A R A  B irs  in  B etrie b  geh t

7_Flex ibilitä t  d e s  S y s te m s  au f 

s ich ä n d ern d e A n fo rd eru n gen  

an zu p as s en

(Je flexibler das  Sys tem  auf 

un erw ün s chte Ein leiter reagieren 

kan n , des to bes s er)

(Je m ehr Reaktion s - 

m öglichkeiten  seitens  B etrieb, 

des to bes s er.)

(Je un abhä ngiger vom  

Lieferan ten , des to bes s er.)

(Je gerin ger der 

A ktivkohles chlupf, des to bes s er.)

6 _R ob u s t heit im  B e t rieb (in  

B ezu g au f S to s s b elas tun gen )

3 _A b h än gigke it vo n  

Lie feran te n  (B lackbo x- 

S teu e ru n g, A ktiv ko h le, 

S au ers t off)

2 _A ktivko h le s chlu p f

Variante A

Ozon und SandfilterFaktor

(Kriterium)

Variante B

Granulierte Aktivko hle

Variante C

Pulveraktivkohle und  Sandfi lter

Variante E

MikroGAK mit Tuch- Filtration

Variante F

Ozon und Granulierte 

Aktivkohle

Variante G

Ozon, Pulveraktivkohle und 

Sandfilter

Variante H

Granulierte Aktivkohle und 

Pulveraktivkohle in Bio logie

Variante I

Ulmer Verfahren

Kein  A ktivko hles ch lup f S eh r gerin ger A ktivkoh les chlup f S ehr gerin ger A ktivkohles chlup fO hn e  T uchfilter w ä re hö chs ter S ch lup f zu  

erw arten  (bas ieren d auf Pen thaz).

 D u rch d ie Tu ch filtratio n  w ird  

vergleichbarer S chlu pf w ie b ei 

San dfiltratio n  erreicht.

In  B ezug auf G ren zw e rt G U S  is t d er 

Schlup f vern achlä s s igbar.

S ign ifikan ter Schlup f erw artet.

In  B ezug auf G ren zw ert G U S  is t d ies  

vern achlä s s igb ar.

B eide S ys tem e gu t s teuerb ar, kein e gro s s e 

A b hä n gigkeit vom  L ieferan te n

A b hä n gigkeit vo n  d er Ko hlequalitä t

B eid e S ys tem e gut s teu erb ar, kein e gro s s e 

A bh ä n gigkeit vo m  Lieferan ten ,

G erin gere A bhä n gigkeit vo n  der 

K oh lequ alitä t

A lle S ys tem e gut s teu erb ar, kein e gro s s e 

A b hä n gigkeit vom  Lieferan ten

G erin gere A b hä n gigke it von  d er 

K ohleq ualitä t

B eid e S ys tem e gut s teu erb ar, kein e gro s s e 

A bh ä n gigkeit vo m  L ieferan ten ,

G e rin gere A bhä n gigkeit vo n  d er 

K o hlequ alitä t

B eide S ys tem e gu t s teuerbar, kein e gro s s e 

A b hä n gigkeit vom  Lieferan ten

A b hä n gigkeit vo n  d er K o hlequalitä t

Erhö hun g d er O 3 - D o s ieru n g / 

O ptim ieru n g

der R egelu n g m ö glich

K ein e un m ittelb aren  

R eaktion s m ö glichkeiten  vorhan den  (die 

EM V - S tu fe m ü s s te m it fein erer G A K  gefü llt 

w erden , w as  ers t b eim  n ä chs ten  G A K- 

Ers atz m ö glich is t)

Erhö hun g d er PA K- D os ieru n g / 

O ptim ieru n g d er Regelun g (z. B . an han d 

N ieders chlags daten /W etterp rogn o s e) 

m ö glich,

W ech s el K o hle m ö glich

O 3  fü hrt zur B ildu n g von  (auch n och 

un bekan n ten ) N e ben prod ukten

O 3  fü hrt zu r B ildu n g vo n  (au ch  n o ch  

u n b ekan n ten ) N eben pro dukten , d urch d as  

K om b i- V erfahren  en ts tehen  jedo ch  

w en iger dies er S to ffe

O 3  fü hrt zu r B ild un g von  (auch n och 

un bekan n ten ) N eb en p rodu kten , du rch das  

K om bi- V erfahren  en ts tehen  jed och 

w en iger d ies e r Stoffe

K ein e B ild un g vo n  N e ben prod ukten , 

allerd in gs  kan n  Effektiv itä t bei gew is s en  

S to ffen  verm in dert s ein

Kein e B ildu n g vo n  N eb en p ro dukten , 

allerd in gs  kan n  Effektivitä t bei gew is s e n  

S toffen  verm in dert s ein

Kein e B ildu n g von  N ebe n p ro du kten , 

allerdin gs  kan n  Effektivitä t b ei gew is s en  

S toffen  verm in d ert s e in

Ke in e B ild un g vo n  N eb en p rod ukten , 

alle rd in gs  kan n  Effektiv itä t bei gew is s en  

S toffen  verm in dert s ein

Kein e B ildu n g vo n  N eb en p ro du kten , 

allerdin gs  kan n  Effektivitä t bei gew is s en  

S toffen  verm in dert s ein

B reitb an d w irkun g (1) G e w is s e B reitban dw irkun g (2 )K ein e B reitban dw irkun g (3 ) Kein e B reitb an d w irkun g (3 ) Kein e B reitb an d w irku n g (3 ) Kein e B reitb an d w irkun g (3 )

M od erater S chlup f erw artet

Erhö hun g der uG A K - D o s ieru n g / 

O p tim ierun g d er Regelu n g (z. B . an han d  

N ieders ch lags d aten /W ette rp ro gn o s e) 

m ö glich,

W ech s el Ko hle m ö glich

Erhö hu n g der O 3 - D o s ieru n g / 

O p tim ieru n g

d er Regelu n g m ö glich ; Freiheits grad m it 

w elcher S tu fe m ehr elim in iert w erd en  s o ll

Erhö hun g der O 3 - s o w ie PA K - D o s ierun g / 

O ptim ierun g d er Regelun g m ö glich; 

Freiheits grad m it w elcher S tu fe m ehr 

elim in iert w erd en  s oll, W ech s el der K ohle 

m ö glich

Erhö hu n g d er PA K- D o s ieru n g / 

O p tim ieru n g der R egelu n g m ö glich; 

Freiheits grad  m it w elcher S tufe m ehr 

elim in iert w erden  s o ll; W e chs el d er Ko hle 

m ö glich (n u r PA K )

Erhö hun g d er PA K- D os ie ru n g / 

O ptim ieru n g d er R ege lun g m ö glich,

W ech s el Ko hle m ö glich

Variante A

Ozon und Sandfilter

Variante B

Granulierte Aktivko hle

Variante C

Pulveraktivkohle und  Sandfi lter

Variante E

MikroGAK mit Tuch- Filtration

Variante F

Ozon und Granulierte 

Aktivkohle

Variante G

Ozon, Pulveraktivkohle und 

Sandfilter

Variante H

Granulierte Aktivkohle und 

Pulveraktivkohle in Bio logie

Variante I

Ulmer Verfahren

N ur A ktivko hle. W en n  K o hlew echs el n icht 

au s reicht m ü s s te das  V erfahren  

an gep as s t/ergä n zt w erd en  (z. B . 

zu s ä tzliche PA K - D os ierun g = V arian te H )

N ur A ktivko hle, ab er 2  vers chieden e 

A ktivkohlen  (gran uliert u n d  Pu lver)

C H : 14 in  Plan un g/B au

D E: 5  in  Plan un g/B au

C H : 7 in  Plan un g/B au

D E: 6  in  Plan u n g

C H : 7 in  P lan un g/B au C H : 12  in  Plan un g/B au C H :  gew is s e in  "frü her Plan u n g" (= n och 

n ich t b eim  B A FU  an gehö rt)

C H : 1 A RA  in  Plan un g/B au C H : 1 A R A  in  Plan u n g/B au C H : 2  in  P lan un g/B au

2 '800 m 2 3 '000 m 2

W en ig M es s techn ik aber K oh le- H an d lin g 

(Q S , D o s ieru n g, Pro d uktw ahl) aufw en dig, 

m ehr EM T als  V arian te C

K om b in atio n  au s  V arian te  A  un d B

B reitb an d w irku n g (1)

leicht hö h ere Flexibilitä t 

hin s ichtlich u n erw ü n s chter 

Ein leiter

4 '100 m 2 8'3 00 m 2

5 '3 00 m 2  w en ige r Platz bed arf4'5 00 m 2  w en iger Platzb edarf4 '2 00 m 2  w en iger Platzbed arf5 '800 m 2  w en iger Platzb edarf4 '800 m 2  w en iger P latzb edarf5 '5 00 m 2  w en iger Platz bed arf4'900 m 2  w en iger Platzb edarf

Etw as  w en iger 

A ktivkohles ch lu pf erw artet

Etw as  w en iger A ktivkohles ch lu pf 

erw artet

Etw as  w e n iger A ktivko hles ch lup f 

erw artet

D eutlich w en iger 

A ktivko hles chlup f erw artet

Etw as  gerin gere A bhä n gigkeit 

vo n  Lieferan ten

Etw as  gerin gere A b hä n gigkeit 

vo n  L ieferan ten

G e rin gere A bhä n gigkeit vo n  

L iefern ten

G erin gere A b hä n gigkeit von  

Lieferan ten

G erin gere A bhä n gigkeit vo n  

L ieferan ten

D eu tlich gerin gere A bhä n gigkeit 

vo n  L ieferan ten

Etw as  m ehr 

Reaktio n s m ö glichkeiten  

vorh an d en  in  B ezug auf 

Sto s s belas tun gen

Etw as  m ehr 

Reaktio n s m ö glichkeiten  

vo rhan d en  in  B ezug auf 

S to s s belas tu n gen

M ehr Reaktio n s m ö glichkeiten  

v orhan den  in  B ezu g au f 
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B reitb an d w irkun g vs . kein e 
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COMPARISON DATA ANALYSIS AND FINDINGS 

USES AND RECOMMENDATIONS 

Most of the respondents (61 %) used just one tool (see Table 1); a smaller number (26 %) 

used two, and even fewer used multiple tools. Overall, the spreadsheet was most 

frequently used (38 %) for the CBA Tabular method, followed by analog and the digital 

whiteboard. CBA-specific software was rarely used, so a clear conclusion cannot be 

drawn. Therefore, it is not surprising that the spreadsheet was recommended most 

frequently (52 %) (see Figure 7). Furthermore, it seems like fewer are likely to 

recommend the digital whiteboard as 27 % have tried it but only 19 % would recommend 

it. However, when an analog process is not possible due to remote working, a digital 

solution such as the digital whiteboard should be considered since it comes closest to the 

analog process. The preference regarding the spreadsheet can also be explained by the 

fact that it is a tool that people are familiar with, while the digital whiteboard is still a 

novel technology for many in the construction industry. PowerPoint was added as an 

experience by one respondent, but it wasn’t recommended or named by other respondents. 

Thus, PowerPoint does not seem to be a preferred option and will not be further 

considered. 

Table 1: Decision categories in which CBA Tabular was used (Abbreviation used in the 

table: P = Participant, M = Moderator, A = Analog, S = Spreadsheet, DW = Digital 

Whiteboard, SW = Software, PP = PowerPoint)  

 

Stakeholder/ 

Team member
Building Design

Building 

System
Materials

Formwork & 

scaffolding
Software A S DW SW PP Recommendation

1 P x x S

2 P x x DW

3 M x x x S

4 M x x x x x S

5 P x x x A

6 Both x x x x x x x x S

7 M x x x S

8 M x x x x x A

9 P x x S

10 M x x x S

11 P x x S

12 M x x x x x A

13 M x x S

14 M x x A

15 M x x x x x DW

16 M x x x x A

17 P x x x DW

18 P x x x S, can see DW

19 P x x DW

20 P x x x x x x DW

21 P x x S

22 P x x S

23 M x x SW

8 11 11 7 1 1 9 14 10 3 1

Decision categories in which CBA Tabular was used Experienced tools

Role#
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Figure 7: Tools used (left) and tools recommended (right) 

INDICATION BASED ON FOCUS 
Table 2 shows respondent feedback regarding their recommendations. Reducing the 

answers to the core of their statements gives an interesting overview of the focus of the 

respondents. It indicates that people prefer the spreadsheet focusing on this relatively easy 

and familiar process, whereas people recommending the digital whiteboard focused on 

the dynamics of the process with the flexibility and visualization of information to easily 

achieve a common understanding. People preferring the analog tool concentrated more 

on the social process within the group. For them, driving collaboration through interaction 

was key. It should be noted that most of the respondents experiencing the digital 

whiteboard did not experience the analog implementation. One respondent recommended 

the software, because of its automation. Based on the engineering and technical mindset 

of the construction industry, it is understandable that the spreadsheet is preferred, and that 

there is interest in using software. Nevertheless, it shows us that we need to educate 

people to focus on the social process that every group decision contains to overcome 

phenomena such as groupthink (Schöttle et al., 2019). Some of the respondents gave clear 

feedback and expressed the importance of interaction during the decision-making 

process. This could be an indicator that each group might make a different decision with 

the same data simply based on the medium. Thus, the analog way should be considered 

when the team members are new to each other, and the Tabular method is being used for 

the first time. This will also facilitate team building.  

IDENTIFIED FACTORS 

Based on the responses to the following three questions: 

● Which attributes should a tool have to make the use of the CBA Tabular method 

as easy as possible for the team? 

● Why do you recommend this tool? 

● How did the tool/tools help with team collaboration? 

17 factors were identified that can be considered when selecting a medium for the 

decision-making process. Figure 8 gives an overview of these factors based on how many 

respondents the factor named. This gives insights regarding their priorities in general. The 

most frequently identified factors were flexibility (43 %), visualization (39 %), and ease 

of use (39 %), followed by documentation (35 %). 

Analogue

24%

Spreadsheet

38%

Digital 

Whiteboard
27%

Software

8%

PowerPoint

3%

Analogue

24%

Spreadsheet

52%

Digital 

Whiteboard
19%

Software

5%
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Table 2: Focus behind the recommendation  

Tool Reason given for recommendation Wording Focus 

Spread-
sheet 

● It's familiar and it works for sharing 
● Automatic calculation, but flexible enough to 

jump around. 
● Simple, easy to adjust and customize. 
● Worked well for us. 
● A spreadsheet is easy to use, and it can be 

formatted as needed for visual sharing (on a 
screen, a PDF, or on paper). 

● Thorough and effective. 

Familiar, 
Sharing, 
Simple, 
Easy, 

Adjustable, 
Effective 

Systematic 
framework 

of the 
process 

Analog 

● All participants are seeing the big picture and 
have the opportunity to make a change. A 
digital whiteboard is a good idea for non-
collocated decision makers. 

● Easy to use, facilitates team participation 
and collaboration 

● Because it allows a more direct interaction 
(face-to-face) between the people who 
participate in the decision, it also strengthens 
the feeling of commitment to the decision 
made. 

Big picture, 
Collaboration, 

Direct 
Interaction, 

Commitment, 
Easy 

Social 
process 

Digital 
Whiteboard 

● Easy to use. Editable. Great possibilities for 
visualization.  

● It is visual and collaborative and works within 
the constraints of hybrid or full virtual 
[workplaces].  

● High flexibility, interactive, easy to work with, 
team has full access anytime. 

● It gives the most freedom while still providing 
a framework to work within 

Flexibility, 
Visualization, 
Interactive, 
Discussion, 

Easy 

Dynamic of 
process 

Software ● Automates the process Automation 
Automation 
of process 

 
Figure 8: Identified factors (Based on % of respondents’ input) 
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DISCUSSION 

The medium used to implement the CBA Tabular method can have an impact on the team 

dynamic and understanding. It is therefore important to understand the specific context 

and the needs of the project team to better align on a decision. As most respondents had 

only experienced one tool to support the CBA this paper could serve as inspiration for 

future decision processes. To better select between the four alternatives, the following 

criteria (Table 3), can be defined using the identified factors. If a project team needs to 

decide which medium is best to use on a given project, the criteria pool can be used to 

quickly decide.  

Table 3: Factors and criteria to choose the tool/media 

Factors Criteria 

accessibility Easier accessibility is better. 

automation Greater automation is better. 

documentation Clearer documentation is better. 

drives collaboration The more it drives collaboration, the better. 

drives conversation The more it drives an open conversation, the better. 

easy to share The easier it is to share, the better. 

easy to use / simple The easier it is in use, the better. 

effective The more effective it is, the better. 

flexibility / editability / freedom Higher flexibility/editability is better. 

interactive The more it is interactive, the better. 

provides overview The better it provides an overview, the better. 

strengthen the feeling of 
commitment 

The more it helps strengthen the feeling of commitment, 
the better. 

systematic / framework Higher systematic framework is better. 

thorough The more thorough, the better 

traceability of the IofA Easier traceability of the IofA is better. 

traceability of changes / version 
control 

Easier traceability of changes (version control) is better. 

visualization Greater visualization is better. 

CONCLUSIONS 
In this paper we have assessed the use of media or tools to support the CBA Tabular 

method. Four different tools were assessed: (1) analog, (2) spreadsheet, (3) digital 

whiteboard, and (4) CBA-specific software. This is not an extensive list, but it includes 

the most used. Four case studies are presented to exemplify the use of each tool and its 

advantages. Then, based on 23 international survey respondents, the use of the tools was 

analyzed in terms of what mattered for the participants. It became clear that most had 

experience with only one tool. It was also clear that no one solution was considered 

perfect in all cases. From the survey, 17 factors and criteria can be considered when 

making the decision of selecting a CBA tool. However, not all factors will be relevant for 

all contexts. Therefore, this paper offers a list of factors, criteria, and attributes to consider 
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when selecting a tool for a decision process in its specific context. One important element 

in evaluating tools is whether the team can meet face-to-face or if the team must meet in 

a hybrid or remote environment. Thus, this paper presents a summary of tools that were 

used to facilitate and document CBA internationally and is a good starting point to decide 

which tool would be best for a team by using the identified factors and criteria. The 

authors caution readers to focus on preparation in advance to teach CBA concepts and 

allow time for practice, as well as choosing a facilitation and documentation tool. 
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