
COSTandVALUE - APRIL 201616

Figure 1– Capital cost estimate. 
Figure  2 –  Estimate probability. 

distribution curve

It is important to realize that an estimate is never a single num-
ber, but it comes with a margin of uncertainty or accuracy. Not 
seldom are cost estimate numbers treated as firm numbers, while 
people forget the underlying risks and uncertainties and the re-
sulting accuracy of the numbers.
Each estimate class and its purpose will be explained in more 
detail. 

Class 5: Screening estimate
The purpose of a screening estimate, also called a subjective esti-
mate (Lester, 2014), is often to provide a ball-park figure or order 
of magnitude number being used for strategic business planning, 
such as ranking of future investments. It enables management to 
prioritize projects by comparing, amongst other drivers, the eco-
nomics of each individual project. A screening estimate is usually 
compiled even before project initiation, or during the first project 
development phase. The level of project definition and specific 
project deliverables are limited at this stage, hence the wide ac-
curacy range. Normally a screening estimate can be delivered re-
latively fast and does not require much effort to deliver.

Class 4: Concept Study estimate
The purpose of a concept study estimate can be to determine 
project feasibility, evaluate different project concepts, or to pro-
vide a preliminary budget. At this stage the project premises (e.g. 
objectives, key assumptions, technical premises, etc) are frozen, 
concepts have been developed and the first engineering might 
have been completed to determine the technical design basis. For 
complex projects it is also common to assess the feasibility of 
multiple options, supported by multiple cost estimates to enable 
management to compare the concepts and select the most attrac-
tive one. Also a preliminary budget might be required to move to 
the next project phase.
Since a class 4 estimate is still based on limited information, it 

has a fairly wide accuracy range and it requires limited time and 
effort to deliver it.

Class 3: Budget estimate
The purpose of a budget estimate can be to support budget aut-
horization and/or project sanctioning. The estimate is based on 
typical project deliverables like front-end engineering documen-
tation, a detailed project execution plan and a minimum percen-
tage of firm quotes from vendors and service companies. The es-
timate has a better accuracy range and can even become the first 
control estimate against which cost performance of a project is 
being monitored. 

Class 2: Control estimate
A control estimate, also called an analytical estimate, provides 
the baseline for detailed cost control during project implementa-
tion. It can also serve as a tender or bid estimate, used to deter-
mine contract value. It is the most detailed estimate typically in 
place at the start of construction and requires rigorous manage-
ment of change to monitor variations to the budget.

Class 1: Check or Tender estimate
Class 1 estimates are generally prepared for discrete parts of the 
total project rather than for the entire project. The parts of the 
project estimated at this level of detail will typically be used by 
(sub)contractors for bids, or by owners for check estimates (bid 
checks, claims, change orders, etc). In case of project changes, it 
can also be used to update the control estimate and to establish 
a new baseline for cost control.

Cost estimate basis and elements
The basis of an estimate is often described in a Basis Of Estimate 
document, stating the purpose of the estimate, project scope, 
pricing basis, allowances, assumptions, exclusions, cost risk and 
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opportunities. It documents the communication and agreements 
that have been made between the estimator and other project 
stakeholders about the cost estimate basis (AACE, 2013). 
Building up the estimate requires input from the entire project 
team and even from outside the project team. All disciplines are 
involved in defining the scope of work and the cost estimator 
needs to interface with all of them to get a good understanding 
of the project. In practice it still happens too often that an es-
timator develops the estimate in isolation, without pro-actively 
interfacing with the appropriate stakeholders. This can lead to an 
incomplete or misunderstood basis of estimate, and ultimately in 
unpleasant surprises when an estimate is being released.  
The next paragraphs explains how an estimate can be structured 
and which cost elements are typically included.

Work Breakdown Structure (WBS)
As explained in the previous article, a WBS defines the hierarchi-
cal decomposition of tasks and subtasks. A high level WBS will 
be produced at the very beginning of a project and will become 
more detailed as the project matures. The objective of defining 
a WBS is to be able to control the project by allocating resour-
ces (human, material and financial) and give time constraints to 
each (sub)task (Lester, 2014). So a WBS provides the structure 
for both cost allocation and scheduling.
Once a WBS has been drawn up, a bottom-up estimate can be 
produced by costing the individual work packages at the lowest 
level and adding them up at the levels above. The result is a Cost 
Breakdown Structure (CBS). Similarly cost can be allocated top-
down, starting at the top level of the WBS. In practice both ways 
are being applied, also depending on the purpose of the estimate 
and required accuracy.
Next each individual element of a cost estimate will be explained.

Base estimate
A base estimate, also called point estimate, is typically build up 
from the activities and deliverables identified in the Work Break-
down Structure (WBS).
The base estimate can be defined as an estimate including al-
lowances, but excluding escalation, foreign currency exchange, 
contingency and management reserves (AACE, 2014).
A simple break down is shown in figure 1.

The base estimate consists of many different cost elements, de-
pending on the scope of work and type of project. It includes 
all equipment, materials and labor required to execute the scope 
of work, also considering the execution approach and schedu-
le. Cost elements to be considered can be split up in direct and  
indirect cost (Burke, 2003):
Direct cost. These are costs that can be directly allocated to a 
specific scope of work or an activity. For example:
– Equipment and material cost
– Direct labor cost, like scaffolding, welders, fitters etc.
– Direct expenses, such as 3rd party services or  

sub-contractor fees.
– Cost of project management team, although sometimes treated 

as indirect cost, if not possible to allocate to specific scope or 
activities
Indirect cost or overhead cost. These are costs not directly 
attributable to the completion of an activity, which are typically 
allocated or spread across all activities on a predetermined basis 
(AACE, 2014). For example:
– Field in-directs during construction, such as field administra-

tion, supervision, capital tools, startup costs, etc.
– Company overhead cost, like senior management, IT, human 

resource department, finance, etc.
– Training cost, depreciation, insurance, taxes… etc.

The cost elements may be estimated using different estimating 
techniques depending on the level of scope definition and the 
size and complexity of the project.

Allowances
As part of the base estimate and on top of the direct and indirect 
cost, allowances can be added to cover lack of scope detail or 
the ‘known unknowns’. Below are some examples listed that are 
typically included in estimates as allowances:
- Design allowances for engineered equipment
- Material Take Off allowances, to cover differences between 
  calculated and actual quantities
- Material inefficiencies, cutting and waste allowance
- Rework
- Non-productive construction time (poor productivity)
- Weather conditions.

Contingency
Contingency is added to the cost estimate to cover the uncer-
tainty and variability associated with a cost estimate, and unfore-
seeable elements of cost within the defined project scope (AACE, 
2013). Contingency covers inadequacies in project scope defini-
tion, estimating methods, and estimating data. The amount of 
contingency included in the estimate should be determined, as 
well as the method used to derive the appropriate amount. 
Contingency is typically estimated using statistical analysis or 
judgment based on past asset or project experience. Contingency 
usually excludes:
- Major scope changes such as changes in end product 
  specification, capacities, building sizes, and location 
- Unforeseen major events such as earthquakes, labor 
  strikes, bankruptcy of suppliers, etc. 
- Management reserves (additional budget to be allocated at 
  management’s discretion).
A common pitfall is to use contingency to cover significant scope 
changes, resulting in insufficient contingency to cover remaining 
project risks.

The amount of contingency to add to the base estimate is usually 
related to the required confidence level of an estimate. Manage-
ment can for example determine a certain confidence level re-
quired to fund a project or to prepare a bid. Most cost estimates 
have a P50 confidence level, which means that the amount of 
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contingency added to the base estimate results in a 50/50 chance 
to either overrun or underrun the budget.

In case a probabilistic risk analysis technique is applied to 
the base cost, the probability of achieving a certain point esti-
mate can be determined. A Monte Carlo simulation is the most  
commonly applied technique to analyze the impact of risks and 
uncertainties on project cost and schedule, as also explained  
in the previous article. The simulation not only calculates the 
probability of achieving a cost estimate, but it also calculates the 
associated required amount of contingency. It therefore uses a 
cost estimate without any contingency as a starting point for the 
simulation (AACE, 2011).
Normally only the high risks are used for the simulation. Each 
risk is quantified by determining its likelihood of occurring and 
potential cost impact.
Next a Monte Carlo simulation will generate a great number of 
iterations, combining many different cost impacts depending  
on their likelihood of occurring. This results in a probability  
distribution curve, or s-curve. For each estimate number the  
associated confidence level can be derived from the probability 
distribution curve, as shown in figure 2.

The distribution curve shows that there is a probability of 30% to 
achieve the base estimate (X). By adding contingency C1 to the 
base estimate, the confidence level of the estimate (Y) increases 
to 50%, also called the P50 estimate. By adding even more con-
tingency to the base estimate, for example C2, the confidence le-
vel increases to 80%, also called a P80 estimate. Sometimes part 
of the contingency is allocated as a management reserve which 
is not freely available to the project team, but will be allocated 
by management. 

Escalation
Escalation is a provision in costs or prices for uncertain changes 

in technical, economic, and market conditions over time (AACE, 
2014). It is important to consider this ‘time value of money’, 
since it can have an impact on purchasing power and earning 
potential. The two main components of escalation are inflation 
(or deflation) and market factors. Inflation is the rate at which 
the general level of prices for goods and services is rising over 
a certain period of time in an economy. It reflects the future  
value of money. Market factors reflect future market develop-
ments that, for example, can influence equipment and mate-
rial prices. Now that the estimate classes, structure and main  
elements have been defined, the most common cost estimating 
methodologies are described.

Cost estimating methodologies
Selecting the appropriate cost estimating methodology starts 
with determining the required level of accuracy of the estimate. 
This depends on the purpose of the estimate in a specific pro-
ject phase and the available level of project definition. In this  
paragraph four common cost estimating methodologies are 
described. Depending on the available project definition these 
methodologies are using a stochastic or deterministic approach 
(AACE, 2011).
Stochastic methods are often applied during the early project  
development phases, making use of estimating factors, metrics 
and models. For example, multiplying a (statistical) factor with 
equipment cost to calculate the total installed cost of a specific 
piece of equipment. It can be used for class 3 to 5 estimates,  
ranging from screening to budget estimates.
Deterministic methods are usually applied at a later stage when 
more scope detail is available (control or tender estimates). In 
practice it is possible to end up with a mix of these estimating 
methodologies in the same estimate, depending on the level of 
detail available for specific parts of the scope.
Four commonly applied estimating methodologies are shortly  
explained (Lester, 2014) (Burke, 2003).
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Figure 3 – Estimate accuracy 

development. 
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Subjective
This methodology, sometimes called ‘guestimating’, is applied to 
provide a ‘ballpark figure’ at the early stages of a project. As there 
is no detailed information available yet, the accuracy of the esti-
mate strongly depends on the estimator’s experience of similar 
projects. 
As an example a ‘Lang Factor’ can be applied, being the ratio of 
the total cost of installation, or Total Installed Cost, to the cost 
of its major technical components. This factor is widely used in 
the process industry to help estimate the cost of new facilities. A 
typical Lang Factor for a new chemical unit would be in the range 
of 3.0 to 5.0. This means that the sum of all major equipment 
multiplied by a factor 3.0 to 5.0 gives a rough estimate of the 
total installed cost of the plant, including equipment, materials, 
construction, and engineering. 

Analogous
The analogous method, or comparative method, is using similar 
past projects to estimate the cost of a new project. It is applied 
when there is not sufficient data available to generate a detailed 
estimate yet, but sufficient technical definition to make adjust-
ments of estimates made for similar projects. It is preferred to 
use quantifiable changes and apply factors to make the estimate 
adjustments, for example using scaling factors.

Parametric
Parametric estimating, also called factoring or component ratio 
method, is a technique that develops cost estimates based upon 
the examination and validation of the relationships between a 
project’s technical, programmatic, and cost characteristics as 
well as the resources consumed during its development, manu-
facture, maintenance, and/or modification (ISPA, 2008). These 
relationships are called Cost Estimating Relationships (CER’s). 
Parametric models range from simple to very complex, depen-
ding on the number of CER’s and the complexity of the used al-
gorithms. 
The CER’s can be based upon many different parameters like 
functional design parameters, quantities of equipment, hardware 
sizes and weight or operational environment, for example ons-
hore versus offshore.

Analytical
The analytical method, also called detailed or engineering build-
up method, is typically applied to generate the control estimate 
or a ‘bid’ estimate required by a contractor before submitting a 
bid. It is the most accurate, deterministic estimating method, and 
it requires the project to be broken down to the lowest WBS level. 
For each individual component the material and labor cost are 
then estimated and the sum of all pieces, including overhead, 
becomes the project estimate. The analytical method can be time 
consuming and requires close cooperation between the cost esti-
mator and the engineers that have developed all the details, like 
part lists, bill of material etc. 
Figure 3 illustrates the development of the cost estimate accuracy 

and estimating method as the project matures from Front-End-
Loading (FEL) to Execution. It also shows that the Subjective and 
Analogous methodologies are typically applied in the early pro-
ject phases, while the Parametric and Analytical methodologies 
are used when there is a better project definition.

Fit for purpose approach
Fit for purpose project controls means applying the right level of 
cost and schedule control for a project in each lifecycle phase. 
For large projects this can even be different for each major WBS 
element. The level of control depends on the scope of work, asso-
ciated risk, complexity and also the contracting strategy. Building 
a multi-billion dollar chemical plant under a joint venture with a 
consortium of international contractors requires a different level 
of control than building a small size pedestrian bridge by a local 
contractor.

Depending on the project phase and the level of project defini-
tion, the completeness and accuracy of the estimates varies. So-
metimes stakeholders are asking for a very accurate estimate in 
the early development phases of a project, while the required 
level of project definition is not available yet. This can result in an 
extensive exercise, and expenditure, to obtain the necessary de-
tail required to establish the desired level of accuracy. The issue 
with producing very accurate estimates too early, lies in making 
too many assumptions and trying to get reliable cost data while 
there are still a lot of unknowns and uncertainties. A famous one 
liner applies here: “it is better to be roughly right, than precisely 
wrong”. So unless there is a clear need for an accurate (determi-
nistic) estimate early in the development, likely related to risk, 
stakeholders should really focus on the objective of an estimate 
and which decisions it should support. 
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Introduction
Over the last two decades, project practitioners have increasin-
gly recognized the importance of owner-contractor collaborative 
relationships in ensuring the successful execution of projects. 
The efficacy of owner-contractor collaborative relationship on 
project performance is not a myth as a large body of research has 
provided unequivocal empirical evidence. Many scholars have 
studied the practice of collaborative relationship under various 
terms, e.g. ‘relational capability’, ‘collaborative working relation-
ship’, and ‘relationship management’. Through a series of studies 
(Suprapto et al., 2015a; Suprapto et al., 2015b; Suprapto et al., 
2015c), it was confirmed that the efficacy of owner-contractor 
collaboration depends on the extent of both parties’ ability at 
inter-organizational level to establish relational attitudes toward 
collaboration (joint commitment, mutual trust, and relational 
norms). Moreover, the results also suggest that the ability to 
perform better in projects is mediated by teamworking quality 
consisting of five task-related (communication, coordination, ba-
lance contribution, aligned effort, and mutual support) and two 
behavior-related (cohesion and affective trust) interactional me-
chanisms between the owner’s team and the contractor’s team.

However, how to sustain and consistently drive the real colla-
borative attitudes and behavior for achieving the desired out-
comes remains of enduring practical difficulty. This is because 
a collaborative relationship (including various prescriptions like 
integrated project team, partnering, and alliance) requires that 
the people at senior management and project team level of both 

parties possess different attitudes and behavior than those in 
traditional arm’s length relationships. It is also important to re-
cognize the dynamic nature of collaborative relationship over the 
project life cycle. As Hartmann and Bresnen (2011) emphasize 
that collaborative working is a fluid concept which emerges from 
individual and organizational interactions. They suggest that the 
practitioners need to abandon their ‘old routines and behavior’ 
(unlearning) besides ‘learning new knowledge and adjusting to 
working processes’ (p.12). These learning and unlearning pro-
cesses are best understood through the practitioners’ reflection 
process. Practitioners deal with situations of uncertainty, instabi-
lity, exceptionality, and value conflict through reflection-in-action 
(Schön, 1983). Reflection therefore gives the practitioners ability 
to recognize the state and source of problems thus help the prac-
titioners in finding the way to improve their working relations-
hip. This implies the need for a means of assessing how well the 
owner and contractor and the teams are working together and 
how this changes over time.

This article presents RElational CAPability assessment tool (RE-
CAP) for the project practitioners to identify and improve key 
specific aspects of their collaboration, so that together they can 
formulate specific interventions, in a constructive way to impro-
ve the ongoing (and potentially future) relationship. The RECAP 
stems from the earlier performed studies, i.e.: the practitioners’ 
perspectives on the essence of project-based collaboration repor-
ted in Suprapto et al. (2015a); and the empirical testing of the 
predictive model reported in Suprapto et al. (2015b; 2015c). 

The aim of this article is twofold: to present and to demonstrate 
the validity of RECAP for project practitioners in real-life pro-
jects. The rest of this article is structured as follows. First, RECAP 
is presented. Next, the validation results by means of pilot ap-
plications are presented. Finally, the overall validity and future 
applications of RECAP is discussed and concluded.

Relational capability assessment tool (RECAP)
RECAP was derived from a series of studies aiming to identify 
ways to improve owner-contractor collaboration in projects. A 
review of relevant literature identified six general relationship 
factors: relational attitudes, teamworking, team integration, 
joint working procedures, owner-contractor capability, and con-
tract functions (Suprapto et al., 2012). Later, in Suprapto et al. 
(2015a), it was shown that five of the six general factors (exclu-

ASSESSING RELATIONAL 
CAPABILITY IN PROJECTS

Samenvatting
Een samenwerkingsverband is cruciaal om de succesvolle 
uitvoering van projecten te waarborgen. Echter, een echte 
collaboratieve houding en gedrag blijkt in de praktijk heel 
moeilijk. Dit artikel presenteert de RELationele CAPability 
assessment tool (RECAP), die de relationele aspecten en de 
prestaties binnen de samenwerking eigenaar-aannemer in 
projecten helpt te beoordelen. Het omvat de vier belang-
rijkste factoren en twee prestatiecriteria op het gebied van 
samenwerking, die theoretisch en empirisch ontwikkeld zijn 
in een aantal studies. Alle factoren en criteria zijn bijeen 
gebracht in een assessment tool. Hiermee is het voor pro-
jectbeoefenaars mogelijk met een eenvoudig en praktisch 
hulpmiddel specifieke aspecten van de samenwerking te 
identificeren, te verzamelen en te analyseren met het  
doel om  verbetering tot stand te brengen. 
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ding contract functions) were perceived by 30 project practitio-
ners as salient factors for improving owner-contractor collabo-
rative relationships. In the survey study (Suprapto et al., 2015b; 
2015c), the general factors were categorized into: i) relational 
attitudes which include senior management commitment and 
relational norms; ii) collaborative practices which include team 
integration and joint working procedures; iii) teamworking qua-
lity which consists of inter-team communication, coordination, 
balanced contribution, aligned effort, mutual support, cohesion, 
and affective trust; iv) front-end definition; and v) joint teams 
capabilities which consist of owner’s team capability and con-
tractor’s team capability. The statistical analysis of a sample of 
113 responses provided empirical support for teamworking qua-
lity and front-end definition as direct predictors to project per-
formance. The other factors, relational attitudes, collaborative 
practices, and teams’ capabilities were found to be the indirect 
predictors to project performance through teamworking quality.

Because the purpose of RECAP is to measure relational capabi-
lity in owner-contractor collaborative relationship and not on 
the ‘individual capability’ of each party, the teams’ capabilities is 
excluded in the assessment. The criteria included in RECAP are 
therefore categorized into 4 relational capability criteria: relatio-
nal attitudes, and teamworking quality, good collaborative prac-
tices, and front-end definition; and 2 performance criteria: pro-
ject performance and relationship continuity. All criteria are not 
assessed directly but broken down into sub-criteria (except for 
the front-end definition and relationship continuity) which are 
then assessed through 2 to 6 indicators. Overall, RECAP consists 
of 17 sub-criteria (13 relational sub-criteria and 4 performance 
sub-criteria) and 72 indicators. All criteria, sub-criteria, and cor-
responding definitions are listed in table 1.

Pilot applications of RECAP
Three different projects with different project phases and perfor-
mance levels were used to demonstrate RECAP:

– Project Alpha is a new product development project of a high-
tech company (Owner A). The project took more than 3 years 
with around 700 FTE. The market in which the Owner A is ope-
rating is characterized by low volume and high value with high 
product complexity and time pressure. For the development of 
a new product, the owner outsourced one major part to an en-
gineering and manufacturing company (Contractor A). At the 
time of the interviews, the project was almost completed. Des-
pite the fact that the project was their first experience together, 
both parties indicated that they have worked collaboratively 
and have delivered satisfactory results.

– Project Beta is a construction project of a new production unit 
within an existing oil refinery. The owner (Owner B) is an oil 
refinery subsidiary of an international oil company in Western 
Europe and the contractor (Contractor B) is an international 
engineering and construction company. The project faced se-
veral scope changes and had the project managers from both 

sides replaced during the early execution phase. The project 
was completed in 2012, one year behind schedule, and excee-
ding the agreed budget by 24%. The facility constructed was 
eventually delivered within acceptable quality.

– Project Charlie is a construction project of new refinery faci-
lities. The owner (Owner C) is a subsidiary of a different in-
ternational oil company in Western Europe and the contractor 
(Contractor C) is a different international engineering and con-
struction company. At the time of interviews, the project was 
in the front-end engineering and design (FEED) phase so the 
project outcomes are still unknown.

By doing so, the applicability and the usefulness of RECAP can 
be tested under different situations. For each project, two parti-
cipants (project managers or equivalent), each representing the 
owner or the contractor were interviewed. During an interview, 
the participant was handed the assessment form and asked to 
assess his/ her current project by assigning an appropriate rating 
score from 1 to 5 (very poor – poor – moderate – good – very 
good) for all 72 indicators. After completing the assessment, 
the data was immediately entered into a spreadsheet template 
producing a number of graphs, score levels per sub-criteria and 
criteria. The score for each sub-criterion was calculated by avera-
ging the scores of its indicators. Then, the score for each criterion 
was calculated by averaging the scores of its sub-criteria. After 
reviewing the assessment results, the participant was then asked 
to provide comments and suggestions regarding: the practicality 
of RECAP, the usefulness of the assessment result for managerial 
actions or interventions and suggestions for further improve-
ment of RECAP. 

Assessment results: Project Beta
For illustrative purpose, only the assessment results of one pro-
ject (Project Beta) are presented here. The score levels by criteria 
and sub-criteria from Owner B and Contractor B were compared 
side-by-side including the score gaps. It provides an overview of 
the levels of the collaboration by criteria and sub-criteria in the 
eyes of both sides. 

The assessment scores by criteria shown in figure 1 indicate that 
Contractor B rated almost all criteria rather lower than Owner 
B (except for the perceived relationship continuity). In general, 
both Owner B and Contractor B perceived the overall level of the 
collaboration in this project unsatisfactory as the score levels for 
all criteria are ranging from 2.7 to 3.7. Also shown in figure 1, 
both parties’ perceptions were quite in line with respect to all 
criteria with the score gaps between the parties relatively low 
from 0.1 to 0.5 points.

In contrast to the scores by criteria, the score levels and gaps 
by sub-criteria shown in Figure 2 indicate more variability over 
various sub-criteria. The scores per sub-criterion under relational 
attitudes suggest that both Owner B and Contractor B perceived 
moderate level of senior management commitment (3.4 and 4.0), 
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trust (3.3 and 2.8), and relational norms (3.6 and 3.0). 
This gives more insight in the details of specific misa-
lignment in the working relationship at senior manage-
ment level. The same situation also stands out from 
teamworking quality where the gaps were respectively 
0.5, 0.7, and 1.7 points for team cohesion, balanced 
contribution, and team coordination. Obviously team 
coordination was the most problematic one as Contrac-
tor B rated it poor (2.0) while Owner B considered it 
almost good (3.7).

In terms of project performance, the scores per sub-
criterion varied considerably. Both sides perceived the 
quality of the final product quite differently, as Owner 
B rated it at moderate level (3.3) while Contractor B 
considered a good level of quality (4.0). Both Owner 
B and Contractor B perceived the project was poorly 
performed (2.0 and 1.5) in terms of efficiency (sche-
dule and cost performance). Eventually, Owner B was 
moderately satisfied (3.3) but not so the Contractor 
B (2.5). Clearly, there are considerable differences 
between the two as the scores gaps were 0.5, 0.8, and 
0.8 points for efficiency, quality, and satisfaction.
In summary, the above assessment results indicate the 

Table 1 - Criteria and sub-criteria of the relational capability assessment tool (RECAP).

Figure 1 – Project Beta’s score levels by criteria. 
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usefulness of the RECAP in a problematic project. The analyses 
are not only able to gauge the collaboration levels between Ow-
ner B and Contractor B in Project Beta but also most importantly 
can provide details about specific aspects for potential impro-
vement, notably on relational norms, senior management trust, 
team coordination, team balanced contribution, and project ef-
ficiency. 

Comparing the RECAP assessment results
Along with its anticipated results, the participating practitioners 
discerned benchmarking as one important value of RECAP. Tre-
ating the responses from the participating practitioners as new 
data points, the three projects can be compared against each 
other and with those of the survey data from Suprapto et al. 
(2015b; 2015c). 

Comparing three projects with survey data as reference figure 
3 shows the score ratios for Project Alpha, Beta, and Charlie on 
four relational capability criteria and two performance criteria. A 
score ratio is calculated by dividing the corresponding score level 
by the average score of 119 responses (obtained from 6 pilot par-
ticipants and 113 survey respondents reported in Suprapto et al. 
(2015b; 2015c). A score ratio of 1.0 serves as the reference point 
or equal to the average of all 119 responses. A score ratio above 
or below 1.0 means the corresponding score level is better or 
worse than the average. As indication to what the extent one pro-
ject/ response is better or worse than the others, two lines +/- 1 
SD (one standard deviation) can be used as arbitrary thresholds.

Of the three projects, Project Charlie can be considered the most 
collaborative as well as the top performer at the phase where it 
presently is. Compared to the average of 119 responses, both Ow-

ner C and Contractor C perceived most criteria very high, above 1 
SD of the average. The only exceptions are for collaborative prac-
tice and relationship continuity as perceived by Owner C but they 
remain above the average. Project Alpha is the second most colla-
borative performer, as both Owner A and Contractor A perceived 
all criteria above the average. Finally, Project Beta is the least 
collaborative performer. Despite the fact that the collaboration in 
Project Beta was not extremely below the -1 SD from the average, 
either Owner B or Contractor B perceived the performance and  
relationship continuity quite badly, near and below the -1 SD re-
lative to the average.

Figure 3 indicates the consistency of RECAP in the three pro-
jects compared with the survey results reported in Suprapto et 
al. (2015b; 2015c). The score ratios of four relational criteria  
— front-end definition, collaborative practices, relational atti-
tudes, and teamworking quality — for Project Alpha (Owner A 
and Contractor A) and Project Charlie (Owner C and Contractor 
C) were generally above the average of 119 responses. The cor-
responding score ratios of project performance and relationship 
continuity are also above the average. On the other hand, the 
score ratios of relational criteria for Project Beta (Owner B and 
Contractor B) were mainly below the average and so does the 
score ratios of project performance and relationship continuity. 

The validity of RECAP
The practical use of RECAP in various project phases and outco-
mes was demonstrated through pilot applications in three pro-
jects. The results suggest that RECAP can be understood and used 
by the participating practitioners. The score levels captured the 
owner’s and the contractor’s perception regarding their relati-
onal capability and performance. The score gaps between ow-

Figure 2 – Project Beta’s score levels and gaps by sub-criteria. 
Figure 3 – Comparing three projects 

with survey data as reference. 
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ner and contractor assessment give a detailed idea which criteria 
and sub-criteria are in need of improvement and according to 
whom. It is important to note here that RECAP is not an objective 
measure of individual organizational or team performance but 
rather a deliberate proactive management instrument focused on 
measuring the inter-organizational and inter-team interactions 
embedded in a project. The score gaps by criteria or sub-criteria 
should not be interpreted as the differences between two parties 
in achieving the degree of collaboration individually but as the 
perceived differences of similar phenomena. 

The feedbacks from the six participants indicate RECAP as a use-
ful tool to facilitate a joint reflection involving the two parties 
in various project phases. Even during the front-end engineering 
and design (FEED) phase of a project (as indicated through Pro-
ject Charlie), the project managers of both parties can already 
sit together and assess the relationship health of the project. A 
joint session can be used to present the assessment results and 
encourage a discussion to reflect on specific aspects of the wor-
king relationship where different parties or actors have divergent 
perceptions and meanings. This reflective process can facilitate 
individuals to enrich their interactions and stimulate constructive 
exchange of ideas and knowledge that can be translated into real 
collaborative behavior throughout the different project phases. 
Moreover, as indicated in Project Beta, the practitioners can also 
use RECAP to reflect on lessons learned from a completed project 
to be applied in future relationships and projects. Finally, RECAP 
could become a part of a company’s project management procedu-
res. It can be used to periodically assess the collaboration health 
and performance of the projects portfolio within the company. 

Concluding remark
Collaborative relationship is central in engineering and construc-
tion projects. Although collaborative relationship has been a to-
pical research area in engineering and construction projects, no 
attempt has been reported yet to  develop an assessment tool 
for practical use independent of the formal arrangements. This 
article presents development and validation of relational capa-
bility assessment tool (RECAP). RECAP, in essence, is developed 
through a series of literature and empirical studies. 
 
Through the pilot applications of three projects and interviews 
involving 6 project practitioners, RECAP was validated. It was 
shown that RECAP could be applied by the project practitioners 
to measure what it is supposed to measure: the relational aspects 
of collaboration in real-life projects at different stages. The as-
sessment results, score levels and gaps in responses between the 
owner and the contractor were recognized by the participants as 
useful to discuss specific improvement of their collaboration. In 
addition, positive feedback has been received from all partici-
pants on the practicality and usefulness of RECAP. Not only did 
they perceive RECAP as practical to measure the collaboration 
health but they also foresee its usefulness as instrument to buil-
ding awareness and facilitating constructive discussions for im-
proving ongoing working relationships. 

  The positive feedbacks provided by the participating practitio-
ners in turn supported the stability and robustness of the earlier 
developed framework and rigorously tested empirical model and 
constructs behind RECAP. RECAP could be used for any projects 
with any contracts because the assessment criteria/sub-criteria 
were generic and independent of any prescription models of col-
laboration as long as the senior management and project mana-
gers of both sides are willing to engage in collaborative relation-
ship. With the focus on one-to-one (dyadic) relationship between 
two firms, RECAP could also be applied to assess various relati-
onships such as the relationships between an owner and a main 
contractor/ sub-contractor/ supplier, between a main contractor 
and a sub-contractor/supplier, and joint venture partners.
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Note
The RECAP assessment form and spreadsheet 
template can be downloaded from: 
http://dx.doi.org/10.13140/RG.2.1.1035.2727 

References
– Hartmann, A., Bresnen, M., 2011. The emergence of partnering 
in construction practice: an activity theory perspective.  
Engineering Project Organization Journal 1, 41-52.
– Schön, D.A., 1983. The Reflective Practitioner: How  
rofessionals Think in Action. Basic Books, New York.
– Suprapto, M., Mooi, H.G., Bakker, H.L.M., 2012. How far  
can you go? Exploring long-term contractual relationship in 
engineering project, EURAM 2012 Conference, June 6-8, 2012, 
Rotterdam.
– Suprapto, M., Bakker, H.L.M., Mooi, H.G., Moree, W., 2015a. 
Sorting out the essence of owner-contractor collaboration in  
capital projects delivery. International Journal of Project  
Management 33, 664-683.
– Suprapto, M., Bakker, H.L.M., Mooi, H.G., 2015b. Relational 
factors in owner–contractor collaboration: The mediating role  
of teamworking. International Journal of Project Management 
33, 1347–1363.
– Suprapto, M., Bakker, H.L.M., Mooi, H.G., Hertogh, M.J.C.M., 
2015c. How do contract types and incentives matter to project 
performance? International Journal of Project Management 
http://dx.doi.org/10.1016/j.ijproman.2015.08.003. K

ASSESSING RELATIONAL CAPABILITY IN PROJECTS



COSTandVALUE - APRIL 201625

VALUE ENGINEERING IN DE VLIEGTUIGBOUW

Inleiding
Duurzaamheid speelt een steeds grotere rol in ontwerp- en aan-
bestedingsprocessen. Termen als BREEAM, CO2-prestatieladder, 
DuboCalc, duurzaam inkopen en Green Deals worden steeds be-
kender. Doel van dit artikel is om een inkijk te bieden in een van 
de methodes die in de GWW-sector worden gebruikt om duur-
zaamheid in ontwerp- en aanbestedingsprocessen te objective-
ren. Voor (potentiële) opdrachtgevers biedt dit artikel globale 
handvatten om duurzaamheid vorm te geven in aanbestedingen, 
voor (potentiële) opdrachtnemers geeft het een inkijk in de mo-
gelijkheden die er zijn ten aanzien van duurzaam ontwerpen (om 
gunstiger in te kunnen schrijven), en welke zaken daarbij komen 
kijken.

Waarom duurzaamheid objectiveren?
Veel opdrachtgevers in de publieke sector spreken over duur-
zaam inkopen. Het Rijksbeleid duurzaam inkopen heeft als doel 
om middels het inkoopproces opdrachtnemers aan te zetten tot 
het leveren van duurzamere producten, het gebruiken van duur-
zamere processen en/of het anderszins leveren van (maatschap-
pelijke) meerwaarde. Vanuit deze ambitie speelt duurzaamheid 
steeds vaker een belangrijke rol bij aanbestedingen door publie-
ke partijen. 

Voor private partijen zijn er ook andere redenen om duurzaam-
heid een plaats te geven in projecten en aanbestedingen. Zo kan 
duurzaamheid leiden tot kostenbesparingen (lagere levenscy-
cluskosten, LCC) door bijvoorbeeld een reductie van energie- en 
onderhoudskosten, of willen private partijen vanuit het kader 
van Maatschappelijk Verantwoord Ondernemen (MVO) een bij-
drage leveren aan duurzaamheid. En projectontwikkelaars mer-
ken dat bepaalde partijen bereid zijn om hogere lease- of huur-
prijzen te betalen voor duurzame gebouwen. Duurzaamheid in 
projecten heeft de laatste jaren daarom een vlucht genomen. Veel 
opdrachtgevers zijn bezig met het uitrollen van duurzaamheid-
sambities in projecten, en maken hierbij gebruik van instrumen-
ten om duurzaamheid te objectiveren: dat is immers de enige 
manier om met een minimum aan discussie toch de beste afwe-
ging te kunnen maken.

Duurzaamheid objectiveren
Dat objectiveren van duurzaamheid heeft heel wat voeten in de 
aarde. Langzamerhand is door de jaren heen echter wel con-
sensus ontstaan over hoe dat moet. Duurzaamheid objectiveren 
kan grofweg op twee manieren: met een kwalitatieve of met 

een kwantitatieve beschouwing. Bij kwalitatieve beschouwin-
gen wordt vooral gekeken naar de milieu-impact van projecten 
op basis van vergelijkende vragen, waarbij een score kan wor-
den behaald wanneer aan bepaalde meer of minder gekwanti-
ficeerde criteria wordt voldaan. Voorbeelden van kwalitatieve 
beschouwingen zijn zogenaamde duurzaamheidscertificaten. 
Voorbeelden hiervan zijn BREEAM-NL (voor gebiedsontwikkeling 
en gebouwenmarkt), FSC (hout uit duurzaam beheerde bossen), 
LEED (gebouwenmarkt), Beton Bewust (duurzaam beton) en 
DuboKeur (gebouwen- en GWW-markt). Door te werken met ge-
certificeerde producten kan een project aantoonbaar duurzamer 
worden gerealiseerd met een lagere milieu-impact.

De andere mogelijkheid om duurzaamheid te objectiveren, kwan-
titatieve objectivering, neemt een steeds grotere vlucht en wordt 
snel populairder in tal van markten. Sommige partijen doen dit 
door vooral te beoordelen op de CO2-emissie van projecten, an-
deren kijken breder en beschouwen de complete (bekende) mili-
eu-impact, die bestaat uit tal van factoren zoals bijvoorbeeld het 
gebruik van fossiele grondstoffen, giftigheid voor mens en dier 
en aantasting van de ozonlaag. Vooral deze laatste, bredere kijk 
op de milieu-impact van projecten wordt steeds vaker gebruikt. 
In dat kader valt de term Milieu Kosten Indicator (MKI) regel-
matig. Deze MKI is een weerspiegeling van het bedrag dat maat-
schappelijk verantwoord wordt geacht om uit te geven aan het 
voorkomen van deze emissies. Deze MKI is opgebouwd uit scha-
duwprijzen, die per milieueffect zijn bepaald. De in Nederland in 
gebruik zijnde schaduwprijzen en de milieueffectcategorieën zijn 
weergegeven in Tabel 11,2.

 

IR. P.M. (PIETER) BOON
ADVISEUR BIJ MOVARES 
NEDERLAND B.V.

Summary Quantification of sustainability becomes more 
and more important in design and tender processes, either 
as a means for optimizing the sustainability during the design 
process, comparing design alternatives or choosing the most 
sustainable contractor. This article describes the different 
possibilities of the quantification of sustainability in design 
and tender processes. Most methods are based on so-called 
Life Cycle Analyses (LCA’s), in which the environmental 
impact is converted to an environmental damage cost in 
Euro’s. Normally, the environmental impact calculation is 
based on the bill of materials. Attention is paid to the possi-
bilities of using sustainability as an award criterion in tender 
processes. This article gives a first insight in the wide 
possibilities of the quantification of sustainability, and the 
possibilities of linking sustainability calculations to (life 
cycle) cost calculation processes and 3D modeling. 

DUURZAAMHEID 
KWANTITATIEF OBJECTIVEREN 
HEEFT DE TOEKOMST
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Voor elk materiaal of proces waarvan een levenscyclusanalyse 
(LCA) is opgesteld, zijn de in Tabel 1 weergegeven milieueffecten 
bekend. Daarmee kan de MKI per eenheid (bijvoorbeeld per uur, 
kg, m3 of m2) worden bepaald. Deze LCA’s (of milieuprofielen) 
worden in Nederland verzameld in de Nationale Milieudatabase4.

Kwantificeren, hoe gaat dat concreet?
Hoe gaat dat nu concreet, het vaststellen van de milieu-impact 
van een project? Onafhankelijk van het type contract of project 
dient voor het bepalen van de milieu-impact een aantal stappen 
te worden doorlopen, zie figuur 1.

1. Opzetten materialenstaat van het project. Vaak volstaat het  
detailniveau dat voor een kostenraming gebruikelijk is; 

2. Verzamelen milieuprofielen van de gebruikte materialen en 
processen. Hiervoor kan gebruik worden gemaakt van de Natio-
nale Milieudatabase. Voor ontbrekende materialen moet een le-
venscyclusanalyse (LCA) worden opgesteld om het milieuprofiel 
te bepalen;

3. Berekenen milieu-impact door per materiaal en proces hoe-
veelheden toe te kennen. Dit kan in Excel, maar makkelijker is het 
om de hiervoor beschikbare software te gebruiken. In de GWW-
sector is dat doorgaans DuboCalc, in de B&U-sector zijn dat bij-
voorbeeld MRPI Freetool, EcoQaestor, GPR Gebouw, GreenCalc+ 
of de DGBC Materialentool. Deze softwaretools verschillen in ge-
bruiksgemak en functionaliteit, maar hebben gemeen dat ze op 
basis van de milieuprofielen in de Nationale Milieudatabase de 

milieu-impact vaststellen van een 
bouwwerk;

4. Optimalisatie milieu-impact. In 
deze stap wordt gekeken naar de 
‘grootste vervuilers’: de materialen 
of processen met de grootste bij-
drage aan de MKI, waarna mogelijk-
heden voor emissiereductie worden 
afgewogen. Emissiereductie kan wor-
den bereikt door minder of ‘schonere’ 
materialen te gebruiken of door een 
‘schoner’ proces. 
 
De praktijk leert dat het mee laten we-
gen van de milieu-impact vooral plaats-
vindt bij geïntegreerde contracten, en 
slechts incidenteel bij traditionele con-
tractvormen. Bij geïntegreerde contracten 
wordt het ontwerpproces al in een vroeg 

stadium aan de opdrachtnemer overge-
dragen, en wordt de optimalisatie van de 

milieu-impact daarom doorgaans aan de op-
drachtnemerzijde uitgevoerd. De opdrachtge-

ver stelt soms nog wel een referentieontwerp 
op, maar het verder detailleren van de opgave 

wordt overgelaten aan de markt. Doorgaans wordt op basis van 
het referentieontwerp een inschatting gemaakt van de milieu-im-
pact, zodat deze kan worden meegenomen in de aanbesteding. 
In de aanbesteding kan duurzaamheid vervolgens een plaats krij-
gen op vier verschillende manieren:
1. Door het hanteren van een selectiecriterium, bijvoorbeeld dat 
het ontwerp moet voldoen aan een bepaalde minimum milieu-
prestatie;
2. Door het hanteren als proceseis, bijvoorbeeld door optimali-
satiedoelstellingen op te leggen voor bepaalde onderdelen van 
de scope;
3. Als EMVI- of gunningcriterium, bijvoorbeeld door het toeken-
nen van een hogere fictieve korting op de inschrijfsom bij een 
aanbieding met een lagere milieu-impact. Deze methode wordt 
in de GWW-sector het meest toegepast. Bij grote aanbestedingen 
vaak met behulp van DuboCalc, maar het kan ook eenvoudiger 
door bijvoorbeeld de EMVI-waarde te relateren aan het dieselver-
bruik per ton aangevoerd zand;
4. In Beste Value Performance (BVP)-contracten door het toeken-
nen van waarde aan een hogere milieuprestatie (lagere milieu-
impact, doorgaans ook bepaald met behulp van DuboCalc).
De optimalisatie van de milieu-impact vindt dan plaats tijdens 
het aanbestedingsproces, zie Figuur 3.

Voorbeelduitwerking fictieve casus
Tussen de A100 en de A200 moet een nieuw stuk snelweg komen. 
Daartussen ligt een rivier. In de variantenstudie zijn twee varian-
ten uitgewerkt, zie figuur 4:
1. Variant A (paars): lange variant (24.8 km) met een brug over 

DUURZAAMHEID KWANTITATIEF OBJECTIVEREN HEEFT DE TOEKOMST

Tabel 1 – In Nederland in gebruik zijnde milieueffectcategorieën en schaduwprijzen 
Bron: Bepalingsmethode Milieuwprestatie Gebouwen en GWW-werken.
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de rivier. Het knooppunt bij de A200 is 
soberder uitgevoerd met een enkelzijdig 
klaverblad;
2. Variant B (rood): korte variant (21.1 
km) met een tunnel onder de rivier. Het 
knooppunt bij de A200 is uitgevoerd met 
een hogere capaciteit met onder meer 
een fly-over.

Variantenkeuze
Omdat het project naar verwachting veel 
materiaalgebruik met zich meebrengt, 
wordt gekozen om DuboCalc te gebrui-
ken tijdens ontwerp- en aanbestedings-
proces. Om een DuboCalc-berekening uit 
te kunnen voeren, is een materialenstaat 
nodig. Soms is deze tijdens de varianten-
studie nog onbekend. In zo’n geval dient 
deze te worden opgesteld, vaak kan wel 
worden volstaan met een grove inschat-
ting. Voor de wegopbouw kan worden 
volstaan met grove kentallen, voor de 
kunstwerken (bruggen, viaducten, dive-
unders, tunnels en fly-overs) kan aan 
de hand van vergelijkbare objecten een 
inschatting worden gemaakt van de hoe-
veelheden van de meest gebruikte mate-
rialen. 
      
De vraag die vaak naar boven komt is: 
wat neem ik wel en niet mee in het op-
stellen van de materialenstaat? De veel-
gebruikte 80-20 of 90-10 regel impliceert 
dat je vaak met een paar belangrijke ma-
terialen het gros van de milieu-impact te 
pakken hebt, terwijl de tijdsinvestering 
om de duurzaamheidsberekening op te 
stellen op deze manier beperkt blijft. 
Door iemand met kennis van vergelijk-
bare projecten kan de materialenstaat 
doorgaans worden gereduceerd tot en-
kele materialen. Posten die vaak lastig 
zijn in te schatten in vroege projectfases, 
zoals kabels en leidingen en installaties, 
kunnen in de GWW-sector meestal bui-
ten beschouwing worden gelaten, omdat 
deze meestal geen significante bijdrage 
leveren aan de milieu-impact. Van de res-
terende posten kan met behulp van ken-
tallen een inschatting worden gemaakt 
van de hoeveelheden. Belangrijk in de va-
riantenafweging is dat deze zuiver blijft, 
dus bij de verschillende varianten dienen 
de aannames eenzelfde nauwkeurigheid 
te hebben.

Figuur 1 - Optimalisatie milieu-impact in ontwerpproces.

Figuur 3 Optimalisatie milieu-impact bij 

geïntegreerde contracten: bij de opdrachtnemer.
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Een voorbeeld van een berekening is weergegeven in figuur 5. 
Vanuit de materialenstaat (1) wordt hier via DuboCalc (2) de 
milieu-impact van de beide varianten vergeleken (3) over een 
levensduur van 50 jaar. Naast de aanleg wordt dus ook het on-
derhoud en energieverbruik over een periode van 50 jaar mee-
genomen. Voor de casus geldt dat variant A een ca. 15 procent 
lagere milieu-impact heeft dan variant B, hoewel het tracé bij 
variant A langer is. Deze hogere milieu-impact is vooral te wij-
ten aan de tunnel, die in deze casus een veel hogere milieube-
lasting heeft dan de brug in variant B. Het meenemen van het 
weggebruik door auto’s en vrachtverkeer kan overigens wel tot 
een andere conclusie leiden, omdat variant A langer is dan vari-
ant B. Vervolgens kan de milieu-impact samen met bijvoorbeeld 
vervoerswaarde, kosten, impact op de omgeving en landschap-
pelijke inpassing een rol spelen in de trade-off matrix voor de 
variantenkeuze.

Referentieontwerp en aanbestedingsdocumenten
Stel dat variant A wordt gekozen op basis van de trade-off ma-
trix, waarbij deze in de markt moet worden gezet als D&C-con-
tract. Sommige opdrachtgevers kiezen ervoor om de opgave in 
dit stadium meteen op de markt te zetten, anderen werken deze 
nog iets verder uit tot een referentieontwerp. 
In de casus wordt variant A verder uitgewerkt tot een referentie-
ontwerp. Hierbij wordt deze gekozen variant A nader gedetail-
leerd met behulp van bijvoorbeeld een karakteristieke wegop-
bouw (zie Figuur 6) en grove schetsen van de kunstwerken. 

Doordat het referentieontwerp gedetailleerder is, kan ook een 
meer gedetailleerde milieu-impact worden berekend die ver-
volgens wordt ingezet in een aanbesteding. In de casus wordt 
gekozen voor een D&C-contract, die via een EMVI-aanbesteding 
Europees wordt aanbesteed. Om de milieu-impact als EMVI-cri-
terium toe te voegen, worden onderstaande stappen 1 tot en met 
3 uitgevoerd:
1. Opstellen kostenraming t.b.v. aanbesteding. De kostenraming 
bedraagt € 500 mln.;
2. Opstellen selectiematrix met EMVI-criteria, inclusief een kwa-
liteitswaarde voor duurzaamheid. De maximale kwaliteitswaar-
de voor duurzaamheid kan worden gerelateerd aan de MKI van 
variant A (die € 63.5 mln. bedraagt), maar kan ook hoger of lager 
worden gekozen. De omrekening van MKI- naar EMVI-waarde 
kan op verschillende manieren plaatsvinden, maar het verdient 
de voorkeur om de volgende substappen te doorlopen:
a. Bepalen van de MKI-waarde van het referentieontwerp op ba-

sis van standaard ontwerpkeuzes;
b. Vaststellen van de scope voor de duurzaamheidsberekening. 

Vaak wordt de 80-20-regel gehanteerd: alleen materialen met 
een grote milieu-impact worden meegenomen om te voorko-
men dat gegadigden veel tijd moeten investeren in het op-
stellen van een MKI-berekening terwijl de milieuwinst maar 
beperkt is. Verder heeft het ook geen zin om materialen aan 
de scope toe te voegen die al zijn voorgeschreven of waar-
voor ontwerpkeuzes onmogelijk zijn. In het huidige voorbeeld 
zou bijvoorbeeld kunnen worden gekozen voor grondverzet 
en wegconstructie (samen 85 procent van de milieu-impact), 
eventueel aangevuld met kunstwerken (samen 95 procent van 

Figuur 4 – Casus met twee varianten, A en B.

Figuur 5 - Van materialenstaat (1) via DuboCalc (2) naar een variantenafweging op milieu-impact (3)
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de milieu-impact), zie Figuur 7;
c. Uitvoeren van een gevoeligheidsanalyse op de MKI-waarde. De 

geoptimaliseerde variant A1 in Figuur 7 geeft aan dat een MKI 
van ca. € 40 mln. met enige inspanning wel te realiseren is;

d. Keuze van de invulling van de EMVI-waarde voor duurzaam-
heid. Meest gebruikt is een methode met een ondergrens (on-
der deze MKI is geen hogere kwaliteitswaarde te behalen) en 
een bovengrens (boven deze MKI is geen lagere kwaliteits-
waarde te behalen) met daartussen een lineair verband tus-
sen MKI en EMVI-waarde. De ligging van de grenzen wordt 
bepaald op basis van de gevoeligheidsanalyse. In de casus zou-
den de grenzen € 30 mln. en € 70 mln. kunnen zijn. 

3. Opstellen aanbestedingsdocumenten. In de aanbestedingsdo-
cumenten staan drie belangrijke bepalingen ten aanzien van de 
duurzaamheidsberekening:
a. De scope voor de DuboCalc-berekening;
b. De boeteclausule voor het na gunning niet nakomen van de 

opgegeven MKI. Vaak wordt hier een bedrag van 1.5 keer het 

verschil tussen beloofde en gerealiseerde MKI gehanteerd;
c. Hoe om te gaan met materialen die niet zijn opgenomen in 

de Nationale Milieudatabase. Hierbij zijn twee varianten mo-
gelijk:
i. De in de berekeningen gebruikte milieu-impact van deze 

materialen dient bij inschrijving te worden aangetoond met 
behulp van een gecertificeerd LCA-rapport;

ii. De in de berekeningen gebruikte milieu-impact van deze 
materialen dient binnen een bepaalde tijd na gunning te 
worden aangetoond met een gecertificeerd LCA-rapport. In 
dat geval krijgen gegadigden meer tijd om van hun inno-
vatieve materialen de milieu-impact aan te tonen of nog te 
verbeteren na gunning. 

Aanbesteding en beoordeling aanbiedingen
Tijdens de aanbesteding zullen gegadigden een optimalisatie uit-
voeren om te komen tot een maximale EMVI-waarde, en daarom 
tot een minimale milieu-impact. Bij een goed EMVI-criterium op 
duurzaamheid wordt de markt maximaal uitgedaagd en kun-
nen inschrijvingen dan ook sterk verschillen, omdat bepaalde 
duurzaamheidskeuzes tot een hogere inschrijvingssom kunnen 
leiden. De aanbestedende dienst zal vervolgens de aanbiedin-
gen beoordelen, waarbij doorgaans een standaard rapportage 
uit DuboCalc wordt opgevraagd, eventueel aangevuld met een 
onderbouwing voor niet in de standaard rapportage opgenomen 
materialen. 
Omdat de duurzaamheidberekening onderdeel uitmaakt van de 
kwaliteitswaarde, is een goede beoordeling van de inschrijvin-
gen op dit onderdeel essentieel: klopt de MKI-berekening met 
de overige plannen (zoals het projectplan en het grondstromen-
plan), en is deze realistisch? Kennis van DuboCalc en de milieu-
impact van materialen en processen is hierbij uiteraard belang-
rijk.

Uitvoering
De beste aanbieder is nu gekozen, maar hoe kan een opdracht-
gever verifiëren of wat is beloofd, ook wordt waargemaakt? 
Daarvoor zijn verschillende instrumenten beschikbaar. De eer-

Figuur 6 - Karakteristieke wegopbouw.

Figuur 7 -

Gevoeligheids-

analyse van de 

milieu-impact 

van variant A.
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dergenoemde boeteclausule in contracten impliceert dat nale-
ving wordt gecontroleerd. De opdrachtgever kan hierbij focussen 
op de meest opvallende aspecten van de DuboCalc-berekening 
van de aanbieder. Controle van de gebruikte materialen is vaak 
relatief eenvoudig, de herkomst is lastiger te achterhalen, zeker 
bij bulkmaterialen met gemengde herkomst. Inzicht in de mate-
riaalstromen is dan essentieel, zodat ook transportafstanden en 
modaliteiten kunnen worden gecontroleerd. 
Ook hier geldt weer dat een opdrachtgever het zich eenvoudiger 
maakt door de scope voor de DuboCalc-berekening in de aanbe-
steding in te perken. 

Kansen en mogelijkheden
Het kwantitatief objectiveren van duurzaamheid kan in alle 
sectoren worden toegepast. In de uitgewerkte casus is getoond 
wat de mogelijkheden zijn voor kwantitatieve objectivering van 
duurzaamheid in ontwerp- en aanbestedingsprocessen in de 
GWW-sector met behulp van DuboCalc. Ook in andere sectoren 
is dezelfde methodiek toepasbaar, zij het dat dan andere instru-
menten daar meer geëigend kunnen zijn. 
Voor een brede toepasbaarheid is de beschikbaarheid van milieu-
profielen in de Nationale Milieudatabase natuurlijk van groot be-
lang. Onder invloed van het Bouwbesluit 2012 en een toenemend 
aantal publieke partijen dat gebruik maakt van duurzaamheid in 
aanbestedingen, groeit de Nationale Milieudatabase. Aannemers 
worden geprikkeld om bij aanbestedingen te komen met nieuwe 
materialen om de maximale EMVI-korting te halen of om te vol-
doen aan de minimumprestatie-eis. 

Het koppelen van de milieu-impact aan reguliere ontwerpproces-
sen wordt steeds eenvoudiger. Er komen meer tools en interfaces 
beschikbaar waarmee de milieu-impact direct kan worden ge-

linked aan BIM-systemen, 3D-modellen en kostencalculaties, of 
bijvoorbeeld aan LCC-berekeningen. Vooral dat laatste is nuttig, 
omdat een minimalisatie van de milieu-impact vaak ook leidt tot 
lagere life cycle costs. Hiermee wordt de milieu-impact een inte-
graal onderdeel van het ontwerpproces en ligt de weg open voor 
het verder verduurzamen van de sector. 

Tenslotte, om de kosten en benodigde tijd voor het opstellen van 
een duurzaamheidsberekening te minimaliseren, is het van groot 
belang dat aan de voorkant van het ontwerpproces afspraken 
worden gemaakt. Niet alleen over hoe informatie dient te worden 
aangeleverd (bij voorkeur door kostencalculatoren) maar ook 
hoe in het ontwerpproces de milieu-impact kan worden gemi-
nimaliseerd door het maken van ontwerpafwegingen. Zo wordt 
voorkomen dat men voor een voldongen feit staat in een laat 
stadium van de aanbesteding of het ontwerpproces.

1  Bruyn, S.M. de et al., Handboek Schaduwprijzen, Waardering en 

weging van emissies en milieueffecten, CE Delft, maart 2010.
2  Stichting Bouwkwaliteit, Bepalingsmethode Milieuwprestatie  

Gebouwen en GWW-werken, versie 2.0, november 2014.
3  Elke emissie is uitgedrukt in een equivalente emissiehoeveelheid, 

waarbij per categorie gekozen is voor een belangrijke emissiefactor. 

Voor toxiciteit is dat 1,4-DCB (1,4-dichloorbenzeen), voor uitputting 

van hulpbronnen Sb (antimoon), voor het broeikaseffect CO2 (kool-

stofdioxide), voor smogvorming C2H2 (ethyleen), voor aantasting van 

de ozonlaag CFK-11 (chloorfluorkoolwaterstof), voor verzuring SO2 

(sulfaat) en voor vermesting PO4(fosfaat).
4  Te raadplegen op www.nationalemilieudatabase.nl.  K 
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Table 1 – Forward looking Evaluation of a computer.  

Introduction
A model to calculate how improvement on asset life can be rea-
dily assessed was presented in a previous issue of this magazine1. 
The examples given are clear and simple. The Excel graphs that 
illustrated the paper can be readily reconstructed. 

However, applying an approach of  ‘Forward-looking Evaluations’ 
on the same examples leads to quite different conclusions. All 
past investment and operational cost are sunk cost, and are – as 
well as past profits – irrelevant to decision making. The height 
of the original investment in an asset – at the End of year Zero 
(Eoy0) – is highly relevant to the pre-investment decision, but 
completely irrelevant as soon as the asset is operational, also at 
Eoy0 2.

 
The implication is that economic life equals physical life of an 
asset for as long as a positive cash flow is generated. Growth in 
operational cost by ageing as well as development of improved 
alternatives will of course negatively impact the cash flow and 
hence may reduce or even put an early end to the economic life. 

 

DR. MAARTEN VRIJLAND
BEFORE AND AFTER HIS RETIREMENT MAARTEN 
VRIJLAND HAS BEEN TEACHING SUBJECTS IN 
PROCESS ECONOMICS & COST ENGINEERING 
IN ACADEMIA AND INDUSTRY

Samenvatting
De berekening van de Netto Contante Waarde van een inves-
teringsproject is een veelgebruikte methode bij haalbaarheids-
studies.  Op basis van een investeringsraming en geschatte 
toekomstige kasstromen wordt berekend welk resultaat 
verwacht mag worden van het project, uitgedrukt in euro’s 
van vandaag. Echter, zodra de investering een feit is zijn de 
daarmee gemoeide kosten Verzonken Kosten. Criterium voor 
de economische levensduur moet dan niet langer de Netto 
Contante Waarde van het project zijn, maar de Contante 
Waarde van de toekomstige kasstromen.

SUNK COST AND 
ECONOMIC LIFE 
OF AN ASSET

Voorwoord van de redactie
De redactie krijgt regelmatig signalen dat de artikelen 
in COSTandVALUE niet alleen zorgvuldig worden gele-
zen, maar dat ook gepresenteerde modellen nagerekend 
worden. Soms geeft dit een lezer aanleiding commentaar 
te leveren. Omdat wij het stimuleren van discussies die ons 
vakgebied op een hoger plan kunnen brengen tot onze 
taak rekenen zijn wij daar blij mee. Een ingezonden stuk 
dat wij ontvingen naar aanleiding van een artikel in het 
april nummer van COSTandVALUE vindt U dan ook in deze 
editie. Hierin wordt een andere invalshoek gepresenteerd 
die het onderwerp verbreedt naar het moment waarop een 
investering reeds is gerealiseerd en tot andere conclusies 
komt. Er is een veelheid van mogelijke beslissingen over 
de levensduur van de aangegane investering en dat vereist 
voortdurende analyse van de economische aspecten. 
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Reviewing the first example (operating 
cash flows +10%)
An e 12000 computer is installed at the end of year zero (Eoy0). 
The physical life is estimated to be five years. The Net Present 
Value @ 12% discount rate (Present Value of the Cash Flows Eoy 
1-5 minus the original investment), assuming a full five years of 
service with a scrap value of zero is positive (e 493), making the 
project acceptable. 
Now suppose that the project has been operational for one year, 
and we have – at this point in time, Eoy1 - to decide whether to 
stop or to continue.
To abandon the project will enable us to cash e 11000 scrap 
value. To continue means that we may expect operational cash 
flows in years 2 – 5, having at this point in time a Present Value 
@ 12% of 3850/1.12 + 4400/1.122 + 3300/1.123 + 2200/1.124 
= e  10692.

We may conclude that we should consider abandoning the com-
puter Eoy 1 and pocket e  308 at that time (and maybe scout for 
opportunities in computer trading).
However analogous calculations performed after 2, 3 and 4 years 
of service yield Present Values of the cash flows yet to come in 
these three cases exceed the scrap value (as shown in table 1). 
So the conclusion is that if the project is continued after year 1, 
accepting the then lost opportunity of cashing an extra profit of 
11000 -/- 10692 = e 308, the option of preference would be to 
continue the project. It does not make sense to abandon the com-
puter before it’s physical life is over, since for each of the years 
2 – 5 the incoming cash flows exceed the trade in or scrap value.

– Economic life equals physical 
life of an asset for as long as a 
positive cash flow is generated.

Forward-looking Evaluation of Example 2
First of all it is clear that a 100 Me project generating the opera-
tional cash flow as given in example 2, even after the implemen-
tation of Continuous Improvement, should never have passed 
a feasibility screening. A simple Pay Out Time calculation will 
make that obvious. However, suppose that the plant has been 
erected (and improved) and is operational anyhow. The 100 Me 
original investment is now Sunk Cost.
The physical plant life is 11 years, and the Eoy 1 Cash Flow 
equals 9 Me. Each year the cash flow drops 2 Me, so the Eoy 11 
Cash Flow equals -11 Me. (See Table 2, Colu

Forward-looking Evaluation (Eoy0): 
Present Value (Eoy0) @ 12% Discount Rate 
   of all cash flows in the years 1 – 11:                       + 7.18
Shutdown cost of 20 Me Eoy 11, 
   discounted @ 12%:                                                -/- 5.75
Present Value Eoy0 of operating 	 ____________
   from Eoy0 – Eoy11:	 +1.43 Me

See also Figure 1.

Forward-looking Evaluation, one year later (Eoy1): 
Present Value (Eoy1) @ 12% Discount Rate of all 
   cash flows in the years 2 – 11                                 -/- 0.96
Shutdown cost of 20 Me Eoy 11, disc. @ 12%          -/- 5.75
Present Value Eoy1 of operating 	 ____________ 
   from Eoy1 – Eoy11:	 -/- 6.71 Me

Immediate shutdown would cost 20 Me Eoy 1 instead of 5.75 
Me, so, even though an operational loss of Me 0.96 is suffered 
the option of continuing production is preferred.

However, unless it would be for a very limited time only, or would 
be required by law, it makes no sense to continue a project once 
the cash flow is negative without hope for improvement. The 
sole observation that a pre-investment NPV, calculated before the 
plant was operational, is still positive in spite of a negative cash 
flow can never justify continuation of the project. 

– The essence of the “F.E. Approach” is that at 
each point in time decisions regarding the best 
option 
at that time, and as far as the economics are  
concerned, are based on future cash flows only.

That scrapping this project Eoy5 (NPV = 8.30 Me), instead of 
Eoy11 (NPV = 1.43 Me) is economically more advantageous is 
easily shown:
Present Value (Eoy0) @ 12% Discount Rate of 
all cash flows in the years 1 – 5:                              + 19.65
Shutdown cost of 20 Me Eoy 5, disc. @ 12%:          -/- 1.35
Present Value Eoy0 of operating 	 ____________
   from Eoy0 – Eoy11:	 + 8.30 Me

For the real number crunchers!!
There is a further optimization. Shutting down Eoy 6 instead of 
Eoy 5 would imply a negative cash flow of 1 Me Eoy 6, having 
a Present Value of -/- 1/1.126 = -/- 0.51 Me. On the other hand, 
postponing the shutdown for one year would yield an advantage 
of 20/1.126 -/- 20/1.125 = 1.22 Me. So: 
Present Value (Eoy0) @ 12% Discount Rate of 
   all cash flows in the years 1 – 6:                            + 19.14
Shutdown cost of 20 Me Eoy 6, disc. @ 12%:         -/- 10.13
Present Value Eoy0 of operating 	 ____________
   from Eoy0 – Eoy11:	 + 9.01 Me

A final remark: maybe the plant has been licensed for 11 years. 
It might be an idea to quit production Eoy 5, before the cash flow 
turns negative, but postpone the scrapping of the plant until Eoy 
11.  

Present Value (Eoy0) @ 12% Discount Rate of all 
   cash flows in the years 1 – 5:                                + 19.65
Shutdown cost of 20 Me Eoy 11, disc. @ 12%:        -/- 5.75
PV Eoy0 of operating from Eoy0 – Eoy5, 	 ____________
   scrapping Eoy 11: 	 + 13.90 Me

SUNK COST AND ECONOMIC LIFE OF AN ASSET



COSTandVALUE - APRIL 201633

SUNK COST AND ECONOMIC LIFE OF AN ASSET

Reconstruction of the second example
Asselbergs and Dijk develop a graph, reconstructed as Figure 1 
in this paper, to show an “Economic Operating Window” for the 
economic lifetime of a 100 Me plant. This Window should be 
extended by applying “Continuous Improvement” to the plant. 
See the curves ‘Before C.I.’ and ‘After C.I.’ in Figure 1. The data 
underlying Figure 1 are presented in Table 2.

CONCLUSION
In a pre-investment feasibility study all cash flows, including the 
investment cost itself, have to be accounted for. A Net Present 
Value is calculated, the Present Value of all project life time cash 
flows minus the Original Investment cost. 
However, once the investment money has been spent the invest-
ment cost is Sunk Cost, and should be eliminated from the calcu-

lations. Now it is the Present Value of all project life 
time cash flows that has to be considered. ‘Estimates 
of future cash flows tend to be more accurate for 
years in the nearer than in the distant future. Hence 
Forward-looking Evaluation has the added advantage 
of an expected higher reliability. Neglecting the Sunk 
Cost Principle may easily lead to false conclusions.

1 Asselbergs K. en Dijk J., Cost and Value 2015 4(7), 8-11.
2 As is customary in preliminary feasibility studies all 

calculations are based on ‘overnight construction’ of 

investments and on the ‘end of period concept’ for  

discounting.  K

Figure 1 – Asselbergs & Dijk. Reconstructed figure 4, loc.cit.

Table 2– Establishing 

the Economic 

Operating Window.

(Column G “Before Continuous Improvement”, 
Column J “After Continuous Improvement”)
Col. B: Cash Flows for years 1-11 are given 
in Me. In any of these years the end-of-life 
cost (project shut down plus remediation) is 
assumed to be 20 Me (Column C). Col. D/E: 
Col. D presents the Cash Flows discounted @ 
12%  and Column E the likewise discounted 
end-of-life cost.
Col. F: shows the cumulative Discounted Cash 

Flows of Column D, whereas in Column G for 
each year the Present Value of abandoning the 
project is calculated by subtracting the dis-
counted end-of-life cost from the Cumulative 
Discounted Cash Flow. 
Figure 1 shows a graph of the Cumulative 
Discounted Cash Flows minus Discounted 
Shutdown Cost (Column G) against project life 
(Column A). Please note that Column G shows 
positive values for the years 4-6. After imple-

menting a Continuous Improvement Program 
all Cash Flows Eoy 1-11 improve with 2 Me/y 
(Column I). The Cumulative Discounted Cash 
Flows minus Discounted Shutdown Cost cal-
culated as before is shown in Column J. Note 
that Asselberg’s Economic Operating Window 
now extends from Eoy3-11.
The ‘Original Investment’ was given as ‘ap-
proximately 100 Me’ but is disregarded in  
the calculations for this second example.






