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1 |Introduction  
 

When considering cost reduction in the building sector it is inevitable to 
not just look at the separate cost of factors such as the material, 
components, transport, insurances and labour. If we aspire to reach 
significant cost reductions, we need to view the system of the building 
sector as a whole and reconsider how different building parties within the 
complete value chain cooperate to in the end deliver the value the client 
desires. It is within this value chain where structural cost reductions can be 
achieved, by working smarter and in a more integrated manner.  
 
In this paper, deliverable 1.2 in workpackage 1, an overview is given for 
opportunities to reduce costs for new nearly zero energy buildings by 
actually transforming (parts of) the value chain that delivers these nzeb’s. 
This paper is for internal use within the AZEB consortium and the proposed 
solutions will be enhanced in workpackage 2 to be integrated in the AZEB 
methodology. Then it will be applied in WP 3 and turned into training 
material and disseminated to the wider European audience in WP4 and 
WP5.  
 
The solutions proposed in this paper have been deducted from a report of 
McKinsey Global Institute, from the work of two renowned Dutch thought 
leaders in this area, from the philosophy and practice of the lean 
methodology in the building sector and from two lean workshops for 
respectively a Spanish and a Dutch case study.  
 
One might argue that these solutions for cost reduction are general for the 
building sector, not just for NZEB’s. This is true. However, in case of the 
needed transition to NZEB’s, urged by the dramatic worldwide 
environmental developments, this transformation of the value chain 
becomes even more pressing and will have even more impact since the 
investment costs of NZEBs are generally higher. Changing the system of 
the value chain does not only have the potential to lead to significant cost 
savings in euro’s, but also to achieve significant reductions in greenhouse 
gas emissions and in the use of scarce resources like raw materials. In 
addition to these savings, significant gains are to be expected in quality 
and quantity of the delivered goods and services. Given the fact that 
delivering high quality in an NZEB is more dependent on deep knowledge 
and craftsmanship of the involved disciplines than regular, non-NZEB 
buildings and given the fact that integral design and construction are 
absolutely necessary to ensure the correct functioning of the end product, 
we can easily understand without complicated calculations that if we 
produce NZEB’s in the current type of value chain, it will always be more 
expensive than regular buildings because we will produce (even more) 
errors and waste much resources while compensating for the lack of 
integrality in the technical as well as process system. 
 
Furthermore, in 2020 the standard of NZEB’s will be legally required for all 
new buildings in Europe. To cost effectively produce these, in the quantities 
needed, the value chain might need to be transformed or we run the 
serious risk that the clients will end up with paying significantly more for 
the same or lower user-value, or, worst case scenario, we might not even be 
able to deliver the quantity of housing needed. Both could be disruptive for 
the whole housing market. As said, this paper explores opportunities to 
prevent this situation and improve the cost-effectiveness, further reduce 
the environmental impact and improve the quality of NZEB’s. 
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2 | Labour productivity in the building sector 
  

 

In 2017 McKinsey Global Institute published the report “Reinventing 
Construction: A Route to Higher Productivity”1. In this report the central 
theme is labour productivity, defined as the value added by 
construction workers (value=output in terms of structures created 
minus purchased materials) per hour of work. Specific attention is 
given to its growth over time, adjusted for inflation. An increase of 
productivity means that higher value can be provided to customers 
with the same or fewer resources and this leads to: 
 
1. A desirable mix of higher quality structures at lower costs for the 

owners 
2. Higher profitability for contractors 
3. Higher wages for workers. 

 
Two out of three of these goals can be reached by other means than 
increasing labour productivity, for example squeezing wages or 
margins or raising prices for owners. But reaching all three of these 
goals requires a raise in labour productivity. Although in AZEB we focus 
on lower costs (goal 1), we do aspire to reach this while also 
maintaining or creating a healthy sector (goals 2 and 3) and hence we 
believe the analysis and conclusion of McKinsey’s research is relevant to 
AZEB. 
 
The McKinsey report shows how labour productivity growth in the 
construction sector has lagged behind in the past 20 years. Globally, 
labour productivity growth in the construction sector has averaged on 
1% per year for the past twenty years, compared to the total world 
economy which had a labour productivity growth of on average 2,8% 
and 3,6% in case of manufacturing. 
 
McKinsey’s study points to 10 root causes of this low productivity 
(growth). These are summarized in the table below.  
 

Table 1 Ten root causes of low productivity in the building sector 

No. Cause of low productivity and market failure in construction  

1 Increasing Project and Site complexities  

2 Extensive regulation, land fragmentation and the cyclical nature of public investment  

3 Informality and potential for corruption distort the market  

4 Construction is opaque and highly fragmented  

5 Contractual structures and incentives are misaligned  

6 Bespoke or suboptimal owner requirements  

7 Design processes and investment are inadequate  

8 Poor project management and Execution basics  

9 Insufficiently skilled labor at frontline and supervisory levels  

10 Industry underinvests in digitization, innovation and capital  

 

                                                                                       
 
 
 
 
1 Available from: https://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-
insights/reinventing-construction-through-a-productivity-revolution 
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McKinsey’s report then suggests seven areas of improvement to 
increase productivity in the construction sector. These are listed in the 
table below. 

 

 Areas for productivity improvement 

1 Reshape regulation and raise transparency 

2 Rewire the contractual framework towards long term collaborative relationships and project 
outcome 

3 Rethink design and engineering processes (more emphasis on value engineering, and thinking 
about construction as a production system with off site manufacturing and minimized on-site 
construction ) 

4 Improve procurement and supply-chain management from  combination of best practices in 
other industries 

5 Improve on-site execution 

6 Infuse digital technology, new materials and advanced automation 

7 Reskill the workforce 

 
As can be seen the conclusions and suggested solutions in this report 
for a large part refer to value chain issues: how do the different parties 
within the value chain organize themselves and collaborate with each 
other. Here, as well as in the chapters to follow, there specifically is 
emphasis on exploring the possibilities to integrate the value chain, 
have intimate collaboration between client and the different suppliers 

in the value chain and to move 
from on site, “hand-made” 
buildings to offsite 
manufacturing and on site 
assembly, and where possible to 
apply a manufacturing style- 
production oriented approach. 
These transformations are 
judged by McKinsey to be most 
promising to boost productivity 
and hence reach the three 
important goals for the sector 
mentioned in paragraph 1 of this 
chapter simultaneously: higher 
quality structures at lower costs, 
higher profitability for 
construction companies, higher 
wages for workers. 

 

To further visualize this opportunity for restructuring the construction 

value chain, the following concept might be helpful: Original Equipment 

Manufacturer. This term is much used in the automotive sector and 

although its meaning is sometimes ambiguous, some people use the term 

to envision a possibility for restructuring the building supply chain. In that 

case it points to an organization that produces end-products that consist of 

subsystems made by other producers.  

 

“…OEMs rely on their ability to drive down the cost of production through 

economies of scale. Also, using an OEM allows the purchasing company 
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to obtain needed components or products without owning and operating 

a factory…”2 

 

 In the building sector the term could apply to certain component suppliers, 

for example of roofing systems or service components. More interestingly 

maybe, it could also apply to for example a brand owner with proposition 

for a complete housing system, which is composed of standard 

components (from suppliers the brand owner closely cooperates with), 

which is largely produced in a factory of the brand owner and then 

assembled on site and serviced by local certified building companies or 

installers. It might also be sold by these or other local companies/stores 

based on the marketing proposition and sales material of the brand owner. 

This can be compared to for example a car brand owner like Mercedes, who 

has certified local dealers that sell the car to the end-customer, prepare it 

for final delivery and service it during its use by the customer. If the car is in 

service with the certified dealer, it will also have a specified performance 

guarantee by the brand owner: Mercedes.   

 

In the figure below it is visualised what a value chain like this could look 

like for the building industry and some of its possible players are depicted 

in relation to the different parts of the value chain. 

 

Figure 1 The value chain of the future and some of its players. Adapted from a 2017 
presentation of J.W. vd Groep: The Future of Building Industry3 

 
 

                                                                                       
 
 
 
 
2 Source: https://en.wikipedia.org/wiki/Original_equipment_manufacturer 
3 Source: J.W. van de Groep, presentation : Future of Building Industry – download from: 
https://janwillemvandegroep.com/download-presentatie/ 



 1.2 | solutions for cost reduction throughout the building supply chain 

 

8 

 

3 | Legolizing the building sector 
  

 

This chapter summarizes a deep and persevering view of how costs can be 

reduced in the building supply chain, based on the work of a renown, and 

for some notorious, Dutch professor which specializes in the field of 

transformation of the building value chain. It challenges the reader not to 

only think in small incremental steps, but also explore what opportunities 

arise if we dare think of big, deep, system wide changes in our sector. 

Some, and maybe even many or all, of the solutions he presents provide 

ample chance for significant improvements in cost efficiency. 

 

In 2011 the Dutch Prof.dr.ir. Hennes de Ridder presents his comprehensive 

vision of the desired transformation of the building sector. He argues that 

research shows how the building sector in The Netherlands (and notably 

most other countries too), during its complete lifecycle of development, 

use, maintenance, renovation and demolition and processing of the waste, 

uses more energy than needed, expels more than needed, performs less 

than possible, uses more material than needed and makes more costs than 

needed. This is no news to most in and around the building sector, and it is 

generally agreed upon that the building sector should change. The call for 

NZEB’s is one of the responses to this. However, he also argues that 

although most people agree on the need for change, most go quiet when 

asked what, how, who, when, where and at which level should change.  

 

Several initiatives have risen the past years like for example building 

industrially, flexible and dismountable, conceptual building, and some 

efforts for real product development by individual companies. De Ridder 

takes these developments one step further and tries to place them in a 

coherent system, presented a the concept for the new building sector. 

 

The core of this concept is the conviction that the building sector must 

change out of sustainability reasons, and should change from a sector that 

produces customized products hand-made, to a sector that industrially 

produces customized products. Customization is crucial in his concept and 

the new concept should increase diversity rather than decrease it. The 

current structure and culture in the sector considers each building as 

unique and as a result stimulates all involved to reinvent the wheel time 

and time again. This should change to a structure and culture in which 

producers know everything in an exact manner about what they sell. They 

put their offer with an endless number of variants  in the shop window and 

consumers that buy a customized high quality product in an interactive 

process can rely on the fact that the products are safe and sound. Suppliers 

in the building sector will no longer produce one-off buildings based on 

drawings made by others, but they will develop construction boxes 

(comparable to lego, meccano or knex) with which they cannot only make 

all sorts of buildings, but they can also adapt, expand and eliminate the 

buildings at which the building blocks can be re-used in the same or other 

buildings. This process will be supported by a digital system that 

automatically adapts the building if one or more parameters are changed. 

 

This might seem like a huge step, and for the building sector a grand 

transformation. But De Ridder argues convincingly that maybe this is just a 

change towards a “normal” industrial sector, as all of the mentioned above 

is common practice is almost all sectors except building. 
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Estimated potential for improvement: 

Energy use: from 50% of total energy use to 25% of total energy use 

CO2 emissions: from 50% of total to 25% of total emission of CO2 

Waste production: from 40% of total to 20% of total waste production 

Road traffic: from 25% of total to 12,5% of total road traffic 

Costs of failure: from 10% of the turnover as costs of failure to 1% 

Profit building construction companies: from 2% of turnover as profit to 

10% 

 

De Ridder discusses 50 issues that describe the current situation and places 

the desired situation opposite them. All are related amongst each other 

and together form a coherent system, a concept for the new building 

sector. In the table below these issues are summarized. We present these 

ideas here in this paper as possible solutions for cost reduction in the 

building supply chain.  

 

 

Table 1:  50 issues in the current building sector (red) and their aspired counterpart 
in the envisioned new building sector (green), as  identified by prof. dr. ir. Hennes 
de Ridder (2011)4 

 Changes in Organizing Competition  

1 Client specifies the product he wants to have Client determines context in which the building 

to purchase must fit 

2 Client makes a Program of Requirements Client makes a program of wishes 

3 Client makes a specification blueprint or has 

this made for him 

Client creates space for solutions 

4 Competition based on price Competition based on value-price ratio 

5 Generating change orders and claims without 

additional value 

Generating additional value without change 

orders and claims 

 Changes in Organizing the Value Chain  

6 A fragmented value chain, aimed at offering 

exactly what is asked for 

An integrated value chain, aimed at aligning 

supply and demand 

7 In the fragmented supply chain advisors are 

hired by the clients to specify the product 

In an integrated supply chain advsors of the 

client are specifying the context 

8 Client adapts initial concept based on say of 

interested parties. 

Client chooses concept in active participation 

with stakeholders 

9 Top-down fixation of product: You ask, we 

deliver. 

Bottom-up developed, variable product: We 

play, you choose. 

10 Managing interfaces between fixed building 

elements and fixed components 

Managing variable objects with fixed relations 

between themselves 

11 Project-bound, fragmented and outsourcing 

providers chain 

Project-unbound, integrated and cooperating 

providers chain 

12 Building for eternity, without anticipating the 

people of tomorrow 

Flexible building for people of today and of 

tomorrow 

13 Production on location, delivery of materials 

and standard elements 

Production in factory, assembly on location 

                                                                                       
 
 
 
 
4 Source: Ridder, prof.dr.ir.H. de, 2011, LEGOlisering van de bouw -industrieel maatwerk in een snel veranderende 
wereld (LEGOlizing the building sector -industrial customization in a fast changing world), Uitgeverij Maurits 
Groen*mgmc. 
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 Change in characteristics of buildings  

14 Handmade, unique and client specific 

buildings 

Industrially made, unique and client specific 

buildings 

15 Suboptimal building due to serial 

suboptimalisation per discipline 

Optimal buildings 

16 Financial suboptimisation over economic 

lifecycle of the building as a whole 

Optimisation-economically, social-culturally 

and ecologically – is the central theme in each 

building project 

17 Building as a peace of art and non-

changeable monolith 

Building as a flexible and (dis)mountable 

system 

18 Mainly downcycling Mainly recycling 

 Changes in building knowledge  

19 Keep on inventing the wheel, no repetition, 

no learning curves (because each project is 

unique) 

Learning curves and repetition-effects with 

industrialisation 

20 Building contractors only have implicit 

knowledge of processes 

Suppliers have explicit knowledge of product 

and process 

21 Mainly “pre-competitional” knowledge 

(everyone knows-general) 

Mainly competitional knowledge (related to 

the specific offerings of complete buildings) 

22 Building Information Model (BIM) directed 

towards project and process with 

subcontractors and suppliers 

Parametric Knowledge Model independent of 

project and directed towards a product with co-

makers 

23 Design and Construction of one-off, unique, 

client specific buildings 

Research and Development for product 

families and product modules. 

24 Non-validated models and non-verified 

performance at building level 

Validated models and verified performance at 

building level 

 Change in Quality Assurance  

25 Quality is the extent in which client 

specifications are fulfilled 

Quality as one of the factors of value 

26 Client arranges for supervision with a 

governmental body as third independent 

controlling party 

Supplier arranges for supervision with 

accredited certifiers as independent external 

quality assessors 

27 Implicit quality assurance with building 

contractors by clustering of jobs 

Explicit quality assurance with suppliers by 

dividing jobs (specialisms) 

28 Clustered tasks and financing with malus 

regulation as external quality assurance 

Guarantee and product responsibility 

29 Client and supplier are both only doing 

verification 

Specific validation by client, general validation 

and specific verification by third parties 

30 Alliance regulation on risks, fighting the 

creation of change orders and claims by 

contractors 

Alliance regulation on added value 

 Change in market approach  

31 Client searches for contractors Supplier searches for clients 

32 Marketing of building contractors based on 

profiling in a subsegment and on 

process/profession 

Marketing of building contractors based on 

profiling with a brand and a good product 

33 Passive approach of the market: You ask, we 

deliver. 

Active approach of the market: We play, you 

choose. 

34 Not really listening to the customer, but 

doing exactly what he says 

Really listening well to customer, but not 

always doing what he says 

35 Client sometimes gets one single unsolicited 

proposal 

Client always creates his own solution by 

choosing from several variants 

36 Contract and terms of delivery determined by 

client 

Contract and delivery determined by supplier 
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37 Forced guarantee, because client can refuse 

paying 

Supplier gives guarantee as added value 

38 Client thinks ‘small’ (misses many possibilities 

because of limited perception) and acts ‘big’ 

(top-down and clustering) 

Client thinks ‘big’ (perceives building in 

context) and acts ‘small’ (step by step / phases, 

possible due to flexible buildings) 

 Changes in regulation  

39 Use of raw materials, use of land and 

emissions are not taxed in a transparant and 

systematic manner. 

Explicit discouragement on use of raw 

materials and emissions by unambiguous 

taxing. 

40 Economically Most Advantageous Offer, 

judged on process and risk 

Economically Most Advantageous Offer, based 

on value of the building 

41 Tendering regulations written for fulfilling 

client specifications 

Tendering regulations written for scoring on 

wishes of client, while fulfilling minimal 

requirements and boundary conditions. 

42 Plan procedures aimed at maintaining status 

quo with a say of the interested parties on the 

initial concept, with the goal exterminating 

the last opponent 

Planprocedures with several suppliers 

alternatives and variants aimed for change, 

decision process with participation of the 

stakeholders, with the goal of winning warm 

proponents. 

43 Local criteria for permits National harmonisation of criteria for permits. 

 Changes of the sector  

44 From a reactive to a responsive culture From a responsive to a creative culture 

45 Price competition without innovation: an 

unhealthy sector because of the lack of 

innovation as a result of the closed questions 

by the clients 

Healthy sector due to innovation due to 

competition based on the ratio value/price in 

response to open questions by clients 

46 Unhealthy distrust (culture of legalization 

with lawyers and bookkeepers) 

Healthy distrust (business oriented and open) 

47 Dominant role of clients & advisors between 

contractor and end-user 

Client has a facilitating role between supplier 

and end-user 

48 Project risks Business risks 

49 One-off projects with prescribed products 

and processes: uniforming product and 

process per project 

Battle for the standard per market segment 

50 Non-sustainable Sustainable 

 

 

 

4 | Lean in the construction sector 
 

 “Lean” is a way of thinking, doing and for some even a way of being that 

transforms business systems. It combines operational execution with 

value-based strategies to produce sustained growth.5 It has evolved from 

philosophies and methods like total quality management and has matured 

as an approach from the ‘90’s of the 20th century onwards. The most well-

known advocate of lean thinking and lean practice is car manufacturer 

Toyota. For those interested in the rich history and the many aspects and  

appearances of lean, we like to refer them to the standard work by 

                                                                                       
 
 
 
 
5 Source: 2003, J.P. Womack and D.T. Jones, Lean Thinking.  
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Womack and Jones: Lean Thinking or to any one of the many books that 

appeared on the subject. 

 

For this document we will limit ourselves to describing the principles of 

lean and the associated opportunities for cost reduction of NZEB’s. One 

successful example from the building sector will also be shown. The lean 

workshops performed for the Spanish and Dutch case study have been 

based on methods applied in lean practice. They are however by no means 

representative of the complete possible scope of lean and only a “finger 

exercise” to get a feel for the subject and to gain some first pointers for the 

solutions to be developed within AZEB for improving the cost-effectiveness 

of the building value chain. 

 

 

4.1 Principles of lean 
 

Lean is a philosophy and practice that puts the customer and the employee 

at the center of its attention. The ultimate lean organisation only performs 

activities that add value for the customer. This means that all wasteful 

activities in an organization, or across the value chain, are systematically 

banished by optimizing the processes. This way maximum value is created 

and costs are minimized. The employee, at any hierarchical level, is highly 

valued by the organisation because it is expected to be a professional with 

craftmanship that is best suited to come up with practical ideas for 

improvement. The employees are challenged to not only come up with 

ideas, but also to implement them. This way all employees are rewarded 

for their continuous attention for maximizing value for the customer in 

each company activity big or small. 6 

 

Waste can be defined in the lean context as any human activity which 

absorbs resources but creates no value. The lean methodology identifies 8 

types of waste: 

 

1. Defects: errors caused by rework, scrap and incorrect information 

2. Overproduction: Production that is more than needed or before it is 

needed. 

3. Waiting: Wasted time for the next step in the process. 

4. Non-utilized talent: Underutilizing people’s talents, skills and 

knowledge. 

5. Transportation: Unnecessary movements of products and materials 

6. Inventory: Excess products and materials not being processed. 

7. Motion: unnecessary movements of people (e.g. walking, bending over, 

reaching) 

8. Extra-processing: More work or higher quality than is required by the 

customer. 

These types of waste can easily be translated to concrete situations in the 

building practice, as we will show in an example in the next paragraph.  

 

Companies adopting a lean approach to transform their business and/or 

the value chain do so by continuously applying 5 main lean principles: 

                                                                                       
 
 
 
 
6 Source: 2017, J. Maes and V. Wiegel, Succesvol Lean (Successful Lean) 
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1. Defining value: what is of true value to the customer and what is the 

associated target cost (which is based on the amount of resources and 

effort required to make a product of given specifications and 

capabilities if all the current visible waste were removed from the 

process – calculating this and using it as a target is the ultimate trigger 

to improve the process) 

2. Map the Value Stream: traditionally management attention has flown to 

managing aggregates such as processes, departments, firms, 

overseeing many products at once. Lean proposes to manage whole 

value streams for specific goods and services (across e.g. departments 

and organisations). But to manage and improve a value stream it first 

needs to be mapped out. The lean method proposes analysing this 

stream for three types of activities: 1) those that actually create value 

as perceived by the customer, 2) those which create no value but are 

currently required by the product development, order filling or 

production systems so cannot be eliminated just yet, and 3) those 

which create no value as perceived by the customer and can be 

eliminated immediately. After removing the third type of waste, the 

way is clear to optimize the remaining process through use of the next 

three principles. 

3. Create Flow: make sure value can flow through the processes in an 

uninterrupted manner. Organizational barriers are eliminated, tools 

and processes optimized.  

4. Create pull: Flow is not enough, because you don’t only want to make 

unwanted products flow faster – this only leads to waste. Pull in its 

simplest form means that no one upstream should produce a good or 

service until the customer downstream asks for it. Lean planning and 

just-in-time manufacturing are all examples of working from a pull 

philosophy. 

5. Pursue Perfection: Lean uses a concept of perfection that entails endless 

steps, radical as well as incremental, and involves everyone at every 

level of the organisation and across the supply chain. Continuous 

improvement and continuous learning is key to the successful 

implementation of lean. It never finishes and therefore is a way of 

being as much as a way of thinking or a way of doing. 

 

Research has shown that incredible increases in performance  are possible 

through lean in the building sector: Time: >80% faster, money: 30-50% 

cheaper, quality: no rest points, productivity: >15% higher, safety: 50-60% 

less accidents, environment: 70% less waste, 30% less CO2 and risks: >95% 

within time and budget.7  

  
4.2 Example of an innovative lean approach  
 

To illustrate the concept of lean an example is described in this paragraph 

from the Dutch building sector.  Raab Karcher is a building material 

supplier (wholesale for businesses). When delivering its materials to the 

building sites of its customers it started noticing the many movements of 

workers on building site – searching and retrieving materials, the stock 

                                                                                       
 
 
 
 
7 Source: 2017, R. Gort, Lean vertaald naar projecten (Lean translated to projects). 
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moving around on building site - getting damaged on the go and 

consuming resources,  the traffic jams around building site due to many 

movements involved with the deliveries, the amount of theft and damage 

from stock on building site and the waste piling up on building site. To 

name just a few of the inefficiencies.  

 

They decided to develop a new process using a lean approach 8 which is 

summarized in the figure below. 

 

 
 

In the more than 100 projects Raab Karcher has implemented this 

approach until now, they claim it has led to cost savings and productivity 

gains of 10-15% for their clients. In light of the results and explanation of 

lean practices in the former section of tis document, these seem very 

plausible. Key to maximizing the success of this approach is that the client 

of Raab Karcher deeply involves its subcontractors and suppliers (which 

may also be others than those related to Raab Karcher) in the planning of 

this delivery process. Raab Karcher indicates that this is often the most 

challenging factor in the process; aligning all those different suppliers in a 

thorough and rather time consuming planning process at the beginning. 

This is quite contrary to their usual working practices. As soon as they 

discover it delivers extra value or reduced costs for all involved however, 

they usually become strongly committed. 

 

5 | Case studies lean 
 

In order to get a first feel for the possibilities of a lean approach to building 

projects to increase the cost-effectiveness of the projects, two small lean 

case studies have been done in workpackage 1. For these the cases have 

been used that were selected for the lifecycle analysis and lifecycle costing 

                                                                                       
 
 
 
 
8 Source: http://www.leanworks.nl/ 
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performed in Task 1.1 and reported in D1.1. 9 The cases and the results of the 

lean workshops are described in the following two paragraphs. 

 

5.1   Case Study: SPAIN  
5.1.1 Case Study definition  
The building studied within the AZEB project is placed on plots called A‐32. 
The site is located in the North of Spain, specifically in the area of Salburua, 
at the East part of the Vitoria-Gazteis city and it is one of the growing areas. 
The Madrid-Irún railway lines constitute the Southern limit of the sector. 

Figure 2 Location of A32 

 
Source: Google earth 
 

According to the Köppen climate classification the climate zone of the 
building site is a temperate oceanic climate, Cfb and according to the 
Spanish building regulation, Vitoria-Gasteiz is considered as part of the D1 
climatic zone with cold winters (2ºC) and moderate summers (24ºC). Dayli 
temperature fluctuation is not high, around 10-12ºC all year about. 

Figure 3 A32 Building  

 
Source: VISESA 

 
A32 building is organized , in a U shape. It has a ground floor, 8 resindential 
floors and a under cover floor below deck where the storage rooms are 
located.The 176 flats are organized in five communication cores 
conforming a single building.  
 
 
 

                                                                                       
 
 
 
 
9 Source: 2017, AZEB, D1.1 Lifecycle Costs and environmental performance for case study NZEB’s in operation 
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Table 2 Generic data of the A32 building 

Plots 1 

Building 1 

Dwellings 176 

Gross floor area  15,079 m2 

Heated floor area 12,417 m2 

Garages 184 

Storages 176 

 
The façades are composed of precast concrete panels with internal 
plasterboard and high levels of insulation, reaching a transmittance value 
of 0.35 W / m2K. Particular attention has been paid to the correct insulation 
in the edges of the slabs in the encounter with the concrete panels and to 
the joints of exterior carpentry with facade in order to minimize the 
thermal bridges. The exterior carpentries are aluminum with frames whose 
transmittance is 1.9 W / m2K. The frame and glass assembly has a 
transmittance for the hollow of 1.5 W / m2K. In the case of the cover, the 
transmittance is lower than 0.24 W / m2K, all these values being below the 
normative requirements in force at that time. In order to ensure good 
indoor air quality and user comfort, a double-flow controlled mechanical 
ventilation system with heat recovery and regulation modules at the inlets 
and outlets (damp rooms) of the air has been installed, allowing a greater 
energy savings. Likewise, potential energy losses due to air infiltration have 
been taken care of, paying special attention to the main leakage points 
through cracks in the dwellings (floor / wall joints with walls, joints of 
doors and windows and steps of installations) and seals have been made to 
reduce such infiltrations. 

 
The energy installations are made up of two high performance natural gas 
boilers and 240 kW each, complemented by cogeneration engines with an 
electric power of 5.5 kW and a thermal power of 12.5 kW each. The building 
also includes a photovoltaic installation with a power of 59 kW, which 
covers 430 m2 on the south facade. 

Table 3 specifications of energy facilities 

System Specifications 
Cogeneration (CHP) 2 equipment-12.5 kW (thermal) x2 

High performance boilers 2 boilers- 420 kW (thermal) x2 

Photovoltaic panels 430m2-58.7 kWp 

 
Currently, the cogeneration is not used and the electricity generated by the 
Photovoltaic panels is delivered to the grid. 
 

5.1.2  | Method of lean workshop  
The purpose of this workshop was to identify opportunities to improve cost 
effectiveness by improving cooperation in the supply chain: minimizing 
waste and maximizing value (according to the lean philosophy).  
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Participants of the workshop were: 
 

Role Company Person Professional profile 

Facultative Site Direction SATIE Estudios Técnicos, S.L. Leire Badiola Technical architect 

Facultative Site Direction SATIE Estudios Técnicos, S.L. Jesús Villanueva Architect 

Construction company CONSTRUCCIONES MOYUA, S.A. Jagoba Korta Construction manager 

Independent Architect with NZEB 
experience 

Varquitectos 
Germán Velázquez Arteaga Independent architect 

Public Society for Social Renting (It 
manages renting in this building) Alokabide Carlos Orbea Technical director 

Contracting company 
VISESA Alberto Ortiz de Elgea 

Head of Innovation and 
sustainability 

    David Grisaleña 
Innovation and sustainability 
Technician 

    Javier Amurrio / Ricardo Technical Architect 

Technology Corporation Tecnalia Patxi Hernández R&D Engineer 

  Tecnalia Julen Fernández Energy Engineer 

  
Most participants had been involved in the actual project during one or 
more phases of the project, varying from design phase to use phase. This 
was the first time these participants had come together to evaluate the 
projects process and results. 
 
The agenda of the workshop was to first present the LCA/LCC results of the 
case study. After this a brainstorm was done on possible improvements for 
thebuilding servces and renewable energy sources. Third, a brainstorm was 
done on energy performance guarantee and contracting opportunities. 
After this introduction and discussion, a presentation was done on the lean 
philosophy and the seven types of waste were introduced. Then the 
participants were split in two groups and asked to map the value stream of 
this project and identify opportunities for improvement. These were then 
discussed plenary in the group and conclusions were drawn together. 

 
 

          
 
 
 

5.1.3  | Results from the Spanish lean workshop 
 
The two groups were divided in participants mainly concerned with the 
design phase and participants mainly concerned with the construction and 
use phase.  Making a value stream map turned out to be quite a challenge 
for the second group and to keep the flow in the workshop they were 
allowed to follow a less structured approach and identify the wastes and 
opportunities for improvement by discussing the process and results in free 
format and brainstorming on the eight types of waste. The first group did 
follow the original agenda and created the value stream map in the figure 
below, in which they also pointed out a few incidences that were beyond 
control of the project, but had a large impact on the process and results, 
most notably the regulation changes in feeding tariffs. 



 1.2 | solutions for cost reduction throughout the building supply chain 

 

18 

 

 
 
 
Based on their discussion both groups identified examples of several types 
of waste. It was interesting to see that the two different perspectives of the 
groups led to different accents in the results and this way were 
complementary to each other. 
 
Results of group 1: 
 

Wastes: 

1. Overproduction: - 

2. Inventory: - 

3. Over-Processing: 

- Many different and successive project versions 

- Project management useless works 

- Duplicated projects because of legalization issues 

4. Transport: - 

5. Waiting: 

- Lack of definition of the project 

- Regulation changes 

- Economic crisis 

- Political decisions 

6. Motion: 

- Dedicated resources that go to waste 

7. Defects: 

- Project changes completely when it was just about to be 
tendered 

- Lack of preliminary studies when the project is 

resumed again (Situation may have changed since 

the last time and new preliminary studies should 

have been done) 

8. Waste of talent: - 

 

Results of group 2: 

 
Wastes: 

1. Overproduction: 

- Bad public image: users don’t use their energy 

efficiency systems and don’t see the added value 

of having them. They think that the investment 

in a high efficient building is completely useless. 

- Wasted planning 

Figure 4: Value stream of the project process before construction started, as 
identified by group 1 in the workshop 
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- High efficiency installations mean high maintenance 
cost 

- Low maintenance because of the cost leads to low 
efficiency of the systems 

2. Inventory: 

- Stock 

- Monitoring data stored but not used 

3. Over-Processing: - 

4. Transport: - 

5. Waiting: - 

6. Motion: - 

7. Defects: 

- Bad “quality” of the tenders: they value cost 

over the rest of criteria. This should be 

changed for future projects. 

- Fail in transferring users’ requirements to project 
phase. 

- Lack of definition of the final product 

8. Waste of talent: - 

 

Other opportunities for improvement that were discussed in the first 
part of the workshop are listed next. In blue are the factors that are 
associated with the value chain in some way. 

 

In regard to Renewable Energy Sources: 

• Consider heating by air 

• Energy consumption visualizing  Get real economic savings and share 

the benefits among the users. Don’t just dedicate the benefits to 

maintenance. 

• Geothermal alternatives are expensive in maintenance and 
installation (investment) 

• Aerothermal + photovoltaic: take advantage of exhaust air from HRV 

(Heat Recovery Ventilation) as an input for the heat pump in the 

aerothermal option. 

• Regulatory uncertainty 

• Big gap between European criteria and Spanish government 
regulatory frame 

• This uncertainty can literally tear a project down 

• After regulatory changes in terms of energy during the construction 

was not possible to readress the situation with Iberdrola (main 

energy market player, energy buyer for this project) 

• Heat pumps (individual or collective) + Radiant floor + ventilation 

systems + photovoltaic support (or other renewable electricity 

source) could be the best option for energy efficiency. Maybe with 

an additional heat pump for Domestic Hot Water. 

• Regarding to passive techniques, this case study building is at a very 

high level. This should be the way for the future projects. Wider 

isolation (from 4cm to 10cm) is a trend in the last years, and it is 

supposed to continue this way. 
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In regard to building services: 

• User’s profile conditions (influences) the performance of a building 

and so, it should affect to the design. 

• If there is an investment in the building it should have a good 

performance and finally revert to the users in some way. 

• Knowledge must flow from the technicians to the users. There is a 

lack of knowledge among regular users on how to use some 

technologies that affect to their comfort. 

• Is very difficult to design an efficient building for this type of user 

while fulfilling the European criteria in terms of nZEB (improper 

users, no respect for the installations, no use of technologies). Lack 

of culture conditions the building design. 

• Standard comfort level included in the renting contract, some kind of 

“Minimum comfort pack”. If the user wants extra heating, it would 

be payed apart.  

• Deny or block the possibility of manipulating the energy systems, 

e.g.: Manipulation of ventilation system spoils the building balance 

and makes the energy efficiency systems useless. Locked systems, 

only expert manipulation. Vandalproof design. 

• The standard level is rising in the last years. For the near future 

higher standards in terms of comfort and quality would be the 

regular level. Just like having A/C in your own car: years ago it was a 

luxury feature, nowadays it is a must. Even in social housing high 

quality and comfort standards would be compulsory. 

• Maybe a good practice could be to include the commented new level 

of comfort in the rental charge, and if necessary, the renting 

company (in this case Alokabide) could arrange an instalment 

payment to spread across the year the rising of the fee that could 

correspond to the winter months. 

• A problem to be solved is the gap between the constructor 

investment and the user phase operation. The constructor makes an 

important investment in the building but it is not the operator of the 

use phase, where the investment could be recovered. The operator is 

the renting company. In this type of projects, maybe the 

construction company could be reluctant to make higher 

investments if they are not operating the building. 

• Include in the renting contract the heating, as a standard level or 
guaranty of comfort. 

• How to implement control mechanisms for improper use of 

installations? How to control people sleeping in shifts (“pisos patera = 

boat flats”), people living in the storerooms, vandalism, etc. 

• Building tenders with a limit for budget lowering to prevent very low 

budget winners that could affect to the future quality of the buildings. 

In regard to other technical issues: 

• Integrate in the designing phase the part related with the air 

tightness: design + on site evaluation. Minimize air renovations per 

hour, objective 0.6 renov/h. 
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• Once optimized the air tightness  Generalize air ventilation with air recovery 

(Individual systems might be better?) 

• PVC carpentry instead of aluminium + 3 layers glazing + blinds or curtains 

motorization = cost increase of 10% but energy saving improvement of 50%. 

• CO2 control in dwellings 

• Use more passive technologies in buildings to reduce cost associated to 

maintenance of active technologies. Moreover in buildings with a user profile that 

does not use the active technologies (e.g.: inhabitants not using heating because of 

cost). 

• In this particular building, the project was well defined and the execution 

developed as projected, without surprises  Positive point of the project. 

 
 

5.1.4  | Conclusions from the Spanish lean workshop 
 
These results were discussed in the group. The most important conclusions to be used as 
lessons learned for coming projects were: 
1. Contractors and the professional housing agency that operates the building, should 

have been involved much earlier in the project, so that less redesign would have 

been needed; this is related to conclusion 2: 

2. The contract types known to the participants do not stimulate or even allow for 

integrated work from the start with disciplines from each projectphase: new types 

of contract and maybe also tendering are needed to improve cooperation within the 

supply chain. 

3. End-users characteristics should have been a starting point in the design, because 

user behavior is one of the keys to the eventual performance of the building. 

Coming back to the cost reduction potentials described in Section 2, the Spanish use 
case confirms the following problems and consequently show the corresponding 
potential for cost reduction: 
 
1. The contractual structure and incentives are misaligned with the objective of the 
project. It does not offer incentives for integrated collaboration through all project 
phases. Especially in this situation of new NZEB, where many partners involved are 
still fairly new to the  techniques used, it led to expensive rework as well as the extra 
time associated with this, and has brought on significant extra costs which could 
have been avoided.   The potential solution here is not to contract the project per 
phase (concept & design,  execution and maintenance), but to mainly define 
contextual and functional requirements for the building and then ask for end-to-end 
offers from contractors. The idea is to have all involved parties at the same table 
from the beginning and let the investors and users benefit from the beginning from 
the knowledge of all disciplines that will be involved throughout the lifecycle of the 
building project. 
 
2. Suboptimal owner requirements. Because the end-user (the tenant) was not 
involved in defining the requirements, important information about the expected 
future use of the renewable energy installations was overlooked. The result is that 
very high investment costs and maintenance costs have been made and are being 
made for a service that is not used and thus delivers no value to the user. This is a 
cost that could have been avoided. Or, with some additional measures, it might have 
been possible to assure the use in which case the cost would be justified. In any case 
this experience in the Spanish case study shows the importance of defining 
functional and contextual requirements with all users in the earliest stages of the 
project, so that the proposed solutions can be validated on the wishes of these users 
from the start. This means that the user and the performance he or she wishes from 
the building, as well as expected user behaviour should be central to requirements 
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specification. This then creates the open space for the contractors to propose their 
(innovative and integrated) solutions in. 
 
3. The customers and the society is not really aware of the effects of (lack of)  building 
quality and what potential for improvement in the living quality a NZEB can have. 
Also they are used to a lack of transparency in the sector. They do not compare 
buying a house to buying another product, such as for example a car. If we want 
changes to take place in the value chain, we might start with marketing and 
informative efforts so that the end users start to select and buy their homes in the 
way they buy their cars, complete with performance guarantee. This may be a strong 
and necessary incentive for the building sector to actually involve the customer from 
the earliest phases in their project (product-) development and truly integrate the 
value chain further to increase labour productivity, to increase quality (performance 
on user requirements) and to decrease lifecycle costs. 
 
 

5.2 | Case Study: Netherlands 
5.2.1 | Case Study definition 

The buildings studied within the AZEB project are placed on the plot called 
Weidelande. The site is located in the West of Holland, specifically in 
Hazerswoude-dorp. 

 

Figure 11 Location of Weidelande .Source: Google earth 

 
 

Figure 12 Weidelande 
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According to the Köppen climate classification the climate zone of the building site 
is a temperate oceanic climate, Cfb and according to the Dutch building 
regulation, Weidelande is considered in a climatic zone with cold winters (max 
10ºC) and moderate summers (21ºC). Daily temperature fluctuation is, around 5-
10ºC all year about. 

 
The construction project consists of several buildings. A selection of building to 
carry out the assessment was made so that they could be compared to each 
other. The Dutch study is focused on three blocks, 1.1, 1.2 and 1.5. These blocks 
differ in the type of dwelling. 

 

Figure 13 Orientation of the three blocks 
 
 
 

In block 1.1 and 1.2 the dwellings are built on site. The block 1.1 was built under 
local building regulation from 2003 (EPC energy performance coefficient < 0, 8), 
the block1.2 and 1.5 under current regulations from 2012 

(EPC < 0,6). 
 

Figure 14 Block1.1- Single family houses 
 
 

 
Block 1.2 is so called BeBo dwellings, Beneden/Boven. This block consists on small 
apartments (Downstairs\Upstairs), 12 dwellings in 6 structures 
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Figure 15 Block 1.2 - Small apartments 

 
 

Figure 16 Block 1.5- Single family houses 
 
 
 
 

Table 15 Generic data of the Weidelande project 

 

Plots 1   

Buildings 3   

Block 1.1 1.2 1.5 

Dwellings 9 12 6 

Gross floor 

area 
1580 m2 1502 m2 982 m2 

Heated floor 

area 
1122 m2 1117 m2 767 m2 

Garages 0 0 0 

Storages 9 12 6 

 

 
 Block 1.1 

The façades are composed of brickwork, high levels of insulation and limestone 
elements, reaching a transmittance value of 0,29 W / m2K. Particular attention has 
been paid to the correct insulation in the edges and in the encounter with the 
external carpentries for windows and roofing in order to minimize the thermal 
bridges. The exterior carpentries are PVC with frames whose transmittance is 1,4 
W / m2K (U ).The frame and glass assembly has a 
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transmittance for the hollow of 1,1 W / m2K (U ). In the case of the cover, the 
transmittance is lower than 0,29 W / m2K, all these values being below the 
normative requirements in force at that time. In order to ensure good indoor air 
quality and user comfort, a double-flow controlled mechanical ventilation system 
with heat recovery and regulation modules at the inlets and outlets (CO2 in the 
living rooms) of the air has been installed, allowing better energy performance. The 
potential energy losses due to air infiltration have been taken care of. Special 
attention is payed to the main leakage points through cracks in the dwellings (floor 
/ wall joints with walls, joints of doors and windows and steps of installations). Cell-
band seals are applied in all dwellings to limit the extent of infiltration. 
Every dwelling has its own heating system using high performance natural gas 
boilers of 28kW each. 

 
 Block 1.2 (BeBo dwellings) 

The dwelling on the ground floor have their entrance direct on the street, the 
dwelling on the 1st floor are accessed from the south side using a common open 
corridor, with staircases at both block endings. 
The façades are composed of brickwork, high levels of insulation and limestone 
elements, reaching a transmittance value of 0, 29 W / m2K. Particular attention has 
been paid to the correct insulation in the edges and in the encounter with the 
external carpentries for windows and roofing in order to minimize the thermal 
bridges. The exterior carpentries are PVC with frames whose transmittance is 1, 4 
W / m2K (U ). The frame and glass assembly has a transmittance for the hollow of 1, 
1 W / m2K. In the case of the cover, the transmittance is lower than 0, 29 W / m2K, all 
these values being below the normative requirements in force at that time. In order 
to ensure good indoor air quality and user comfort, a double-flow controlled 
mechanical ventilation system with heat recovery and regulation modules at the 
inlets and outlets (CO2 in the living rooms) of the air has been installed, allowing 
better energy performances. The potential energy losses due to air infiltration have 
been taken care of. Primarily special attention is paid to the main leakage points 
through cracks in the dwellings (floor / wall joints with walls, joints of doors and 
windows and steps of installations). Cell-band seals are applied in all dwellings to 
limit the extent of infiltration. 

 
Every dwelling has its own heating system using high performance natural gas 
boilers and 28kW each. A photovoltaic installation with a power of 7,97 kW, is 
mounted on the south side of de roof. Every dwelling has its own inverter. 

 
 Block 1.5 

The façades are composed of brickwork, high levels of insulation and limestone 
elements, reaching a transmittance value of 0,29 W / m2K. Particular attention has 
been paid to the correct insulation in the edges and in the encounter with the 
external carpentries for windows and roofing in order to minimize the thermal 
bridges. The exterior carpentries are PVC with frames whose transmittance is 1,4 W 
/ m2K (U ). The frame and glass assembly has a transmittance for the hollow of 1,1 
W / m2K (Ugl). In the case of the cover, the transmittance is lower than 0,29 W / 
m2K, all these values being below the normative requirements in force at that time. 
In order to ensure good indoor air quality and user comfort, a double-flow 
controlled mechanical ventilation system with heat recovery and regulation 
modules at the inlets and outlets (CO2 in the living rooms) of the air has been 
installed, allowing better energy performances. The potential energy losses due to 
air infiltration have been taken care of, for every block slightly different. Special 
attention is paid to the main leakage points through cracks in the dwellings (floor / 
wall joints with walls, joints of doors and windows and steps of installations). Cell-
band seals are applied in all dwellings to limit the extent of infiltration. Extra seals 
have been applied in block 1.5 to improve infiltration performances. 

 
Every dwelling has its own energy installations using high performance natural gas 
boilers with 28kW each. 
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Table 16 Specifications of energy facilities for Holland case study 

 
System Specifications 

Gas Boilers HReco Intergas 28/24 kW 

Hot tap water Combined in heating boiler 

Photovoltaic panels On BeBo block (1.2) 57,6 m2 PV / 7,97kW 

 
 

 

5.2.2  | Method of lean workshop  
The lean workshop in this case study had a different focus from the Spanish one, in 
order to try and capture other opportunities for cost reduction within the supply 
chain. Participants of this workshop were all employees with the main building 
contractor of the project, Ballast Nedam. The six participants were involved in 
either purchasing, project management, project planning or costing. 
 

 
 
 
Focus in this workshop was specifically on the process of costing during the 
lifecycle of the project. First an introduction was given on the philosophy of lean 

and the LCC and LCA 
results of the case study 
were presented. Then the 
group made a value 
stream map of the costing 
process by first identifying 
all roles involved, then 
assigning activities, 
information products and 
information channels to 
the different roles and 

then clustering activities. For each activity it was determined who performs the 
activity, what is needed for performing the activity (channel, information, a trigger 
etc), what output comes from the activity and which issues are related to the 
activity. This was done for the complete process from start to end of the project, 
and critical activities and issues were identified. 
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5.2.3  | Results from Dutch lean workshop  
 
 
The table below contains an overview of the issues that were identified and 
discussed during the workshop. 
 

Table 4 Issues for improvement - identified during the Dutch lean workshop 

No

 
Step in the process Description of Issue  

1

 
Request for cost calculation from project developer to cost 
specialist  Cost specialist receives incomplete documentation  

2

 
Offering and explaining quotation Price too high, doesn’t match the budget 

3

 
Process optimization with subcontractors "What 's in it for me" – Insecurity of production, no sharp price 

4

 Process optimization with subcontractors 
Subcontractors no aligning amongst each other about execution so efficiency measures 
cannot be taken into account in costing process 

5

 
Pricing of provisional design Adapting and optimizing time and time again. 

6

 Pricing of definitive design Adapting and optimizing time and time again. 
7

 Costs and profits of main contractor and subcontractors. 
Insufficient transparancy in cost/profit ratio causing decreased trust amongst each other and 
preventing cost optimization   

8

 Request prices from suppliers Client agrees late in the process. High chance that prices are higher by then.  
9

 
Drawing up sales documents  Sales documents are incorrect or incomplete 

10

 Buyers wishes 
Commercial opportunities in buyers options are not inserted in sales document or customer 
offers (for example to offer two dormers instead of one with a price advantage) 

11

 Time between start of the project and realisation can be long  Risk of loosing potential buyers 
12

 
Time between start of the project and realisation can be long Price indicated by real estate agent insecure (higher or lower)  

13

 
Request for building permits Risk of denial of permit or adaptation of the request by municipality involved  

14

 
Buyers wishes Risk of buyer options that do not meet the starting points in the costing process 

15

 
Building process Questions on execution and material 

16

 
Choosing other materials because of collective purchasing  Deviation from technical description 

17

 Buyer options 
Only limited number of options is calculated and therefore each new request has to be 
calculated separately again.  

18

 Purchasing 
In the design only a limited number of changes in choice of materials is possible(for example 
no wider cavity is possible to allow for different insulation materials)  

 
 
 

5.2.4  | Conclusions from Dutch lean workshop  
 
The main opportunities that were identified in and from this workshop to improve 
cost-effectiveness in the project process were: 
 
1. The relationship of the main contractor with its subcontractors and that of 

subcontractors amongst each other could be improved so that:  

a. more transparency in ratio turnover/profit could be reached for 

each subcontractor and mutual trust could be improved possibly 

resulting in cost-optimization in the collaboration. 

b. More aligning of activities of the different (sub-)contractors could 

take place in the execution process so that execution can be more 

efficient and cost optimization can take place 

c. Longterm relationships would reduce the subcontractors worry 

about insecure production quantities (which leads them to a 

“what’s in it for me?”- attitude that does not foster strong 

relationships)  and free the way for sharper prices/investment of 

subcontractor in cost reduction measures. 

 

This seems to again, as also found in the Spanish case study, indicate 

opportunities for different types of contracting practices, integrated working 

across the supply chain, lean planning  or even value chain integration.  
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Again this case study confirms, that the way in which building projects are 
being realized is often suboptimal. The separation of different phases and 
tasks and their assignment to different companies which act as solo-players 
leads to suboptimal collaboration. If these companies would act as one 
company, using integrated contracts with an integrated offer for the all 
phases of the project and a transparent calculation for the lifecycle costs, this 
could avoid many of the indicated issues. 

 
2. There is only limited possibilities for change in the design by the time costs 

are calculated, therefore it is difficult to explore opportunities for cost 

reduction by e.g. choice of materials. 

 

This indicates opportunities for earlier and deeper involvement of cost 
engineers in the design process, and for implementing value engineering 
techniques. Furthermore, this confirms the argument layed out in section 2 
and 3 of this document, that the investors should be able to choose from the 
beginning between predefined and well-known “lego blocks” where costs and 
performance, such as energy efficiency, have been tested and can be assured 
from the beginning. Really the ultimate goal may be to go closer to an 
industry with OEMs as main players where the parameters of a product are 
pre-defined and a change in some component has clear influence and output. 
A short term solution is to at least involve cost engineers with the other 
disciplines in an integrated method for design, very early in the project. 

 
3. Cost specialists often receive incomplete or incorrect information or 

information keeps on changing or is (too) late. Costing seems not to be an 

integrated part of the project development process, but rather a 

thermometer sometimes put in.  

Applying value engineering techniques right from the start of the project and 
including cost engineers in the design team might be an opportunity to gain 
more control over the costs and better optimization of the value. The terms 
“design-for-value” and “engineering value into the product” already imply 
that cost specialists should be full members of an integrated design team. 
Even in the current building value chain opportunities can be created for 
applying this approach. 
 
One step further the strategy towards using more standardized products for 
creating tailor made buildings (legolizing) would make the costing process 
more effective because of the strong reduction in the number of variables. 
Systematically evaluating and improving former projects and predefining 
and optimizing the building specifics would make buildings comparable and 
give proper insight to the cost effect of the choices made. Learning and 
continuous improvement, which is now often lacking in the sector, is then 
stimulated and made relatively easy. Standardizing the figures and 
parameters also makes value engineering easier. The opportunity to apply 
this costing approach is of course much higher in a “legolized” building sector 
with OEMs working in integrated contracts, than in the fragmented sector of 
today.  
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6 | Conclusions: overview of solutions for cost 
reduction throughout the building supply chain 
and the implications for AZEB 

 
In order to discover and describe cost reduction techniques, we need to first 
analyse the reasons which lead to high costs and then find a way to counter them. 
Focus in this document is specifically on reasons for high costs of NZEB’s 
originating in the make-up of the current building value chain.  In the first chapters 
of this document we used some theoretical frameworks and recent research results 
as pointers for improvements in the value chain in order to reduce costs for NZEBs.  
Most statements that we derive in the current paper concern the NZEB projects, 
but could be also apply directly to standard buildings, because the supply chain is 
the same. However, conventional projects can be executed relatively cheap due to 
compromises with material and construction quality, but this shortcut is not 
possible (nor desirable!) for NZEB, making these potential solutions for cost 
reduction really decisive for NZEB projects. 
 
One theme in this document was the comparison of the building industry with the 
manufacturing industry. The main difference between these industries is 
considered to be the type of products – we are used to looking at buildings as 
something unique and tailor-made, whereas for examples cars, or TVs are 
something which comes in series. Even though in fact the trend in these industries 
for the past decades has been to maximize customization (uniqueness) within its 
production methods. Somehow professionals as well as  users continue regarding 
buildings as a non-manufacturing product, not comparable to these other types. In 
the first chapters a convincing argument is made on how the building sector might 
also reap the benefits from the methods used in the manufacturing industry and 
significantly increase labour productivity and performance of the buildings 
(products), while at the same time significantly reducing costs.  
 
Although some characteristics seem to make buildings a unique product, for 
example geographic location and construction site elevation, it is debatable 
whether this means they cannot be compared to other manufacturing products. 
Moreover,  the exploitation of economies of scales in the manufacturing sector 
clearly shows that if you want to structurally reduce costs, you need to standardize 
as much as possible. So the first main cost saving potential is in the question: how 
can we standardize buildings?  
 
Standardization does not necessarily mean that all buildings will be the same . We 
can see for example, that a lot of cars use the same engine from the same supplier, 
but look completely different and are marketed by a different firm and/or under a 
different brand name. Even within a brand and within a specific type of car of that 
brand, a customer can create its own specific look for the product by combining  
the many options there are to choose from when buying the car. This does not 
jeopardize the effectiveness and efficiency of  the manufacturing practice, because 
all options are in fact also standardized in the production process. Why can this not 
be possible for buildings? 
 
The implication for the building sector then, is for contractors to really team-up 
with suppliers and develop ready to use “components” for the buildings – e.g. 
ground plates, interiors and exterior walls, platforms for balconies, roof 
constructions and so on. These components should be from the same family so 
they can technically be combined into different variants, concepts, designs. This 
way the benefits of standardization are combined with the possibilities of custom-
made products. When these components are then tested in real projects and their 
performance and costs are documented, and can be systematically improved. The 
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contractors will now be able to offer the customers or investors ready to use 
solutions, which can be tailor made to their wishes, and will be able to further 
reduce costs due to strongly reduced variability in the planning and the execution.  
Also it will be much easier to give performance guarantees to customers using this 
approach, because risks of failure are significantly lower. The rise of these 
performance guarantees in their turn are expected to stimulate buyers and 
investors even more to choose well-built NZEBs and to be critical towards old style 
and risk-prone contracting methods. This way demand in general will be 
transformed, which ultimately must lead to transformation of the value chain also. 
 
Of course the above is a more extreme integration within the value chain, it is in 
fact a true transformation. This document also points to some solutions that are 
less radical, but might already lead to strong improvements in the existing value 
chain. Especially for the short term these solutions might be more suitable for 
many organisations to start with.  
 
The main solutions that arise from the theoretical framework presented as well as 
the two case studies described in this project are summarized below. These 
solutions for cost reduction throughout the supply chain will be optimized within 
the AZEB project, integrated in the methodology and then translated to tools and 
training material for dissemination within the building sector. 
 
Solution 1: 
 
Involving all stakeholders from the start, creating explicit functional 
requirements as a starting document and applying continuous validation in all 
project phases 
 
In the first place a project should from the initial start collect functional 
requirements from the stakeholders of all project phases. All relevant disciplines, 
users and other stakeholders should be involved in formulating the desired 
performance of the building throughout its lifecycle. Not the technical solutions, but 
the true value lying behind these technical solutions. To extract these functional 
requirements stakeholders should be stimulated to explore their context, their 
needs and desires, their habits and all else that might be relevant from their 
perspective. These requirements can be integrated into a document, e.g. “client 
requirements specification”, which contains an overview of all relevant 
stakeholders and per stakeholder the specific requirements for the end-result. This 
client requirements specification can for the project team as well as for all 
stakeholders, serve as a basis for validation of the solutions that will be proposed 
during the project. Ideally one should be able to trace the technical solutions and 
each detail in them, back to one or more functional stakeholder requirements: how 
does this specific solution contribute to fulfilling the client’s (or stakeholder’s) 
needs?   
 
Validation means you test whether the wishes, the desires, the needs of the client 
and/or other stakeholders are fulfilled by the proposed solution. Validation should 
be a core and continuous activity during the design and realisation stages of the 
project, but is usually overlooked in favour of the commonly used verification. 
Verification only means that the technical requirements are met, but says nothing 
about the extent to which these technical specifications fulfil client needs. This is 
where often gaps arises between designers and technical specialists and the actual 
users of the building, as in the case of the Spanish case study. Even if verification is 
done regularly and correctly (and often this is even not the case), validation is 
needed to ensure a satisfactory result. And good validation during the project is 
only possible if all stakeholders functional requirements are made explicit at the 
beginning of the project. This way a clear playing field is created for the 
professionals to design and realize their technical solutions in, which effectively 
and efficiently directs their efforts which prevents rework, failures in performance 
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of the end product and other wastes. This way it also has a strong potential for 
reducing costs.  
 
Within AZEB, notably workpackage 2 and 3, this solution can be integrated in the 
AZEB methodology and tools will be further developed and disseminated for 
implementation of this solution in the sector.  
 
Solution 2: 
 
Implementing contracting practices that stimulate integrated working methods 
from the start of a project, allow for a guaranteed performance and stimulate 
transparent cost optimization throughout the value chain. 
 
Traditional contracting practices separate contracts in design phase, in realization 
phase and in user (maintenance) phase. And even within these phases, especially 
the realisation phase, much use is made of subcontracts in addition to the main 
contract with the client. These traditional contracts prevent integrated working 
between the main disciplines (designers, architects and user/maintenance 
specialists) and thus often result in suboptimal designs, rework, failures and other 
wastes of resources.  
 
Also these contracts obscure the true costs in the value chain to come to the end 
product. There is lack of transparency in the ratio turnover/profit for each player in 
the value chain and how these add up to the final cost. Because of this lack of 
transparency incentives to improve the ratio and/or improve the overall cost 
effectivity in the value chain are lacking.  
 
These issues clearly appeared in both case studies, from different perspectives. It 
already turned out to be impossible in the lifecycle analysis that was done for both 
case studies, to make explicit the costs related to the value chain or even of driving 
the organization, failure costs et cetera. The figures are simply unavailable. 
Unavailable even within one organization, let alone throughout the value chain as 
a whole.  
 
A new generation of contracts, including alliances and performance agreements, 
can make new (integrated) ways of working possible throughout the value chain 
and facilitate cost optimization across the projects lifecycle, even trancending the 
organisational borders. 
 
Within AZEB this solution will be integrated in the methodology and tools will be 
developed and disseminated for alternative contracting practices to apply in 
building projects and new business models within the value chain. 
 
Solution 3:  
 
Using structured and proven methods to collaborate in a multi-disciplinary 
setting. 
 
Even when all involved are convinced of the benefits of integrated working, are on 
the same table and maybe even already in the right contractual setting, then still it 
requires a specific mindset and specific skill to collaborate effectively and truly 
integrate all insights and perspectives into an integrated optimal and cost effective 
solution. This mindset and skill is not yet (fully) developed in the most of the main 
players. It is however crucial for the ultimate success of any transformation 
towards more integrated working or even a more integrated supply chain and 
hence crucial for significant cost reduction in NZEB’s. Fortunately in the past 
decades several methods have been developed to aid in this process. These 
methods have already proven themselves in other industries and are increasingly 
experimented with in the building sector. Well known and very applicable to the 
building sector are, amongst others, lean, systems engineering, value engineering 
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and asset management. Besides the obvious ‘technical’ competencies needed to 
apply methods like these, the main challenge when implementing these is in the 
adoption of a systems view and in the developing of the ‘soft’ skills of process 
guidance and cultural change.  
 
Within AZEB this solution will be integrated into the methodology and several 
tools for implementation of the above mentioned methods, will be disseminated 
for the building sector, as well as guidance to develop the needed collaborative 
‘soft’ skills. 
 
Solution 4: 
 
Developing new business models for the players in the building value chain 
 
If we aspire to transform the value chain into a truly cost effective one, as described 
in the different examples throughout chapters 2 and 3 of this document, new 
business models will be needed for the current players.  
 
Within AZEB we will explore new possible business models, by researching 
examples from within and outside of the building sector. The principles behind 
these might be used in the methodology, the different models themselves will be 
disseminated for inspiration and practical use by players that wish to transform 
their organization and partnerships towards a new reality of the building value 
chain. 
 
Solution 5: 
 
Applying costing methods to projects from a value stream perspective 
 
In the case studies it proved to be difficult to assess the real project costs, including 
for example costs of different kinds of waste throughout the value chain. In 
accounting alternative costing methods have been developed to integrate these 
kinds of costs with the traditional costs identified. Activity based costing and value 
stream costing are examples of these. These methods of costing might be more 
appropriate for decision making during all project phases of the realization of 
NZEB’s. Also the target costing as used within the lean approach is very promising 
to achieve cost reduction in NZEB’s. 
 
As a result of these case studies, we are encouraged as AZEB to identify and explore 
relevant costing processes and integrate these into our methodology. Tools and 
best practices for applying these might then be disseminated in workpackage 4 
and 5. 

  


