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Abstract 
With a large potential energy savings achievable through extensive renovation of the existing 

residential building stock, and ownership of dwellings built from 1960-75 consolidated in relatively few 

social housing companies, who are potential agents of change in the construction industry as a whole 

through the huge building mass they represent. 

 The examination of contemporary case studies will elaborate on the untapped potential to construct 

sustainable renovations of existing buildings through extending the concept of Integrated Product 

Deliveries (IPD) through incorporation of Product Service Systems (PSS) for construction components 

and services. 

A grounded understanding of these concepts will permit independent compatible systems, products 

and components to fuel further development of socially responsible and robust tools for architects, 

planners, builders and their clients as they work towards producing sustainable buildings in the future. 

 

Background 

Renovation of existing buildings is one of the most important future tasks for architects, engineers and 

construction firms. The growing awareness of our society’s energy consumption has put renovation 

and development of the existing building stock high on the list of priorities for politicians and building 

owners. Recent changes to laws and building regulations defining current and future limits to the 

energy consumption of buildings reflect this process1. In a Danish context this development resulted in 

two new low-energy building classes, the 2015-class and 2020-class. Both were released in 2011 by 

the Danish Business and Building Authority2 to set lower limits to the energy consumption of future 

buildings, providing a roadmap of legal guidelines to the construction industry with regards to limiting 

the energy consumption of buildings up to 2020. 

The new regulations do not force renovation of the existing building stock, but are playing a key role to 

create incentives to start renovation projects with a stronger focus on energy consumption. On a 

societal level a recent study from the Danish Building Research Institute (SBI) calculates potential 

                                                        
1 Directive 2002/91/EC of the European Parliament and of the council of 16 December 2002 on the 
energy performance of buildings. 
2 Translated from Danish: Erhvervs- og Byggestyrelsen (EBST). Since January 2012 under the 2 Translated from Danish: Erhvervs- og Byggestyrelsen (EBST). Since January 2012 under the 
jurisdiction of the Danish Energy Authority (Energistyrelsen, ENS) . 



energy savings upwards of 72% in residential buildings, achievable through extensive renovation of 

the existing building stock (Kragh and Wittchen 2011, 18ff). 

The Danish building stock is unique in that approximately 30% of all buildings were built between 1960 

-1975. To overcome a severe housing shortage, industrialized building methods3 were developed and 

immediately put into practice. Buildings from this period share modular dimensions, materiality, and 

construction technologies as several construction firms developed comparable building systems all 

utilizing engineer P.E.Malmstrøm ‘s joint-system developed in the early 1960s4. 

 

Methodology and aim of the study 

The research presented has been built-up around a range of renovation project case studies of social 

housing blocks in Denmark. Projects were chosen to focus the research on state-of-the-art façade 

refurbishment renovation projects and to document the development of the solutions implemented 

since the Danish low-energy consumption guidelines came into force. 

Cases relevant for this paper are Urbanplanen, Copenhagen (2005-09)5, Rækkehusene - Brøndby 

Strand (2006-)6 and Heimdalsvej, Frederikssund (2010-)7. 

 

Figure 1: Case studies, before and after/during renovation 

The research question for this paper – “What is the potential of extending the concept of Integrated 

Product Deliveries (IPD) towards Product Service Sytems (PSS) in renovation projects?” – has been 

applied to identifying preconditions, client requests and legal barriers in the different case studies. But 
                                                        
3 The period 1960-75 is also called ”Montagebyggeri” or ”utraditionel byggeri”, which can be translated 
as ”prefabricated construction” or ”non-traditional construction”. 
4 P.E. Malmstrøm favoured the idea of an ”open system” for prefabricated building, where all 
construction firms use the same types of joints (and elements) for their building. His jointing system 
was adopted by the three major Danish construction firms Larsen&Nielsen, Jespersen & Søn and 
Højgaard & Schultz (Gravesen 1977, 27). 
5 Responsible for planning and construction: Team 100%, joint-venture of JJW arkitekter, 
Enemærke+Petersen, 3B, Dominia, GHB landskab and Witraz arkitekter. 
6 Client: Brøndby Boligselskab v. Lejerbo, BO-VEST, PAB, BAB/DAB, architect: WITRAZ, construction 
firm: Enemærke+Petersen. 
7 Client: Boligselskabet Rosenvænget / DOMEA, architect: Mangor&Nagel, construction firm: Jönsson 
(UNS4/ÖHS, JJW arkitekter, Moe&Brødsgaard). 



while all in all cases IPDs have been utilized, it has to be pointed out, that neither of the case studies 

actually was setup as a PSS. In the case of Urbanplanen a PSS-like situation as recently been 

achieved, as the construction firm also won a service contract for all renovated buildings for the next 

couple years. 

URBANPLANEN ENEMÆRKE+PETERSEN E+P SERVICE ?
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HEIMDALSVEJ

raw material extraction production construction use + maintenance end-of-life
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Figure 2: project stages and responsibilities in case studies and in a possible IPD/PSS scenario 

The research presented is formatted as a position paper, with the goals of enabling discussion, 

motivating further research, and possibly encouraging stakeholders to begin development based on 

the presented combination of concepts. 

 

The concept of Integrated Product Deliveries. 

Integrated Product Deliveries (IPDs) are complex building products, which integrate such various 

tasks as planning, product development, production/construction and service/maintenance into a 

single entity. IPDs encompass both on and off-site works, taking into account all raw materials, 

building products and labour required for delivery. The advantage lies in the reduction of complexity 

during the construction process. During the development of an IPD, many non-project-specific tasks 

are integrated into a single delivery. The product aspect and the work aspect may be seen as integral 

dimensions of a complex delivery (Vibæk 2011, 75). 

In opposition to project-based development, which is “not efficient if know-how is not systematically 

collected ad implemented in future projects” (Beim, Nielsen, and Vibæk 2010, 6), IPDs undergo a R&D 

process with the aim to make them applicable in a variety of building projects8. 

IPDs can be regarded in principle as modules joined together with other IPDs (and/or other on-site 

works) into the final product - the building. These modules require both a specific function and a 

specific interface to other modules (Hvam, Mortensen, and Riis 2007, 42). 

IPDs are thought to reduce complexity as ideally they offer solutions to a specific building need, for 

example an “indoor climate solution” or a “lighting solution”9. As the delivery is fulfilled through its 

                                                        
8 IPDs also represent the knowledge built-up over the course of a variety of construction projects, 
which leads to more robust building solutions. 
9 For example, an ”indoor climate solution” may consist of the facade and a ventilation system, or a 
”lighting solution” could be a daylighting-optimized window-system, in conjunction with artificial lighting 
to serve a desired lighting level. 



use10, the supplier of the IPD should also be responsible for maintaining quality and functionality 

during the use phase (Mikkelsen et al. 2005, 3). 

 

The market potential for renovation of multi-storey residential buildings 

Figures from Statistics Denmark (DST) and the Danish Association of Social Housing Companies (BL) 

show that approximately 59% of all dwellings built from 1960-75 are owned by relatively few social 

housing companies11. Roughly 57% of these are multi-storey buildings with similar construction 

standards using prefabricated building elements typical of their time. 

In general there are two different typologies: in the 1960s, buildings were mostly built with load-

bearing inner walls and light facades, while in the 1970s load-bearing facades and light inner walls 

were favoured, facilitating changes in the apartment’s plan. 

Despite sporadic renovations over the last 40 years, most of these buildings suffer from severe 

defects with regard to the construction details and the facades; and as a result, the indoor climate. 

Furthermore, most of these buildings are lacking adequate insulation and building technology to 

comply with modern standards of energy consumption. In renovating these buildings there are two 

foci: façade renovation (energy-focused) and upgrading of the apartments internally (social / usability 

focus). 

Expressed in total figures, there are potentially upwards of 29 million m2 of living space awaiting 

renovation in Denmark. This will affect the living conditions of approximately 10% of the Danish 

population. 

These figures show the great market potential for solutions regarding renovation of multi-storey 

residential houses built in the period 1960-75, which could be executed on the same legal, financial, 

and technical premises . 

 

Political perspective and client requests 

The potential market for renovation of subsidized housing buildings has already been pointed out by 

The Danish Agency for Trade and Industry (EFS) in 2000. The report “Byggeriets Fremtid – fra 

tradition til innovation” (“The future of building – from tradition to innovation”) underlines: 

The subsidized housing sector should be pioneering construction, and ensure the 

achievement of the highest quality for the best price, not only in respect to technical and 

functional qualities, but also qualities such as architecture, accessibility and the minimizing of 

environmental impacts related to construction. 

Owners of subsidized housing units should through their building activity help to develop the 

building sector, help to build-up new skills and promote the new industrialisation of the 

construction industry.(Erhvervsfremme Styrelsen (EFS) 2000, 67) 

                                                        
10 Thereby returning the results of the solution to the owner/user 
11 The National Association of Social Housing Companies (Boligselskabernes Landsforening, BL) has 
650 members, of which approximately 540 own multi-storey residential buildings. Social housing 
companies strongly vary in size. Furthermore, about 70% of all the dwellings in this sector are owned 
by the 48 social housing companies that are members in “Almennet” (Kirchhoff 2012). 



The points expressed in the above citation are still valid today (2012) and should be pursued in order 

to change the way we build towards “sustainable building”. Also of note is the identification of “owners 

of subsidized housing” as potential agents of change in the construction industry through the huge 

building mass they represent. 

Through interviews with representatives from social housing companies, architects and construction 

companies, I found that clients from the subsidized housing sector require renovation projects to be 

1. Financially secure, both for building/renovation cost, and cost from operation 

2. Built with high quality craftsmanship and materials 

3. Non-disturbing for the residents, meaning that the amount of time a single resident is limited in 

the use of his/her apartment is reduced to a minimum. 

4. Focussed on energy savings to reduce future operational costs 

5. Planned for a life cycle of 30 years (the expected financial service life, due to the term of 

standard bank loans) 

 

These findings stand in a clear contrast to the political perspective from 2000. It seems that today, 

social housing companies have a strong focus on financial security, which limits their interest in 

investing into pilot projects or taking part in product developments together with construction firms.12 

Another barrier is the current “out-dated tender system that excludes the manufacturer from 

participation in the preliminary phases of a project” (Beim, Nielsen, and Vibæk 2010, 6) and the 

requirement that a building client may not be bound to a single manufacturer/supplier. In 

consequence, this situation creates a low incentive for construction firms to invest into the 

development of renovation solutions, aimed at the social housing sector. 

Another interesting point is that sustainability does not seem to be a parameter for social housing 

companies. There exists an interest in energy savings and cost-efficiency, but only with regard to 

securing a project’s (and resident’s) economy13. 

Renovation projects of social housing have to be financed mainly through income from rents, with 

possible financial support from the two major institutions “Landsbyggefonden” (The Danish Building 

Fund) and “Byggeskadefonden” (The Building Damages Fund). Both institutions are state-owned and 

may only support eligible renovation projects, and only to the extent as defined by law. In 

consequence, the financial means are quite restricted for renovation projects in the subsidized 

housing sector as compared to similar projects in the private sector. This restricts the gamut of 

possible solutions. This is immediately apparent in the materiality of renovation projects found in 

Denmark today. Maintenance-free materials such as slate, fibre cement boards and/or glass as façade 

cladding14 are the overwhelming preference. 

                                                        
12 Interview with anonymous source at the level of a client design advisor in a large Danish housing 
company, 04.10.2011. 
13 Interview with anonymous source at the level of a client design advisor in a large Danish housing 
company, 04.10.2011. 
14 Interview with Sidsel Blegvad og Dag Prestegaard, Witraz arkitekter, 18.06.2012 



In addition, neither of the two funds may support renovation projects that are undertaken solely to 

reduce a building’s energy consumption15. 

 

Another major aspect in renovation projects is the potential interference a renovation project has upon 

the daily lives and privacy of the residents. There are currently two options available while renovating 

dwellings: 

1. Moving all inhabitants to different apartments, usually not in the same quarter / location 

2. Renovating while the buildings are in use 

 

The latter is often favoured, as the moving and administrative expenses are avoided. The 

disadvantages include  a more complicated renovation process, requiring thorough time-planning, and 

certain types of renovations cannot be executed, such as replacing all interior surfaces or re-planning / 

adaptation of the dwelling’s interior plan. Furthermore, it is required to inform all residents properly and 

prepare them with regard to the consequences of the building works within their apartments.  

Residents of subsidized housing departments are normally offered to take part in hearings during the 

planning process, or in some way give them the opportunity to express their wishes and to gain some 

influence on the outcome. Unfortunately, most residents do not choose to inform themselves or take 

part in the public hearings, leaving the planners and construction firms with the task of contacting and 

informing residents individually during the renovation project16. 

Construction firms have identified the management of the resident contact as both productive, in the 

sense of creating an extra value for both parts, and financially profitable, reducing or eliminating costs 

resulting from misunderstandings and resulting time delays or court cases17. 

As a result, we see more and more construction firms streamlining their building process in order to 

reduce the time that an apartment cannot be used by the tenant. One possible approach is the use of 

IPDs, with just-in-time deliveries of prefabricated elements to the building site enabling short 

assembly/erection times due to defined module interfaces and predefined on-site workflows. One 

example from the earlier named case studies is the renovation of façades. In the Heimdalsvej and 

Brøndby Strand case studies, deliveries have been used that allow exchanging the façades of an 

apartment during a single workday (8 hours), including interior finishes -basically while the inhabitants 

are at work. 

Social housing companies currently favour this solution, with winning tenders being construction firms 

offering this type of façade renovation18.  

                                                        
15 This fact leads to problem that even recently renovated buildings do not necessarily comply with 
newer energy standards. As energy consumption is a relevant factor in the budget of social housing 
companies’ alternative solutions, Energy Service Companies (ESCOs) are used to ensure a certain 
energy-price level, with the disadvantage that the original problem (the high energy consumption of 
the building) has not been solved. 
16 Interviews with Dag Prestegaard, Witraz arkitekter, 12.06.2012 and an anonymous source at the 
level of a project manager for a medium-sized Danish contractor, 29.05.2012. 
17 Interview with anonymous source at the level of a project manager for a medium-sized Danish 
contractor, 29.05.2012. 
18 Interview with anonymous source at the level of a project manager for a medium-sized contractor, 
29.05.2012. 



 

Sustainable Integrated Product Deliveries 

There are few IPDs currently on the Danish building market. Some examples are the NCC shaft 

system, or add-on balconies by altan.dk. But none of the producers or construction firms that have 

developed IPDs has placed weight on the sustainability of these products. However, a majority of 

producers claim that the industrialised production approach does create less waste, and that 

resources are used more effectively than allowed under traditional production methods (Beim, Nielsen, 

and Vibæk 2010, 161).  

 

One main reason for the little interest in developing sustainable building products is the low price for 

building materials. In the case of the earlier mentioned façade renovation system, the basic material is 

timber, which still is cheaper to obtain as new material than recovering it from used façade elements19. 

For future developments of sustainable IPDs it would be necessary to implement strategies for 

sustainable production. Most important will be to take the whole life cycle into account and not only the 

cradle-to-gate stages as done by the earlier named IPDs. Secondly, it will be necessary to calculate 

and assess the impacts to allow comparison of building solutions. 

IPDs may be classified into two basic types: “sustainable by design” and “sustainable by use”. The first 

focuses on impacts caused by the production processes, used materials and transport20, while the 

second focuses on making the whole delivery more sustainable during the use stage of the building21. 

 

Extending Integrated Product Deliveries to Product Service Systems 

Following Oksana Mont’s definition of Product Service Systems: 

A product-service system (PSS) is 

• A pre-designed combination of products and services in a market that can fulfil 

consumers’ needs; and 

• A dematerialised solution to consumer needs and preferences; (“leasing” / “service”) 

• A result of rethinking of the product value chain and ways of delivering utility to customers 

that will have a smaller environmental impact than separate products and services outside 

the system. 

(Mont 2000, 35) 

 

A PSS seems to be a promising extension of the concept of Integrated Product Deliveries. IPDs have 

the advantage of integrating the complexity of planning, designing, producing and installing in one 

package and are ideally produced in an industrial context. Re-thinking them as services will feed the 

market with the requested financial security, lower risk when deciding on a certain product, and result 
                                                        
19 In case of the Brøndby Strand project, it was part of the delivery to recycle building materials from 
the existing facade elements. Nevertheless, these recovered (and sorted) materials where not reused, 
but given to a recycling firm. 
20 E.g. a facade element 
21 Such as services that influence user behaviour regarding energy consumption (monitoring systems) 
or maintenance/tuning services that are carried out in the buildings use stage. 



in reduced environmental impact due to the greater product responsibility held by the owner of the 

IPD. 

The major advantage of combining the two systems is the incentive created to make the product more 

robust to be able to serve as a long-time service. Removing the point of sale will encourage the owner 

of the IPD to alter the product accordingly: 

The sale of products does not encourage a closed cycle economy because at the point-of-sale 

the responsibility for the user phase and the disposal is transferred to the customer; it is the 

customer who decides what is to happen to the product after use. 

The sale provides no incentive for the manufacturer to supply goods, which have a long life or 

are reusable. (Mont 2000, 35) 

 

The greatest challenge for sustainable architectural projects is the expectation of a long service life for 

our buildings. This adds a great uncertainty to all solutions we integrate today and especially extended 

product responsibility can be questioned when discussing use terms of 30 and more years. It is said 

that PSS have mostly been used to replace products with shorter life spans (Mont 2000, 17).  Building 

products and components with planned lifetimes of 20-120 years (windows – brick) will challenge the 

PSS concept in that respect and result in reinforcing the traditional sale of building components, as no 

one will be able to give guarantees over such long timeframes. To offset this challenge, IPDs could 

supplement the PSS as IPDs have a defined interface with other modules, allowing consecutive 

alterations of the original product without the need of replacing the whole product delivery at one time. 

The thorough product development needed to create an IPD is one way to allow later disassembly and 

exchange of single components without questioning the IPD as such. As one example, windows 

usually are integrally connected with facades today (due to insulation and sealing layers), with the 

consequence that during replacement adjoining elements are affected and also require replacement, 

even though their expected service life has not yet expired. 

Furthermore, this facilitates the recycling, refurbishing and reuse of the disassembled components as 

they will ideally be returned to their original producer. If planned correctly, it would be possible to 

extract clean raw materials for new components from the old.  

For the future development of IPDs it would be favourable - from a sustainability point of view - to 

agree on standardized interfaces for modules. This will allow using modules from other producers in 

case of necessary exchanges, which again will increase the probability of the existence of the needed 

modules and services in the future, should the original producer no longer exist22. 

Another positive aspect of using PSS in the building sector would be a true interest in extending the 

product’s lifetime. A more robust product will reduce the efforts needed to maintain the promised 

function, use less material (due to fewer replacements) and will result in a reduction of maintenance 

costs (less required service). Developing robust solutions imply a radically different design approach 

as all life cycle stages have to be considered, with a focus on ease of maintenance, and especially 

                                                        
22 With the result of greater investment security, as requested by many clients. 



replacement of components.  Walter R. Stahel has called this concept “Product –Life Extension”23 and 

pointed out that this strategy will allow the “independence of the life-times of inter-compatible systems, 

products and components” (Stahel 1982, 75). The independence of life-times is one of the major 

issues in today’s constructions, a fact that usually is not taken into account properly during the design 

stage. Referring to Stewart Brand’s “Shearing Layer Strategy” (Figure 3) it is beneficial to think of a 

building’s life-time in layers that will need maintenance or have to be replaced at different intervals 

(Brand 1995). If layers are interconnected, or worse, locked-in between other layers with longer life-

times, the building will in effect be torn apart over its lifetime. This results in much higher renovation 

costs as layers (or components) are exchanged prematurely. Even more important than the initial 

higher costs are the increased environmental impacts due to the increased material input24.  

 

Figure 3: Stewart Brand, The Shearing Layers of Change 

Planners are aware of the fact that buildings will undergo various changes in their life-cycle and will 

have to adapt to changing needs. However, due to the long lifespan the building sector deals with, it is 

nearly impossible to predict when changes will be necessary and what the consequences for the 

building will be. Design strategies such as Design for Disassembly (DfD) are new, but rarely used as a 

requirement in architectural projects. Economics are again responsible for this fact. Planning for DfD 

implies an increased level of detailing, prototyping and testing of the concepts (mock-ups), including 

development of destructive-free joints, or other techniques in order to ease dismantling. At the same 

time, there remains great uncertainty as to whether these concepts will be used. As a consequence 

the necessary upfront investment becomes questionable. However, pursuing IPDs could be 

worthwhile, as these deliveries are as industrially manufactured and undergo a product development 

process before they are implemented in a building25. Dominique Millet (2003, 103) has proposed a 

                                                        
23 Or also the ”Self-replenishing system” 
24 Such as windows that, due to energy regulations, have to be sealed together with vapour barriers in 
facade constructions. In all case studies presented, windows have been pointed out as the component 
with the shortest expected life-time, while being built into surrounding materials with much longer life-
times (40 years for insulation and vapour barriers, 60 years for the facade-cladding). Exchanging the 
window results directly in damage to the other layers, as the window components are not independent 
of other components and no clear interfaces are defined.  
25 In opposition to on-site construction works, there will be a possibility of gathering and implementing 
the knowledge gained immediately within the same project. In traditional construction works learning 
takes place sequentially, from one project to the next. 



scale of design concepts with respect to their conceptual ecological quality and the grade of 

industrialization needed to put them into practice. The diagram (Figure 4) shows that design concepts 

used by architects as Design for Disassembly or Design for Low Energy Consumption are to be found 

not only in the past, but can also be regarded as less effective with regard to their reduction in 

environmental impact. At the other end of the scale we find concepts as Design for Eco-Efficiency, 

Design for Life Cycle or Design for Sustainability that all are regarded as concepts put into practice 

with a high level of industrialisation26.  

 

Figure 4: Determination of positions of different eco-concepts in relation to time and the degree of possible reductions of 

environmental impacts (marked in red: concepts that are used in architectural contexts) 

Business opportunities and stakeholder risk-management 

The point of departure for this paper were findings from case studies showing that future financial risks 

connected to renovation projects are the greatest barrier to initiating renovation projects in the social 

housing sector. The concept of IPDs as PSS presented would reduce or transfer these risks away 

from the building-owner and towards construction firms or other third parties that could finance the 

projects. This raises the question why construction firms should invest in the development of 

dematerialized solutions and expand their responsibilities far beyond what is regulated by law today27. 

The main advantages for the construction firms are new business opportunities arising from the 

responsibility for the use and end-of-life stages: maintenance, refurbishment, replacement / upgrading 

and possible reconditioning and recycling (see also Stahel 1982, 81). The extended responsibility 

results in a continuous task for servicing the delivery in order to maintain and optimize its functionality. 

                                                        
26 In comparison to architects, car designers currently claim to focus on concepts as Design for Eco-
efficiency and Design for Life Cycle with their recent scheme of eco-friendly cars (anonymous source 
at the level of an environmental planning specialist at a multinational car company). 
27 The current 5-year guarantee for construction work, longer guarantees for individual components. 



Due to a greater long-term dependency, steady business relations will be established between the 

client/user and the construction firm, securing jobs and lowering financial risks for the service provider. 

Reconditioning aging components could also emerge as a new field of operation. Reconditioning 

includes recovering components from the delivery, re-working or even upgrading them with the goal to 

reuse them in the same or another delivery. Technical installations are of special interest, as the 

foreseeable changes in the building code regarding energy consumption will require more frequent 

upgrades of installations in order to comply with regulations and maintain the systems efficiency28. 

 

Conclusion and further research 

Extending the concept of Integrated Product Deliveries towards Product Service Systems appears 

very promising as it will address the key issues of the renovation task of today– financial security and 

risk management for both clients and builders. It will also create new business opportunities and 

strengthen the interest in ecological favourable solutions through emphasising reuse and recycling as 

key factors within the business model. 

Even though none of the interviewed stakeholders had a strategy for integrating sustainability into their 

businesses, the societal benefits of sustainable renovation could be found in the wake of the other 

major advantages of the IPD/PSS combination. With a greater focus on extending the product life, the 

choice of materials will move towards low-impact materials and an extension of the usability stage 

resulting in fewer replacements when the end-of-life has been defined.  

Nevertheless, at present there are many barriers in regards to renovation projects, with the most 

challenging being the tendering system in the Danish context, as it does not currently allow building 

clients to partake in a development process in advance of a contractual agreement. The second major 

issue is the difficulty in securing necessary financing through the Landsbyggefonden, which has to 

follow strict rules and currently does not finance renovation projects where the main goal is to lower 

the building energy consumption. Both goals would be required to actually turn the current market 

potential into a market for renovation projects not solely based on remediating construction defects. 

Further research will ideally have a point of departure in a case studies where both IPDs and PSS are 

combined and have been addressed already early in the planning phase. It needs to be investigated 

further which building components lend themselves to PSS, and it remains to be proven that industrial 

production methods actually are beneficial, resulting in lowered environmental impact. With regards to 

materials, development and testing of design principles29 for architects could make it easier for 

planners to integrate the various layers of knowledge needed to develop sustainable buildings.

                                                        
28 The Danish Building Code does not force to renovate or upgrade installations in existing buildings. 
The concept of PSS might be interesting in this respect, as the system owner will have a stronger 
incentive to replace outdated components in order to achieve higher revenues on the related energy 
savings. 
29 Some principles could be: reducing mass, using simple and ecological materials, allow non-
destructive disassembly and adaptive reuse of materials as key design parameters. 
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