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contain a challenging radical potential for architectural practice in terms of a 

change in the traditional modernist concept of an architectural work. 

 

From operational energy to process energy 
 
In the wake of the oil crisis in 1973, which aroused the awareness of the de-

pendency on limited fossil fuel resources, a paradigm was formed in the man-

agement of resources related to buildings which focused exclusively on opera-

tional energy. This paradigm aimed at reducing the energy consume in accor-

dance with an investment rationale for energy consumption which was closely 

related with the equivalent economic – a total-economic rationale: An investment 

in energy saving is rentable if the saving at least covers the expense of the activ-

ity within a period of repayment equivalent to the maturity of a mortgage loan.  

 

On the basis of this rationale, a progressive legislation on insulation standards 

has been evolved, resulting in a massive saving of energy for heating as well as 

many reasonable energy refurbishment projects for all types of buildings. The 

rationale is far from exhausted, since energy refurbishments in most cases con-

tinuously is a very good business – in terms of both the economy of finances and 

resources. In this field there are still low hanging fruits to pick. 

 

However, the concept of total-economy has increasingly become insufficient as 

especially three conditions have changed: 

1. During the period of growth through the last decade, energy prices have 

fluctuated enormously with a long term tendency to raise, fig. 2.  Energy 

prices has become a major factor of uncertainty as the contours of a 

regular crisis in energy supply appears in the horizon. Thus, the condi-

tions for reliable total-economic calculations have become increasingly 

difficult.  

2. The smouldering supply crisis has been accompanied by a crisis in the 

global climate where the consequences of burning fossil fuel have 

reached a level which demands acute action2. Towards this problem, the 

paradigm of total-economy becomes insufficient because the time hori-

zon for action has been shortened. There is not time to wait for the mar-

ket mechanisms to solve the crisis.  

                                                      
2 I UN's climate panel IPCC, AR4 3d report from May 2007 advocates the necessity of terminating 
the increase in greenhouses gasses before 2015 if raises in global temperature below 2.4 dg. C is to 
be avoided. If this aim is not reached, changes in the ecology of the planet are likely as well as ac-
companying social conflicts and humanitarian catastrophes. 
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3. Technological development in HVAC-systems and sealing methods has 

enabled a decrease in buildings' operational energy consumption to an 

extreme low level, fig. 3.  

 

These changes have induced the relevance of shifting the focus from operational 

energy to process energy - e.g. for mining, processing, transportation, assembly 

and building site operations. Through such processes, the assembled building 

and its materials represents an accumulated energy capital which should be 

administered appropriately. Therefore, resources consumed in relation to build-

ings must be viewed in a lifecycle perception which implies a perspective beyond 

operation and amortization, fig. 4. 

 

Thus, the critique of the previous resource saving strategies is double; both the 

functionally specific design and the one-sided focus on operational energy can 

be accused for being a short sighted, respectively an insufficient, practice. To-

wards both shortcomings, the argument in favour of building culture based on 

changeability can be maintained. Because when the attention is called to the 

saving of process energy, a long lifetime of buildings becomes a crucial target 

and adaptability to changes becomes an essential tool for obtaining this object, 

fig. 5. 

 

Resource-conserving building principles 
 

Overall, the outline is appearing of a new rationale for the handling of resource-

consumption related to building, according to which the involvement of process 

energy will have far-reaching consequences for architectural practice and priori-

ties. Architectural design based upon lifecycle considerations demands far more 

holistic strategies than needed for saving operational energy only. These strate-

gies poses a new framework for the architects freedom to design which is in 

many ways more restrictive but is simultaneously containing a potential for archi-

tectural renewal, and possibly a change in the cultural practice of coding and de-

coding building identity.  

 

Cultural protection 

Which principles are available for ensuring adaptability of buildings, and thus the 

likelihood of a long lifetime? In his modern classic on change-based building 

culture 'How Buildings Learn'3, Steward Brand points towards two main strate-

                                                      
3 Brand, S.: How Buildings Learn – and what happens after they are built, Penguin 1994 
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gies: On the one hand, the cultural acknowledgement which leads to veneration, 

protection or even conservation of buildings, and on the other, the robustness of 

changeability and generality. In concordance with the first strategy, Dietmar 

Eberle4 advocates the architect's responsibility for a careful design of the inter-

face between building and public space in order to make the building a subject 

for 'public love'. Eberle consider this 'love-factor' a significant strategy for sus-

tainability because it increases the probability of saving the building including its 

embodied energy through a long lifetime.  

 

However, the cultural protection can not stand alone since not every building can 

count on being equally assigned with this privilege; loved, awarded, protected by 

conservation etc. The excellent and extraordinary will at all times stand out as a 

difference with a minority. Therefore, the aim must be to invent strategies which 

consider a resource saving building practice in average building, fig. 6.  

 

Adaptability 

Adaptability is a strategy which makes a long lifetime probable - though without a 

guarantee. Partly, it is a general principle applicable to the majority of buildings, 

and partly it is a ceteris paribus consideration. Some circumstances related to 

adaptability are contradictory; for instance, there might be a risk that adaptability 

weakens the conditions for obtaining a strong identity, often indicating a high 

cultural value, which in turn protects it from demolishing. Significant functionally 

specific buildings often have a particular strong identity which provides a basis 

for emotional attachment no matter if they are not flexible.  

Therefore, it can be noted in advance, that the challenge for a resource saving 

building practice consists in providing principles for architectural design which is 

at the same time open to future functional needs and able to add identity to the 

buildings. While building identity is the specific domain for the responsible archi-

tect's individual expression and contextual adjustment, adaptability can be ob-

tained through the following general strategies:  

 

Generality and flexibility 

A suitable point of departure for ensuring a long lifetime is to avoid functionally 

specific geometries in plans and sections. Large spans, few load-carrying divid-

ing walls and generous room heights enable the use of buildings for multiple 

purposes such as housing, offices or shops. On short terms, there might be a 

certain increase in resource consumption connected with providing the condi-

                                                      
4 Nerdinger, W. (ed.) 2007.: Baumschlager+Eberle, Recent Projects 2002-2007 
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tions for multi-functionality, for instance an ample room height or a surplus con-

structive capacity. In return is obtained robustness towards changes in the urban 

context and changing market conditions. An example of building types with a 

general usability is the warehouse-typology, which relatively easily can adapt to 

industrial production, workshops, offices, storage, hotels, housing or shops, fig. 

7. 

 

Layering 

Layering is a prominent strategy for handling the different lifecycles of building 

elements, and often illustrated by Francis Duffy's5 diagram, fig. 8, where the 

stroke dimension indicates differences in expected lifetime for respectably fa-

cade, construction, installations, space dividing and furnishing. The idea of shea-

ring layers in a building is to technically separate the layers. Hereby it becomes 

possible to make changes with a minimal use of resources and costs.  

 

The strategy of shearing layers combines the total-economic and the resource-

saving paradigm because the accumulated expenses on conversions exceeds 

by far the initial expenditure, fig. 9. By making conversions easier and cheaper, a 

total economic gain can be obtained which in turn diminishes the probability of 

demolishing. However, the layering principle is not always a necessary prerequi-

site for adaptation to varying lifecycles; small and lightweight building modules 

can sometimes offer a similar flexibility6. 

 

Disassembly 

The layering strategy is particularly executed on the technical level in joints and 

fixations between building elements and components. Separation of layers is of 

significant importance in order to enable an individual dismantling of a layer with-

out damaging consequences for other layers.   

 

Disassembly technique is a new discipline within the field of architectural practice 

and theory. It is absolutely not a part of the current daily routine or responsibility 

among professional architects to plan for, or to explain how, buildings are demol-

ished, or how materials can be reused, respectively down-cycled. However, in a 

resource perspective, this is a crucial ability to cultivate, and a professional field 

                                                      
5 The architect Francis Duffy coined the concept of 'shearing layers' – the building as a system of 
layers with different lifetimes. Brand (1994) has adopted and further developped the concept by the 
addition of 'site'; the place / building site as the most permanent layer. This makes particularly sense 
in urbanity discourses. 
6 Nordby, A.S. 2009: Salvageability of building materials. Doctoral thesis NTNU, p.104. Nordby 
points towards nwe types of large brick-like blocks, and also the possible use of lime mortar for new 
building. 



Fig. 15: Open work of 2d degree. Left: Tony Fretton 1994, Lisson Gallery, London. Right: 
Vandkunsten 1972, Tinggården 1, Herfølge
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thor16, a share of control over the work is delegated to the users. In practice, this 

distribution beyond the architect's control takes place whenever a conversion is 

made during the building's lifetime. As distinct from this very common situation it 

is in an open work strategy a part of the architectural work to point at possibilities 

for conversions and to predict the aesthetical potential of these changes. The 

architect seeks to influence on the unpredictable and uncontrollable, not by pre-

venting it but by establishing a framework which optimizes the functional and 

aesthetical outcome. The compositional play between layers with different lifecy-

cles has the potential of becoming a central tool of expression in an architectural 

practice based on change. In popular terms, the architect behind a an open work 

will be pleased by changes made by users because this redeems and enriches 

the work, whereas the  architect in the traditional modernist work culture will be 

disappointed by the disturbance of the perfection of the completed work inflicted 

by changes. 

 

The implementation process 
 

The above described paradigm for an architectural practice which focuses on 

long term, change-based and resource conserving principles is today neither a 

part of the agenda set by legislation, private certifications, or the education in 

schools of architecture.  The challenges are multiple: 

  

• It is difficult to quantify, and hence to document, process energy be-

cause much essential information is inaccessible. Even the best lifecycle 

analysis is subject to considerable uncertainties, and when it comes to 

predict future process energy consumption it becomes pure guesswork. 

Anyway, there seems to be good possibilities of assessing buildings' ca-

pacity for transformation based on a number of specific technical pa-

rameters.  

• The process energy related to building will hardly attract much attention 

before the last saving on operational energy is harvested in energy re-

furbishments of the existing building stock. Only when legal require-

ments in terms of documentation of disassembly and flexibility are 

adopted, a solid impetus for an architectural evolution can be founded.  

• The development of information technology which creates still more pre-

cise simulation tool contributes to give primacy to static models and 

quantifiable parameters on the expense of dynamic, non-measurable 

                                                      
16 Op. cit. 
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