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Abstract 
A roughly chronological sample of 15 technological ‘events’ in the developmental history of the 
transparent envelope of the ‘Building’ is analysed using a basic set of the TRIZ trends of technical 
evolution.  We argue that the analysis suggests a general development in the Building towards a technical 
system capable of controlling its own internal environment autonomously, and primarily, in response to the 
external climatic conditions in which it finds itself.  The ‘where’ of the general development of technology is 
an issue to those concerned with society’s relationship with the planet, while the ‘how’, of which the TRIZ 
trends offer a vocabulary, should in addition be of specific interest to those in the business of step-change 
eco-innovation. 
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1 IS BUILDING TECHNOLOGY EVOLVING FOR THE 
BENEFIT OF THE ENVIRONMENT? 

The Building Industry is in the top three most 
environmentally damaging industries in Europe, along 
with the Food and Transport Industries [1]. These 
industries serve crucial societal functions, and 
increasingly, there has been pressure for each to rethink 
the way they provide these functions, and develop new, 
less environmentally damaging means of fulfilling them. In 
the Building Industry, new Directives and Legislation (e.g. 
[2]; [3]) aim to encourage the development of innovative 
technical systems to intervene in its most pervasive and 
environmentally damaging techno-economic paradigms. 

Techno-economics paradigms in history have on the 
whole been founded on a non-renewable material input 
initially available in abundance. Examples in the 
Construction Industry would include Steel, Concrete, 
Timber, Glass – and in the case of energy provision – Gas 
and Oil; all of which are characterised by their own 
constellations of technological, social and economic 
activities [4]. The more pervasive the techno-economic 
paradigm, the more likely their associated technologies 
will be over or unnecessarily utilised. Unintelligent 
combinations of technologies create environmentally 
damaging buildings. One particular type of building design 
that is often vilified by those concerned with the 
environment is the now seemingly ubiquitous steel 
framed, concrete floored, glass sheathed, commercial 
high-rise with internal climates ‘so wrong that they work 
worse than outside’[5].  Advances in steel, concrete, 
elevator, glass, and air conditioning technology during the 
first half of the twentieth century have made these types 
of designs possible [6].   

 Although neither of these technologies is inherently 
damaging to the environment – for it is a question of how 
much and in what way they are used – it is this type of 
combination that is causing concern. We find ourselves in 
the precarious position in which the development of such 
technologies as air-conditioning has enabled building 
designers to think less about the way buildings respond to 
their local climatic conditions.  There are far too many 
examples of buildings which create unnecessary energy 
demand during their life-cycle [7]. This is an 
environmentally damaging trend which could be avoided 

in many circumstances if buildings were designed, for 
instance, to better ‘avoid heating-up’ in the first place. 
Vernacular architecture has by definition evolved partly in 
response to the climatic conditions in which each example 
has found itself, and there are many examples of simple, 
harmonious and effective solutions to the problem of 
moderating external climate [5]. But are modern 
developments in building technology beginning to find 
their own environmentally responsive solutions?  

2 THE EVOLUTION OF TECHNICAL SYSTEMS 
We are accustomed to attributing the success of 

biological organisms in solving problems encountered in 
their environment to the process of natural selection; a 
process whose primary metric is survival. It seems 
obvious that in some way, this law might transfer well into 
the realm of technology, and the social and environmental 
environments in which it is a part.  Economists have 
developed a number of tools in order to help decide in 
which development trajectories to invest in, and, crucially, 
for them, when (e.g. [8]). Historians of Technology and 
scholars from the emerging discipline of Science, 
Technology and Society studies (STS) are exploring the 
often subtle relationships – marked by what some 
disciplines would call ‘complex feedback mechanisms’ – 
between society and technology as evolving phenomena 
([9]; [10]; [4]). But are the results of such studies helpful to 
designers of technical systems during the immediate 
activity of designing? And significantly, what about 
designers in the field of ‘eco-innovation’, who are in the 
business of developing ‘step-change’ technological 
evolutions ([11]; [12])? 
Certainly, when it concerns developing an understanding 
of technology’s relationship with society, the economy, 
and the environment, there remain many crucial questions 
unresolved ([14]; [15]; [16]). However, when it comes to 
the immediate activity of resolving technical problems, 
what type of knowledge would it be of use to distil, and in 
what way would it be of most use to distil it?  

Knowledge concerning how technical systems evolve 
has be accrued and distilled for designers by Altshuller 
([17]; [18]; [19]; [20]; [21]; [22]; [23]). As part of a grander 
method of technical problem solving (TRIZ), based on 
analysis of the world-wide patent database, Altshuller saw 
that the majority of technical systems share certain  
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Table 1:  Evolutionary Analysis (see section 3)  
Technological 
system 

Developing 
functions  

Evolutionary activity 

1. Small single 
glazed window 

Allows natural light 
inside, while offering 
protection from wind 
and rain 

a – but it is often desirable to have ‘no window’, e.g. fresh air 

2. Openable 
window and 
openable shutters 

Block / allow 
daylight on 
command. Allow / 
block air exchange 
on command 

b.i – combination with a dissimilar system whose functional analogy is that of 
the ‘opaque envelope’ 

d.i – introduction of an opaque material 
d.iv – introduction of mechanical action to window system 
e.i – increased number of parts 
e.ii – increased number of operations 

3. Window, 
shutters and 
deciduous tree 

Deciduous tree 
blocks high, midday 
summer sun; but in 
winter allows in all 
solar energy for 
heating. 

b.ii – integration into the macro-system with a dissimilar element (tree) 
d.ii – use of existing system resources: orientating the building in conjunction 

with tree for self-regulation of solar energy.  
d.iv – introduction of a thermal action 
e.i – increased number of parts 
e.ii – increased number of operations 

4. Internal 
openable pane, 
one thermal 
barrier, one 
external openable 
pane, one internal 
adjusting louver 
(box type window) 

Air gap between 
panes provides 
thermal barrier. 
Adjustable louver 
controls amount of 
light entering. 

b.iv – dissimilar element = air. Insulation up until now has only been performed 
by opaque envelope. 
c.i – shutter is segmented into several smaller adjustable slats 
c.ii – The window system when shut is ‘hollow’, in order to decrease thermal 
conduction 
c.iii – The surface of the louver can be made to ‘corrugate’ in order to block 
high sun while still allowing diffuse daylight 
d.ii – shutter is made more dynamic to become a louver, which gives increase 
control over daylight entering 
d.iii – void as thermal barrier introduced 
d.iv – thermal action introduced  
e.i – increasing number of parts 

5. Double glazed 
unit with 
integrated louvers 

Increased thermal 
performance 

e.i – convolution of ‘poly-system’ into ‘mono-system’ 

6. External 
automatic 
shading systems 

Increased control 
over daylight 
entering 

d.i – new materials and components added 
d.iv – new, electronic fields introduced giving more control 
e.i – An increased number of parts and operations 

7. Double skin 
facades 

Enable passive 
ventilation 

b.ii – integration into the macro-system (passive ventilation) with a dissimilar 
system 
c.ii – segmentation of space continues in order control more actions 
d.i / ii – new components ‘created’ with integration 
d.iii /iv – Voids are engineered to manipulate existing resources, i.e. the 
existing environmental potential for natural ventilation 
e.i /ii/iii – depending on the ‘new’ system and the ‘old’ systems it integrates 
and replaces 

8. low-e / 
spectrally 
selective coatings 

block/trap Infrared 
and/or ultraviolet, 
while transmitting 
visible light 

c.i – Increased segmentation of ‘shading’: thin layers of  metal deposited on 
glazing. So thin they are ‘transparent’, but still reflect designed for wavelengths 
of light 
c.iii – this could also be interpreted as a ‘roughening’ of surface 
d.iii – in a sense the surface of the glass becomes ‘porous’ to certain types of 
light. In the same way that Gore-Tex will allow water-molecules to penetrate, 
but not water-droplets, the bandwidth of light entering is now controllable with 
porosity. 
e.iii – ‘shading’ and ‘window’ systems are combined on the micro-level  

9. HIT windows: 
external glass 
pane + air gap+ 
film layer + air 
gap+ low e film+ 

Low heat loss in 
winter: sunlight that 
it admits is greater 
than its heat loss 
over a 24 hour 

b.ii – the ‘film’ is similar to glass in that it is transparent and separates air, so 
two layers replace the middle pane of a triple glazed system to create three 
insulating air gaps 
c.ii – increase in ‘hollows’: three insulating air gaps 
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air gap + internal 
glass pane 

period. d.i / iv – introduction of new void and new substance (low-e film) brings about 
new thermal/optical actions 
5.c) trimmed system 

10. Angular 
selective coatings 

Block high summer 
sun to reduce 
cooling load, but in 
winter allow full 
solar energy 
penetration to 
reduce heating load 

c.i – Increased segmentation of ‘shading’ (and in a more literal way than with 
low-coatings): microscopic ‘slats’ of metal are deposited and arranged on the 
glazing surface using a magnetic field. The angle of reflection is predetermined 
in this process, so that, for example, the summer high sun is reflected, but the 
winter high sun is not. 
c.iii – can also be interpreted as a ‘roughening’ of glazing surface 

11. Liquid crystal 
glazing  

Limit harmful solar 
transmission on 
command 

c.i – ‘shading’ function performed by a phase transitioning liquid  
d.i – new liquid crystal layer added, as is the electronic system to control it  
d.iv – electronic field added 
e.i – increased number of parts 

12. Suspended 
particle devices 

Automatically 
transmit light, block 
light, and variables 
in between 

c.i – ‘shading’ function performed by suspended metallic particles in liquid. 
When electronic field is applied, particles arrange themselves so the layer is 
porous to light.  
d.i – liquid layer with suspended particles added 
d.iv – suspended particles controlled by new electronic field  
e.i – increased number of parts 

13. Holographic 
films + glazing + 
Photovoltaic cells 

Redirect  and 
concentrate sunlight 
onto photovoltaic 
cells, while 
transmitting visible 
light 

c.i – holography represents a ‘field-based’ system 
d.iv – new actions: ‘harmful’ wavelengths used to generate electricity 
 

14. Electro-
chromatic  glazing 
+ building 
management 
system 

Automatically 
transmit light, block 
light, and variables 
in between. 

b.iv – control of the glazing integrated with the building management system 
c.i – field controlled phase changing material with action on the chemical level 
d.i / iv – introduction of new substances and electronic field/system 
e.i / ii –increasing number of parts and operations in glazing system 

15. Photo- or 
Thermo-
chromatic glazing  

Automatically 
transmit light, block 
light, and variables 
in between 

a. – Building system as a whole not ‘ready’ for this development: current 
configurations mean that what is for example ‘hot’ at the glazing level is not 
necessarily ‘hot’ inside the building from the occupant perspective. 
d.ii – use of existing resources (heat or light) to modify newly introduced 
substance (chromic layer), therefore theoretically closer to ideality than an 
electro-chromic layer 
e.iii – in comparison to electro-chromic system, trimming occurs as an 
electronic field and associated technical system is replaced by the effect of 
existing resources on a thermo- or photo-chromic layer 

 

Fig 1. Thermal (U = W/m2K), visible light (TL) and solar energy (g) 
transmission performance developments in glazing (after [xx])
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developmental tendencies, and that knowledge of these 
trends is a powerful tool in the solving of difficult technical 
problems, for the development of new technical systems.  
A basic overview of the TRIZ trends of evolution is given 
in the following section, but first some basic concepts 
from the TRIZ system are introduced: 
 
Technical systems 
A technical system performs a single or several designed 
functions, and employs several sub-systems in order to 
do so. A technical system can be differentiated into a 
hierarchical constellation of several ‘tools’ and ‘objects’:  
A saw is a tool and its object is a piece of wood. To 
function, the tool must do something that causes the 
object to change: the saw ‘cuts’ the wood.  The ability to 
‘zoom-in-and-out’ is an important conceptual tool in TRIZ 
because it helps navigate a technical system. The tool, 
object and action under investigation will be at the 
‘system-level’, its ‘context’ will be called the ‘macro-level’, 
and the systems which make up the tool and object will 
be represented on the ‘micro-level’. For example, the 
human arm is therefore on the macro-level to the saw, 
and the material properties of the saw are represented on 
the micro-level. All these systems are set within the 
‘environment’.  
 
Contradictions  
The TRIZ methodology represents problems by pairs of 
conflicting parameters. A ‘problem’ occurs when you want 
to improve one design parameter (e.g. strength), but you 
can’t think of a way of doing so without sacrificing the 
performance of another (e.g. weight). These ‘trade-offs’ 
are typical in engineering, and, unfortunately, so is the 
assumption that the only strategy is to optimise between 
the two. Altshuller paid special attention to those solutions 
found in the patent database which resolved 
contradictions, i.e. allowed for both parameters to improve 
not at the expense of each other. He named 39 
engineering parameters and 40 contradiction resolving 
‘Inventive Principles’. 

At the foundation of many a ‘trade-off’ contradiction is 
the ‘inherent’ contradiction, where opposite attributes of 
the same parameter are required. A shading system must 
be both ‘big’ and ‘small’. Glazing must be ‘transparent 
‘and ‘non-transparent’. These examples and more will be 
explained in section 4. The TRIZ method requires that we 
reveal the fundamental contradictions in a system, since, 
paradoxically, the more seemingly impossible the conflict, 
the more likely you are to find a solution which resolves it. 
 
Resources 
Resources are things in and around the technical system 
that are available but are not being used. Mapping idle 
resources available in the system is an important step in 
the TRIZ method towards good solutions to problems. 
Good solutions utilise free or very cheap resources 
present in the system, and a solution is even closer to 
‘ideality’ if it manages to turn harmful attributes into 
beneficial resources.  
 
Ideality: using speculative thinking as a design tool 
What would the system be if I could have all the beneficial 
attributes without any of the harmful? This focused form 
of speculative thinking allows the designer to clarify what 
the system is required to do and why, before he thinks 

about how. “Ideality” is a measure of how close a system 
is to the “ideal final result”.  If the useful feature improves, 
the ideality improves. If the harmful feature lessens, the 
ideality also improves. Ideality can be defined by the 
following formula: 
 

Ideality =  Benefits / ( �Costs +  Harm)  
 

What would be the ‘Ideal Final Result’ of the Building 
[24]? McDonough uses the technique of speculative 
thinking when asks the question, why can’t a building be 
designed like a tree [12]?  He believes that it should be 
possible for a building to make oxygen, sequester carbon 
dioxide, distil water, build soil, accrue solar energy, create 
micro-climates, change colour with the seasons, and self-
replicate. Indeed, there are already examples of buildings 
that ultimately generate more energy than they consume 
[25], and the purpose of this paper is gain understanding 
as to the direction of Building technology evolution 
through analysis of developments in the transparent 
envelope: an integral and increasingly responsive part of 
the Building envelope. 

3 TRIZ TRENDS OF TECHNICAL EVOLUTION 
The following basic representation of the TRIZ trends of 
evolution is taken from Rantanen and Domb [23]. The 
trends are explained here and to be read in conjunction 
with Table 1. 
 
(a.) The uneven evolution of the system 
The uneven evolution of a technological system causes 
bottlenecks and contradictions.  Evolution in this case is 
not linear, but uneven: there are always discontinuities. 
Some parts, features or sub-systems improve rapidly 
while others remain unchanged, sometimes for a very 
long time. This unevenness compels the system to 
evolve. This pattern is ubiquitous and general, and 
should be understood as a driver for development, so our 
analysis only makes note of in what manner it occurs in 
the first and last of the ‘events’ in the sample as analysed 
in Table 1. 
 
(b.) Transition to the macro-level 
This pattern describes how a system becomes 
increasingly integrated into a higher-level system or 
macro-system. A technical system never develops in 
isolation, but as part of a larger system. Our analysis 
tracks ‘events’ within this trend in any of the four 
circumstances: 

i. Integration into the/a macro-system with a 
similar system 

ii. Integration into the/a macro-system with a 
dissimilar system 

iii. Integration into the/a macro-system with several 
similar systems 

iv. Integration into the/a macro-system with several 
dissimilar systems 

 
(c.) Transition to the micro-level 
This pattern describes how systems are improved by 
dividing them into smaller and smaller parts. It usually 
occurs in one or a combination of the following ways: 

i. Segmentation of objects: solid body – 
segmented body – liquid or powder – gas or 
plasma –field 
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ii. Segmentations of space: solid body – hollow 
body – many caverns – porous substance – 
pores filled with active cavities 

iii. Segmentation of surface: flat surface – 
corrugated surface – rough surface 

 
(d.) The increase of interactions: introducing substances 
and actions 
When the interaction between a tool and an object is 
insufficient of harmful, the interaction must either be 
amplified, or that which is harmful eliminated.  This is 
achieved by either introducing new ‘substances’, 
modifying existing  ‘substances’, introducing voids, or  
introducing new ‘actions’.  Over time, a system’s 
interactions are likely to increase and become better 
controlled. Evolutionary activity within this sphere is noted 
in Table 1 as follows:  

i. Introducing new substances (i.e. a material, 
component, system or element) 

ii. Modifying existing substances (NB: this is closer 
to ‘ideality’ than (a), since existing resources 
used)  

iii. Introducing voids (i.e. everything more rarefied 
than its environment, e.g. a solid to a 
hollowed/foamed structure, or the use of a 
vacuum) 

iv. Introducing new actions (e.g. mechanical, 
acoustic, thermal, chemical, electric, magnetic) 

 
(e.) Expansion and Convolution 
The system expands first, becoming more complicated, 
then it is trimmed (convolutes); that is, its elements are 
combined into a simpler system. The increasing number 
of parts and operations cause problems that are solved 
when the system is simplified. This pattern occurs in a 
‘pulsating’ manner, as the system is constantly changing:  
a ‘mono-system’ is combined with another to form a ‘bi-
system’; then more are added to form a ‘poly-system’. 
When the poly-system is simplified, it becomes a new 
mono-system. Both dissimilar and similar systems can be 
combined: 

i. Increasing number of parts 
ii. Increasing number of operations 
iii. Convolution to fewer parts and operations 

 
A note to designers: patterns, not laws 
Examples of the uneven evolution of the system, the 
transition to macro-level, and ‘pulsating’ evolution are 
ubiquitous enough to be thought of as ‘universal’. The 
pattern of increasing interactions can be statistically 
tracked by type of interaction, for example, the increasing 
electric and magnetic interactions in systems over the last 
100 years. However, this does not mean that mechanical 
interactions should be replaced or compete with electric 
or magnetic fields. The pattern tells us as designers that 
the transition from mechanical interactions to more 
controllable fields happens often enough for the possibility 
of it occurring in our own system to be considered. The 
transition to the micro-level happens frequently too, but 
with exceptions. It is important to remember the 
probabilistic character of patterns, and to check whether 
the changes implied by them would actually increase the 
ideality of the system 

4 TECHNOLOGICAL EVOLUTION OF THE 
TRANSPARENT ENVELOPE 
(For a general overview and description of the 

technologies analysed in Table 1, and extent of their 
development, see [26]. For a more detailed exposition, 

including applied examples, see the sustainable building 
technology database on [27].) 

According to Oesterle et al [28], the development of 
window technology to match specific climatic conditions 
has its origins in the box-type window, found in central 
European cities dating from the turn of 19th and 20th 
Centuries. In this form of construction, the traditional 
single-glazed casement is supplemented by a glazed 
outer window. The frame construction consists of two 
opening casements which are set in front of each-other, 
creating an air gap that functions to  reduce thermal 
conductivity (roughly U = 2.5 W/m2 K).  This ‘event’ is 
picked up in our analysis as technological system 4. It is 
recorded with significant evolutionary activity in terms of 
segmentation, and the introduction of voids and new 
actions.   

Oesterle et al., as shown in Fig 1, also track the 
development of glazing technology in terms of total solar 
energy transmission (g), total visible light transmittance 
(TL), as well as the coefficient of thermal transmission (U).  
High g- values are important in the winter, when you want 
to allow solar energy to enter as ‘free heating’. However, 
low g- values are desirable in the summer, in order to 
reduce the need for cooling. The graph shows a general 
evolutionary tendency towards ever lower U- and g-
values, but this requirement is contradictory to the need 
for a maximum degree of light transmittance, which is 
needed to keep the consumption of power for artificial 
light to a minimum. Only in the 1990’s was this conflict 
seemingly resolved, with the development of spectrally 
selective glazing (see event 8), which meant that it 
became possible to transmit visible light, while reflecting 
light of lower or higher wavelength.  

So, the contradiction “I want light, but I don’t want 
heat”, according to the TRIZ trends of evolution, is 
resolved by further segmentation towards the micro level. 
But what about in the winter, in a climate with significant 
seasonal temperature variation, where you want plenty of 
visible light (high TL) with plenty of solar gain (high g)? 
The technological events from 10 onwards are responses 
to this newly created conflict, and the general creation of 
conflicts is predicted by the ‘uneven evolution of the 
system’ trend.  The new conflict is almost resolved by 
further segmentation and the introduction of new fields, 
interactions and substances. For example, with electro-
chromic glazing, it is becoming possible to change  the 
transparency of the glass to control the amount of visible 
light entering, but this change in transparency is still 
related to the levels solar gain that are allowed to enter. In 
other words, we have a new and important level of 
‘switch-ability’ – a crucial aspect in the future 
development of buildings if they are to become 
responsive to their climate – but we are still confronted 
with inadequate separation and control over those two 
crucial parameters: light transmission and solar gain. 

Thermo/photo-chromatic glazing is theoretically 
closer to ‘ideality’ than electro-chromic glazing, since they 
both use an existing resource (heat/light) rather than 
introducing a new one (electricity) to obtain ‘switch-ability’. 
These systems are restricted by the fact that a high heat 
or light on the glazing may not necessarily mean high 
heat or light inside the building. The pattern of uneven 
system development suggests, however, that it is the 
other sub-systems that make up the building that are too 
underdeveloped to take advantage of this particular 
development.  

Evolutionary activity on the micro-level in the 
transparent envelope within the realm of selectivity and 
switch-ability is being further advanced with the advent of 
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holographic control (event 13). Holograms can make 
three-dimensional optical ‘copies’ of material forms: the 
light deflecting and screening functions that louvers, grids 
and prisms perform can be achieved in a completely 
dematerialised format. This increased dematerialisation 
toward field based systems (in this case, optical fields) is 
predicted by the increased segmentation trend.  It is also 
close to ideality because it is using resources already 
existing in the system (i.e. light). Perhaps a ‘dynamic’ 
version of this technology can resolve the sticky 
contradiction: “When it is cold outside, I want visible light 
when it is available, along with its associated solar gain; 
but in the summer, I only want the visible light” 

5 CONCLUSION 
 
“Technology…the knack of so arranging the world that we 
don’t have to experience it.” [29] 
 
The building envelope, when viewed from an 
environmental perspective, is widely agreed as being the 
most important system in all subsystems of a building. 
This is because, as the boundary between inside and out, 
it must fulfil a multitude of vital functions which dictate the 
energy consumption of a building. The main climatic 
moderation functions that the envelope must perform 
include the control of solar radiation, temperature 
extremes, moisture (as vapour or liquid), dust, and wind. 
Using the TRIZ trends of evolution as an analysis tool, we 
have shown that the transparent envelope is playing an 
increasingly significant role in moderating the inside with 
respect to the ‘outside’. This is perhaps obvious, and is 
already widely discussed, and has been discussed for 
some time now. However, the TRIZ trends offer a 
vocabulary in which to articulate how the Building will 
achieve the ‘Ideal Final Result’. The analysis suggests the 
‘Ideal’ system will be capable of controlling its own 
internal environment autonomously, and primarily, in 
response to the external climatic conditions in which it 
finds itself.   
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