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Abstract. The 21st-century man spends more than half of his time in the envi-
ronment of artificial light and technology tools, such as cellular phones,  
computer, TV, radio etc – they build the contemporary living environment – a 
technosphere. Therefore, a question should be asked whether the technosphere 
has not become a “natural environment” for the contemporary man? In this con-
text people’s attitude towards the environment is becoming an even more  
important issue. It has to be remembered that the natural environment is suscep-
tible to and dependent on human activity, whereas the technical environ-
ment/technosphere reflects the intentions present in the process of technology 
creation. Technology does not have to be controversial in relation to the natural 
environment. It may become an integral part of the environment as a whole, 
without a division into a natural and artificial/built environment.  

The aim of the publication is therefore to present the role of computers in the 
process of creating a technosphere which is friendly both for the nature and the 
human being.  
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1   Introduction  

The 21st-century man spends most of his time – as much as 90% [3] - in a closed envi-
ronment, surrounded by artificial light, complex technologies and technology tools, 
such as mobile phones, laptops, computers, photocopiers, electronic media, audio-
visual equipment or cars, and in the future interstellar vehicles – they build a contem-
porary living environment – a technosphere. Therefore, a question should be asked 
whether this technosphere has not become a “natural environment” for the contempo-
rary man.  

The natural environment is susceptible to and dependent on human activity, while 
the technosphere reflects human intentions present in the process of creating the tech-
nology. In order to make the technosphere friendly both for the natural environment 
and the human being, it is important to reach a certain level of knowledge and become 
                                                           
*  Technosphere – Greek Techne – an art, craft + Latin Sphaera – a sphere. According to [4]: 

The sphere of human interference with nature. The development of technology in a natural 
environment. 
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engaged in pro-ecological activity. Every endeavour should be made so that the tech-
nology will not be aggressive towards the natural environment and may become an 
integral part of the environment, without a division into natural and artificial. There-
fore,  the relationship between the man, technology and environment becomes even 
more important.  

At every stage of their social and professional activity, people should be open to 
high-tech and ICT technologies, but at the same time they ought to bear in mind the 
principles of sustainable development. Computers provide people with tools which 
help technological and civilisation problems to be solved, support interpersonal com-
munication, create widely used virtual reality technology and are an invaluable cogni-
tive tool.  

We live in the era of Information Technologies as well as Information and Com-
munications Technologies (ICT), the aim of which is to provide tools and technologi-
cal innovations so that progress in communication systems can be maintained and 
developed.  

The ICT era enables communication and global access to the Internet. Since the 
middle of the 1990s, a dynamic development of the Internet  has been noted in nearly 
all spheres of life [1]. Together with Word Wide Web (www.), it is an indispensible 
source of knowledge and facilitates an exchange and flow of information on an un-
precedented scale. There are three rules governing the Internet which stimulate its 
development: Fast, Easy, Free. It is estimated that the Internet has ca 300 million 
users, and the list of websites exceeds one billion [6]. The engineering of software 
(utility programs and program systems) is one of the key elements of ICT branch. 
Equally important is ICT hardware (design, production, operation, maintenance of 
electronic, telecommunications and computer devices and tools) as well as people-
ware (people and processes related to the development, delivery, maintenance and 
disposal of hardware and computer systems).  

The technology of virtual reality, similarly to ICT, is applied in nearly all fields –  
scientific, economic, functional and entertainment areas. It enables enriching the 
space in which the man has stayed until now with a virtual space, parallel to the real 
one. It combines the real word with a cyberspace, which facilitates implementation of 
many projects and creates simply unlimited possibilities. Virtual reality technologies 
enable creating mathematical models and software based on these models to safely 
carry out research and simulations which after testing may be implemented and used 
in real reality without any risk. Among others they allow testing innovative building 
and construction solutions (models of buildings and construction simulators), medical 
programs (testing the reactions of organisms to different stimuli and impulses), as 
well as educational programmes (flight simulators, simulators of vehicle movement 
trajectory etc.,). Also unpredictable elements of the natural environment, which fre-
quently result in threats and disasters (climatic changes, floods, volcano eruptions), 
are tested and corrected.  

Virtual reality models are also used in areas which may seem less serious, but are 
not less important from the point of view of societies’ full development, i.e. areas 
related to entertainment. The industry relying on mathematical models on the basis of 
which software for computer games is created, is flourishing owing to the enormous 
interest of the users, not only children and youth, but also adult people, thus providing 
inspiration for dynamic works on further development of computer software. Many of 
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these programmes are related to broadly understood education, also based on mathe-
matical models, computer tools and access to the Internet. Many schools and open 
universities ensure access to education (lectures, workshops, classes etc.) through the 
Internet tools and links. Undoubtedly, the wide range of the Internet has intensified 
the process of globalisation [6]. The Internet facilitates integration, the flow of knowl-
edge and stimulates innovations. However, easy access to different kinds of informa-
tion as well as the lack of objective evaluation may enhance wrong interpretation, and 
in consequence lead to unrealistic solutions.  

2   The Computer versus the Concept of a New Built Environment 

Over the last 50 years the world population has grown three times, and the industrial 
production has increased as many as several times. The current model of civilization 
development leads to irreversible degradation of the natural environment.  Apart from 
different, broadly understood threats which occur or may occur in human settlements, 
a matter of great importance seems the relationship between the built environment 
and the natural one. The quality of our lives depends on the environment in which we 
live. The current knowledge indicates that care over the natural environment in all 
kinds of human activity is important for both our own and future generations’ stan-
dards of living. 

Creation of the contemporary built environment should be based on the assump-
tions of sustainable development, which among others include: optimisation of raw 
materials mining technology, optimisation of building materials production and build-
ings construction, optimising the use of buildings thanks to assuming the comfort 
conditions adjusted to the needs as well as minimisation of energy consumption, re-
duction of pollution emissions and making use of renewable energy carriers.  Eco-
nomic, social and cultural factors should also be taken into consideration.  

Currently, one of the criteria of evaluating the contemporary built environment 
quality is the assessment of its impact on the natural environment, and in conse-
quence, the influence on the users’ health. Attempts are being made to change the 
applied technologies and build new, profitable, effective and lasting tools to optimise 
the management and consumption of energy in all economy branches.  

The construction industry consumes ca 50% of electrical energy (45% - use of 
buildings, 5% - construction) and 50% of materials, 70% of wood products, 40% of 
water; it employs more than 100 million workers and has a 10% contribution in total 
production [2], and exerts a very big influence on the quality of both natural and built 
environment. In view of the threat that it poses to the environment, in the author’s 
opinion, some principles of implementing the sustainable development ideas in this 
area are worth analysing.  

Decisions taken at the stage of design concepts have a direct influence on the qual-
ity of both built and natural environment. For this reason, the design process, aimed at 
working out an optimal design solution which takes into account contemporary func-
tional, technical, material, ecological and energy needs, requires interdisciplinary 
participation of a panel of experts. In so integrated design process, the quantity and 
variety of information to be interpreted and decisions to be taken require the use of 
tools supporting a designer. Supporting the work of the man, as a creator, with  
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computer tools and computer programmes based on mathematical models becomes a 
necessity.  

Different simulation methods and programmes (e.g. CABD – Computer Aided 
Building Design subsystems) allow testing and evaluation of solutions in the context 
of an assumed model of evaluating the rationality of the adopted solutions. They sup-
port localization decisions, functional-spatial and formal solutions, energy effective-
ness and optimisation of technical equipment elements. They allow optimising the 
form of structures in ecological and energy terms.  

Programs implementing the ideas of sustainable development may be divided into 
basic thematic groups concerning:  

− thermal optimisation,  
− optimisation of the environment – programmes related to buildings LCA – Life 

Cycle Assessments, e.g. LEED, BREAM, ECO-PRO,  
− design optimisation – e.g. Solarch written as part of EU THERMINE and 
− programmes for sustainable investments design – SpeAR [6]. 

Owing to innovative high-tech technologies supported by mathematical models, the 
commonly applied technology does not have to pose a threat to the natural environ-
ment, it is transformed into an eco-technology.  

The advancement of automatic control engineering brought a possibility of creating 
a new type of buildings – intelligent buildings, which owing to the installed automatic 
devices, control and ICT technology, react to external and internal stimuli. Thanks to 
ICT, there is a possibility of controlling a building from outside. Simulations and 
analyses of a building’s work and its devices make it possible to program the internal 
conditions that allow reducing the costs of the building use and reducing the influence 
on the natural environment [7]. 

Two integrated systems of building technology function in intelligent buildings: a 
system of the technical service of a building, responsible for internal comfort, and a 
system of building intelligence, i.e. a system for controlling all the installations, de-
vices and equipment. A system of technical building service ensures the safety of use, 
utilities delivery and mechanical equipment work. A building intelligence system 
ensures electronic control and management of a building, its mechanical devices, 
installations and technical equipment as well as communication with the building via 
computer data, voice, image, tele-transmission.  

Building automatic devices make it possible to regulate the lighting, heating, venti-
lation etc. Computers and automatic monitoring programmes optimize the work of 
these devices. Facility Management computer programmes, which are applied in 
intelligent buildings, support the attempts to reduce maintenance costs while keeping 
a high quality standard of use and internal climate. Sustainable intelligent buildings, 
the idea of which is to reduce the influence on the natural environment, are even more 
advanced solutions.   

In the existing, modernised buildings, the innovative solutions leading to an im-
proved energy efficiency of buildings are based on ICT technologies and monitoring 
systems, e.g. “smart metering”. Their work is among others aided by: feedback in-
formation systems (F.I.S.) enabling a precise measurement of the consumed energy, 
transmission and storage of data, provision of methods and tools for data analysis in  
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order to find the ways of energy optimization and selection of building and monitor-
ing automatics using intelligent tools for ventilation and air-conditioning control sys-
tems - HVAC, lighting, protection against overheating or excessive cooling, while 
taking into consideration individual needs of the users [3]. The users have to be prop-
erly prepared, and above all, they need to be interested in pro-energy activity. In this 
case it is necessary to popularise knowledge and provide general access to informa-
tion and education.  

The relationship between ICT and communication - ICT technologies enable em-
ployees, customers and other users to communicate, acquire knowledge and informa-
tion from a distance, make arrangements and do business without having to move. 
Owing to the use of computers, most human activities (work, education, contact with 
other people, entertainment) may become decentralized. The resulting limitation of 
the need to move leads to a reduction in the number of transport roads. For economic 
and ecological reasons such as solution is beneficial. It has an influence on the reduc-
tion of environment pollutions and CO2 emissions caused by road transport and al-
lows reducing the costs of transport infrastructure construction and means of transport 
production. Another advantage is the optimal organization of work and time savings.  

3   The Computer as a Design Tool  

Computer technologies have become a tool of a contemporary designer’s work. Start-
ing with interior design aided by virtual graphic programmes, through designs of 
single-family houses and finishing with multi-branch facilities and complicated engi-
neering constructions, the use of advanced software for analysis and simulation and 
consistent coordination of multi-branch design works becomes a necessity.  

It was among others digital models and virtual reality technologies that led to the 
appearance of the phenomenon of extreme engineering, presented in ambitious archi-
tectural and construction designs with fascinating architectural forms, shocking con-
structional and technological solutions, using the achievements of material engineer-
ing. The examples include: the Burj Khalifa in Dubai – the highest skyscraper in the 
world (828m high), Millau – the highest 8-span cable-stayed viaduct in the world 
(length – 2460m, the tallest support height – 245m, pylon height – 98m) or Three 
Gorges Dam on the Jangcy River (2300m in length, 40-155m in width and 185m in 
height).  

Only a few years ago all the drawings came from flat CAD systems. At the mo-
ment a flat drawing is often generated from a three-dimensional model of a designed 
structure. Also the data generated from a model is used to carry out strength and 
thermal calculations, generate lists, etc.  

Companies dealing with 3D design software (Bentley, Autodesk, Graphisoft and 
specialist Aveva or Intergraph), propose a wide range of programmes to support par-
ticular design tasks. Such products include e.g. Generative Components – which  
enable modelling at the stage of body design, Bentley Architecture, AutoCAD Archi-
tecture, AutoCAD Revit Architecture for architectural designs, 3D MaxDesign Auto-
CAD allowing spectacular design visualizations, Structural Modeler for construction 
design or Building Mechanical Systems, Electrical Systems for systems design. There 
are also other programmes which are used for strength and thermal calculations or 
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evaluating the energy efficiency of buildings. There are programmes enabling team 
work in many disciplines e.g. ProjectWise Project Team Collaboration and BIM 
Server. 

A data library and elements directories make it possible to automate and accelerate 
the design process when supplementing documentation with lists, charts and tables. 
Moreover, automatically generated documentation on the completed model guaran-
tees the updateness and higher quality of the design, as well as coordination of  all its 
elements.  Also, tools of communication with specialist applications and tools for 
exporting the complete design documentation to external systems, e.g. to the office of 
an investor or contractor are applied on an increasing basis.  The idea is to make use 
of information concerning the whole database which is contained in a 3D model.  This 
is done by the systems of Building Information Modeling (BIM) in the building 
branch and Engineering Design and Management (EDM) in building engineering, 
which are related to the systems of facility management and service or the systems of 
production control. NET programmes also ensure the integration of design data with a 
database used for the management and use of facilities (Smart Plant Enterprise) [5].  

The currently used 3D models of design documentation in a form of digital files 
are supposed to facilitate management of buildings in use, reduce the costs of mainte-
nance and enable control over the influence on the natural environment. The function-
ality of databases for buildings used in the future will depend on the system of  
modelling applied in the design. Both in case of architectural structures (residential, 
public etc.), where the leading role belongs to the conceptual work of architects, and 
in case of industrial, production facilities in which the processes are subject to tech-
nology and systems, the process of designing is now based on systems, and not only 
single programmes.  

With such a wide range of computer software applications in designing, coordina-
tion between different products is enabled by OpenPlant software, which supports 
cooperation in various programmes. Plant programmes (Plant Design and Manage-
ment (Aveva), Plant Design System (Intergraph) or the latest Smart Plant 3D, allow 
3D modelling of whole industrial plants, their construction together with technical 
equipment and technology.  

The fact that a high number of design support and optimisation programmes are 
being used is proved by the necessity of creating software which is an interactive 
database of the software applied in the design process  [6]. 

4   The Computer and the Shaping of Interior Microclimate 

For many years research has been done to establish the influence of different envi-
ronment parameters on the health and thermal comfort of recipients. In both modern 
residential and public buildings the tendency is to use hybrid ventilation methods, 
which consist in combining natural and mechanical systems. Mathematical models are 
applied, which allow predicting the quality and parameters of an internal environment 
in various conditions and its effect on the man as well as consequences of various 
design variants. They are therefore important for the overall optimisation of the build-
ings’ influence. The crucial aim is to develop models creating principles of sustain-
able development to be used by specialist construction engineers, architects as well as 
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designers of heating , ventilation and air-conditioning systems in the process of taking 
final decisions [3].  

Another important issue is the influence of thermal conditions, the quality of air 
and noise on comfort, heath and work efficiency. Among others due to economic 
considerations, particularly in workplaces, an emphasis is placed on determining the 
relationships between the internal environment and the health and work efficiency of 
the users. It is known that badly designed buildings may harm their users through the 
unhealthy microclimate of interiors. According to the data of World Health Organisa-
tion, users complain about eye and ear disorders, throat irritation, dry mucous mem-
branes, fatigue, headaches, nausea etc. Absence due to incapacity for work is on the 
increase. The most frequent cause of these disorders is the wrong work of ventilation 
and air-conditioning systems, overheated rooms, the lack of a possibility to regulate 
the air temperature and open the windows, wrong lighting or its absence as well as 
building materials. Single elements of the man’s physical environment (temperature, 
humidity, air flow velocity, noise, lighting, colours, interior design etc.), especially in 
a closed environment like the interiors of buildings, affect the users simultaneously 
and interact with one another. In the context of the amount of consumed energy, com-
fort and work efficiency, enabling a user to individually regulate basic parameters 
responsible for the microclimate/microenvironment is an extremely important ele-
ment. This requires the use of individual environment control systems and installing a 
local personal ventilation system with individual regulation [3]. It is necessary to 
arouse pro-ecological awareness among the society.  

The observations indicate that user-dependent control over individual systems in a 
building, due to the lack of users’ awareness and commitment, causes a situation in 
which the input data and computer simulations concerning a limited consumption of 
energy in buildings, which are conducted at the stage of concept and design works, 
adversely differ from the measurements at the stage of building use.  

5   ICT versus Economy  

Both for individual recipients and enterprises in all sectors of economy, computer 
networks and access to the Internet have become an article of everyday use. Ad-
vanced infrastructures and communication services often go beyond the systems and 
technologies themselves. They play an important role in contemporary economy, 
stimulate new management methods, new models of activity in digital economy, as 
well as competition-based development of businesses.  

One of the most popular ICT products in economy is e-Business, the development 
of which was determined by the first Internet breakthrough at the end of the 1990s (e-
Business 1.0) and the introduction of new economics principles involving a reduction 
of costs (e-Business 2.0) at the beginning of the 21st century [10]. Its current version, 
e-Business 3.0, is very closely related to another popular ICT product, e-commerce.  

Apart from reducing the costs, current ICT technologies in economy are used as 
innovation tools for introducing new services and work methods within “value 
chains”, to create new economy sectors dealing with company services within the 
scope of business focused on customer service and outsourcing, involving the ex-
change of data between companies.  
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The investigations conducted by Sectoral e-Business Watch indicate that ICT 
products, e-Business, and especially e-commerce (e-supply and e-sale) via the Inter-
net are used to the greatest extent in the United States, whereas the use of ICT for 
internal operations management is similar in Europe and the USA[10]. The situation 
concerns five sectors of economy subjected to research: the chemical industry, metal-
lurgical industry, retail, transport and bank sector.  

Also the role of ICT in the implementation of sustainable development ideas in 
economy and industry sectors is increasingly important. The potential of ICT allows 
improving the energy efficiency and reducing the amount of energy consumed. An 
increase in energy costs and pro-ecological policy are catalysts for introducing new 
ICT systems, which among others are used for energy management in companies.  

The fact that new ICT models reduce the costs and increase the transparency of 
processes and operations influences their wide use in business and economic activity. 
To facilitate it, we use software (e.g. Open Office) enabling the coordination of activi-
ties in different environments.  

Companies replace document-based, manually conducted business processes with 
electronic systems of data exchange. They carry out direct electronic transactions 
thanks to communication with a client via e-application.  

Design offices and production companies use CAD software and 3D tools in de-
sign and production processes.  

In the bank sector there are now two common models of customer service – provi-
sion of basic, traditional bank services via the Internet by means of transmission net-
works, and advanced services provided while maintaining direct contact with a client.  

Analyses of microdata collected in investigations conducted by Sectoral e-Business 
Watch in the years 2007-2008, prove that 55-70% of the surveyed companies in five 
economy sectors: the chemical industry, metallurgical industry, retail sector, transport 
and bank sector, forecast that ICT technologies introduced in their companies will 
have a positive influence on their development to a large, or at least medium extent.  

On the one hand, the availability of software and the skills to use it enable applying 
the latest multimedia technologies [1][6], and on the other hand, considerably acceler-
ates business and economic processes. It also allows increasing the effectiveness of 
work organization and automation of some activities.  

Analyses of the effect of ICT application in various economy sectors show that 
owing to computer devices application, the general effectiveness of energy use is 
reduced, but it grows due to the IT infrastructure itself. This refers to computers, 
monitors, printers, scanners and other IT equipment. It has been demonstrated that 
limiting the consumption of energy in a stand-by mode by unplugging the equipment 
as well as a proper selection of equipment efficiency to suit the real needs, has a con-
siderable influence on reducing this problem [9].  

The investigations conducted in Poland in the year 20091,which concerned the 
awareness of Polish business people of the effect of IT technologies’ introduction on 
the environment and energy consumption level, show that the vast majority of entre-
preneurs are aware of the effect on the natural environment (94%) and take into con-
sideration the energy efficiency of equipment (46%). However, the main factor influ-
encing the purchase of equipment is quality (84%) and price (85%) [9].  

                                                           
1 IDG investigations ordered by D-link sp. z o.o. in 2009. 



386 B. Majerska-Palubicka 

6   ICT in European Research Programmes 

The progress of science is often inspired by technological needs. Sometimes proto-
type solutions require scientific justification. The significance as well as economic, 
ecological and social benefits resulting from marketing ICT solutions which make use 
of revolutionary IT and computer technologies are among others proved by govern-
mental and international projects.  

Investments in IT and communications technologies are crucial for the global eco-
nomic growth and the increase of businesses’ innovation and competitiveness, as well 
as for the provision of new jobs. The European Commission carries out programmes 
which support the use of IT and communications technologies’ achievements by small 
and big European companies.  One of the programmes is “The ICT Policy Support 
Programme” (ICT PSP) followed in years 2007-2013. Its aim is to support innovation 
and competitiveness by popularising the effective use of ICT by citizens, administra-
tion institutions and enterprises [8].  

The elimination of organizational barriers and promotion of innovative technologi-
cal solutions’ application in order to increase the level of digital contents’ availability 
in a multi-language environment is the aim of eContentplus programme, followed in 
the years 2005-2008. It refers to market areas in which progress is slow [8].  

7   Ending  

The man adapts to living in a new environment which he has built himself in the natu-
ral environment through the development of technology and technological elements. 
A statement might be risked that the man has even taken a liking to this environment 
as it is more predictable compared to the natural one. The problem lies in the fact that 
the extent of human interference in the nature results in dangerous threats and fail-
ures. The aim is to create a triad – Nature – Man – Technology, which maintains an 
equilibrium of all the elements. It has to be remembered that given the numerous 
imperfections of the modern technology, the wish to replace the ecosphere with the 
technosphere may be tantamount to a disaster for the mankind.  

Taking into consideration the fact that we have complex design tools and advanced 
computer technologies, it seems that an obstacle on the road to eco-technology devel-
opment are mental and economic reasons, and not technological problems. Despite 
unceasing efforts to reduce the costs, ecological solutions are still more expensive that 
conventional ones, and currently prevailing mentality is too narrow-minded to over-
come this barrier. Therefore, what we need is a mental revolution which would 
change the living standards in consistence with the natural environment.  

In knowledge-based economy the matter of particular importance is the skill in 
benefiting from the growing resources of information, technological means of its 
collection, processing and transmission of information. This requires a high level of 
education and creativity on the part of researchers, especially in such areas as bio-
technology, genetics, microenergetics, new materials technology, renewable energy 
sources etc. as well as technological innovation, especially in IT and telecommunica-
tions branches.  
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The use of solar energy as a renewable source, genetic engineering enabling the 
use of solar energy without location limitations and the Internet, which ensures fast 
and easy access to any information [1], provide a chance for creating economic and 
social structures which will become an inherent part of sustainable development 
ideas. Moreover, when properly used, new ICT technologies contribute to a signifi-
cant economic growth. 
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