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Abstract
In order to explain research plans for long term program of energy research centers, there is a need 
for documenting technology strategy of center to help decision makers to decide effectively. The 
first step in defining technology strategy and policy of an institution is identifying the technology 
disciplines related to the institution activities. Therefore, technology mapping is used as a tool to 
identify energy efficient technologies, systematically and comprehensively. The field of energy is 
broad and multidisciplinary, in addition it is one of the main divisions in Iran`s master plan for 
1404 as first uphanded document so technology mapping is used as preferable method for 
technology identification. At the beginning via strategic analysis, missions and probable fields of 
activities were specified. After that, by studying different resources such as energy management 
reference books, report and roadmpas of international organizations and institutions, technology 
policy of developed countries, national upstream documents of energy field, technology plans of 
similar international research organizations, considering the expert ideas and utilizing technology 
management and thermodynamic principles, technology mapping of the fields of energy efficiency 
for fossil and clean energy was achieved in shape of technology tree. According to capital 
approach used in this project, the obtained technology tree can be used as a basis for decision 
making and innovating of managers and top experts in the field of energy in order to define 
research projects and utilizing appropriate technologies to resolve energy-environment challenges 
in Iran.
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1. Introduction
According to the outlook of future energy, developed countries are preparing themselves for three 

main challenges in energy field. The first challenge which should be answered in a short period is 
demand management and increasing energy efficiency in different sections of industry. Therefore one 
of the main solutions is developing and distributing technologies that allow maximum and optimized 
use of fossil energy carriers. 

The second challenge is providing secure energy as energy security. This challenge has several 
political, securities, economic and technologic aspects. To answer this challenge energy saving 
technologies became more important, especially with developments in renewable energies.

The third challenge which energy countries will face in mid and long term is providing and using 
energy in a clean and sustainable way. Each production and consumption process can result in 
environmental pollution, especially greenhouse gases that are distributed during production and 
consumption processes will lead to global warming. Therefore, it is obvious that choosing renewable 
energies and alternative fuels is a fundamental solution for challenges facing the world in energy field.
Apparently, solutions to these needs would be possible by research and development in prior subjects.
in order to do that, every energy research center should document its research plan for developing 
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energy technologies.  The first step is identifying the different options in technologies related to the 
mission of the center. There are several methods for identifying and categorizing technologies, 
however the way of choosing them is not mentioned in literature. Thus, selecting an appropriate 
method was one of the main challenges of this article.

In this paper, after a review on technology management and its role in technology oriented 
organizations, the way of choosing a suitable method for categorizing energy technologies is 
mentioned. The focus of this paper would be on the energy efficiency and conservation.

2. Necessity of Technology Management
Technology can be defined as all knowledge, process, tools, methods and systems used to 

produce goods and to present services. Management is the art of conducting and organizing in the way 
of goals. Technology management is an interdisciplinary proficiency that integrates sciences and 
engineering with management knowledge, and emphasizes on technology to provide wealth.

Some researchers [1] agree that technology management consists of main activities as follows:
technology identification includes preparing a list of existing and necessary technologies for products 
and processes of a company or organization. Due to the strategic and operating goals and also due to 
limitations, organizations have to choose name of the listed technologies in technology identification 
step. The selected technologies are organizations priorities for investments and development. This 
process is called technology selection. After selecting technologies, the way of technology acquisition
is an important activity and usually ascertained by internal development, technology transfer or a 
combination of these two. technology utilization includes commercializing acquired technologies. In 
addition, technology utilization has two aspects; first, acquired technology can be utilized in producing 
goods and improving goods and services. Second, the technology may lose its initial importance after 
time, thus organization try to sell the technology to other organizations in order to get its advantage.

2.1. Different Approaches for Technology Identification
Technology identification which is named as one of the main and primary activities of 

technology management in various aspects like technology prediction and technology planning is 
investigated as the first step of codification of technology development strategy. Technology 
identification means gathering a list of current and required technologies to produce goods or to offer 
services for an organization or company. Technology identification can be done with respect to 
technology elements. In one of the presented patterns [2] technology identification includes 6 sections 
which are as follows:

1) technology components, 2) devices, 3)processes, 4) systems, 5)primary materials and 
resources, 6) applications.

Different methods for technology identification are presented in the literature, which are as 
follows; Process- based approach: a process is a set of activities that changes one or several inputs to 
one or several outputs. According to this view, an organization consists of three groups of process that 
are operating, supporting and managing processes[3].

Value chain of technology Method: this method was presented by Michael Porter in 1985. In his 
opinion, each company is a set of activities like designing, production, marketing, selling and 
providing services. Value chain is a prevalent tool for identifying technologies of a company. 

QFD Method: This is one of the methods used for Total Quality Management (TQM) and detects 
the costumer’s expectations from the presented product/service. QFD is an appropriate tool for 
identifying products/ services technologies[4].

2.2. Technology Mapping Method
Knowledge mapping is known as a tool for technology management. Drawing the map is an ideal 

way to illustrate the knowledge elements and can provide a precise understanding of the subject. In a 
simple definition, mapping consists of lines and knots. Each knot depicts a subject, an issue of a 
technology and lines show the relation among knots. There are four famous methods for technology 

www.SID.ir



Arc
hive

 of
 S

ID

                  The 4th National Conference on Management of Technology

3

mapping which are: 1) chronological mapping, 2) Co- word based mapping, 3) Cognitive mapping and 
4) conceptual mapping [3].

In this paper conceptual mapping method is used with the aid of systematic view.

3. Steps Before Mapping
Technology mapping enables planning manager to choose technologies with the most effects of 

their activities. Preparing such maps can help planning managers and futurists to identify, supervise 
and follow technologies effective to their products and services. In this article following steps have 
been completed to gain proper technology tree. 

3.1. Setting the Goals
Provided that the technology mapping goal is known, the appropriate mapping type and the 

amount of necessary information for planning manager and technology managers can be specified.
The goal of conducting this case is identifying the role of energy research centers, defining R&D 
priorities in energy field and designing a plan in order to promote technological abilities. So after 
indicating the mission of the organization in efficient technologies, next step would be identifying and 
categorizing the technology areas. In order to do that, conceptual mapping was used with some issues.

3.2. Specifying Study Domain
Specifying study domain will lead to faster and simpler usage of the mapping instead of 

considering the unnecessary details. In order to carry out this project, first step would be defining a 
boundary for the study. This boundary, which is illustrated in Figure 1, includes oil and gas fossil 
fuels, transportation fuels, and fuel and heat for industrial consumers. In addition, processing, 
distribution and transfer cycles are considered in energy supply chain.

Fig1: specifying study boundary.

3.3 Specifying Identification Range
This will play an important role in surveying and analyzing the map by experts and technology 

planning managers. Hereupon, a comprehensive study of similar centers around the world was done in 
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three groups of developed countries, developing countries and energy producing countries, in order to 
take a look at pioneer institutes.

3.4 Technical Identification of Technology
Having a technical identification about technology simplifies finding the scientific areas at the 

technology and insures the sufficiency of technology identification. main energy consumers are 
buildings, transportations, industry, power generations, refineries and energy carriers.

Transportation section
     This section is one of the most challenging and energy consuming section in Iran. In a way 

that gasoline tension threatens the country, and Iran became a major importer of gasoline and also 
danger of gasoline sanction.

Industry and distribution section
     Although industry consumes less energy in comparison with other sections, efficiency and 

intensity of energy usage is extremely low in this section. Old equipments, energy consuming and 
non-efficient processes, no recovering processes, not considering new technologies, untrained 
personnel and no energy management system are main challenges and problems in industry section.

Building section
This is one of the most energy consuming sections in Iran. Building section has its own 

intrication in energy consumption which confronts energy conservation methods with a lot of 
problems. In this section, we will face existing and under construction buildings and also future 
buildings.

3.5 Surveying Experts Opinion
Using expert's opinion in technology related fields will lead to profound technology 

identification. Thus, several interviews were conducted with managers and experts in research centers 
and organizations with functions in energy field.

4. Categorizing Energy Conservation and Energy Efficiency Technologies
As mentioned before, three groups of technologies form energy trend in today world; 

technologies that confront fossil energy challenge, technologies that face energy security challenge, 
and technologies that fight against environmental challenges and will lead to energy efficiency [5]. In 
this paper, the focus of technology mapping would be on fossil energy technologies improvements and 
efficiency.

In order to categorize technologies and main methods of efficient use for energy, the concept of 
energy system is used [6]. The basis of an energy system is a process which is necessary for energy 
generation and conversion and its application, such as iron melting process or the process of providing 
water for an apartment. Thriving of this process depends on special equipments; these equipments 
serve to change different types of energy, to generate, recover, store and transport energy. Each energy 
system has an energy carrier such as fuels, electricity, hydrogen or a working fluid that transport 
energy in the chemical, electrical or heat forms.

Like every other systems, energy system separates from its environment with a boundary which 
every transactions with environment happens through this boundary. In figure 2 we have shown this 
process.

Therefore, in order to improve energy conservation in an energy system, an appropriate change in 
each element of the system like process, equipment, boundary, energy carriage and working fluid 
would be effective. As a result, according to aforesaid issues and studying lots of reliable handbooks 
of energy management field, following categorization is presented for energy conservation methods 
and technologies. It should be noted that electricity technologies are excluded.
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Fig 2: energy system principle.

4.1 Energy Conservation Through Process Operation Situation Improvements
As mentioned before, every energy production, conversion and consumption are made through 

a process. Therefore, if the process conceptual design was optimized, and if operating situation was 
appropriately set up, energy efficiency promotion could be possible. In addition to improve the 
conceptual design, following methods are also mentioned in the literature ([7]-[9]). For energy 
efficiency and conservation:

1- Methods based on Heat Recovery
2- Methods based on recovering and generation of electric power from some process streams.
3- Methods based on energy recovering from some process streams.
4- Methods based on refrigeration concepts.

4.2 Energy Conservation Through Utilizing and Developing Equipments
In this approach, equipments and not process are considered, utilizing superfacial improvements, 

innovations and developments in such technologies can be one of the goals. These equipments are: 
1. Equipments that incorporate in electricity, material and heat recovery.
2. Process and operation equipments that have high efficiency.
3. Energy conversion and transfer equipments that have high efficiency.
4. Energy storage equipments.

Energy storage technologies are important because of two aspects. Firstly, while heat recovery energy 
from recovered heat may exceed the demanded energy in production section or building. Thus if we 
don’t save the recovered energy, it will be lost and no benefit will be gained from heat recovery 
process. Figure 3 shows the difference between available and demanded energy. Secondly, energy 
storage technologies are important because of the ever increasing development of renewable energies. 
Since energy generation from resources such as sun and wind cannot be consistent, using energy 
saving technologies are crucial and inevitable.

4.3 Methods and Technologies for Energy Conservation in System Boundary
An energy system exchanges heat with its environment via boundary. This heat exchange is 

sometimes desirable and sometimes not. So, improving the amount of heat transfer is very important. 
Heat transfer improvements can be done through two approaches. The first is using equipments and 
technologies at the system boundary. Appropriate construction materials, double walled glasses, 
industrial and constructional insulations using conducting materials in industrial equipments are some 
of these technologies and equipments. The second approach is efficient use and design of heat transfer 
mechanisms which are: conduction, convection and radiation.
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Fig 3:difference between production and demand side in an industrial unit[10]

4.4 Energy Conservation Through Promoting Energy Carriers
One of the important parts of an energy system is energy carrier. Energy carriers are divided 

as fuel, hydrogen, electricity and heat. In addition, with developments in nanotechnology, nanofluids 
are presented as new carriers.

4.5 Energy Conservation Through Systematic Methods and Technologies
If we neglect systematic view, lots of opportunities and methods for energy conservation will 

be missed. Systematic view to a building or a unit, and industrial section or an automobile will lead to 
technologies like process integrated control and energy equipment control.

5. Energy Technology Tree
Figure 4 shows the technology tree of energy which is the output of this article. In this tree, the 

technologies related to energy are divided into three general sections:
1- Clean and sustainable energies.

       2-  Main methods and technologies of energy efficiency
       3- Auxiliary methods and technologies for applying energy efficient methods and technologies.

The illustrated technology tree is the basis for further R&D investment plans

6. Conclusion 
Since it is after identification that decision making, transfer to the industry and empowering the 

industry for production can be possible, this categorizing can also be used as a tool to some 
technologic innovations. From strategic management point of view, this process leads to supporting 
projects and plans that can provide power and wealth for the country. This is done in order to prepare 
for decision makers to choose the most appropriate investigation plans. Because of the capital 
approach considered in this project, the technology tree can be a basis to decide and to innovate for 
managers and top experts in energy field to apply the best technologies that can address energy and 
environment challenges.
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Fig4: energy technology tree.
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