
Introduction
This article is part of the Research Project 

Clean Technologies-Phase 2: The Impact of trans-
ferring Clean Technologies on Social Housing in 
Brazil and Colombia, from the research line in 
Technology, Environment, and Sustainability. 
The Universidad Católica de Colombia funded 
this research.

For construction firms, transferring green tech-
nologies is complex and depends on the rela-
tionship between different variables involved. 
As an example of the above, the choice of 
materials with high built-in energy content 
implies a high initial level of energy consump-
tion at the buildings’ production stage but also 
determines future energy consumption to meet 
the demands of heating, ventilation and air con-
ditioning (Zabalza, Valero & Aranda, 2011, pp. 
1133-1134).

Also, with a view of the standards of each 
country, energy consumption in buildings is a 
key factor in achieving national and interna-
tional CO2 emission targets. In this respect, the 
economic savings for the construction of build-
ings are limited and challenging to implement 
(Zucker et al., 2016, pp. 153-154). 

Building renovation is a real opportunity to 
meet the current challenges of primary energy 
reduction and global warming, but it is not 
enough in terms of technology and sustainable 
adaptation of buildings. Likewise, it has been 
identified that the concept of balance is cen-
tral to implementing energy-efficiency-oriented 
technologies; this is true in the development 
of zero-carbon buildings (Sartori, Napolitano & 
Voss, 2012, pp. 220-221).

In this regard, for example, the energy needed 
to maintain optimal indoor environmental con-
ditions is 35 % of the total energy consumption 
in office buildings (Salcido, Abdul & Issa, 2016, 
p. 1008). In contrast, some studies, such as the 
one by Pisello et al., (2016, p. 872), assess the 
impact of natural ventilation while predicting the 
energy demand of buildings, as they substantially 
affect the indoor environmental quality and 
thermal comfort.
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Abstract
The green technology transfer is complex for construction firms. A solution is to analyze 
it as a social network since, if the different relationships between the actors in the cons-
truction sector can be identified, it would be possible to assess the technology adaptation 
capacity of these actors. The aim was to test the transfer of green technology between 
international construction companies that are engaged in building social or accessible hou-
sing. To this end, two countries with the capacity to transfer green technology (United 
Kingdom and the United States) and two countries with less technological capacity and 
with the potential to adjust to these technologies (Brazil and Colombia) were identified. 
Subsequently, five construction firms were selected in each country with which a network 
analysis was carried out (degree, intensity, proximity, and density) and then simulation was 
performed. As a result, the technological transfer capacity of Latin American companies to 
accept and adapt technologies from companies in industrialized countries was identified. 
It is expected to be able to develop measurement indicators for the technology transfer 
process that allow a better understanding of the complexity of social housing.

Keywords: technological adaptation; green buildings; construction industry; construction 
field; technology transfer; affordable housing; social housing.

Resumen 
La transferencia de tecnología sostenible es compleja para las firmas de construcción. Una 
posible solución es analizar esa clase de transferencia como una red social ya que, si se iden-
tifican las diferentes relaciones entre los actores del sector de la construcción, es posible 
evaluar la capacidad de adaptación tecnológica de dichos actores. El objetivo fue evaluar 
la transferencia de tecnología sostenible entre empresas constructoras internacionales que 
se dedican a construir vivienda social o accesible. Para esto, se identificaron dos países 
con capacidad de transferencia de tecnología sostenible (Reino Unido y Estados Unidos) y 
dos países de menor capacidad tecnológica y con potencial de adaptarse a dichas tecnolo-
gías (Brasil y Colombia); posteriormente, se seleccionaron cinco firmas constructoras por 
cada país, con las cuales se hizo un análisis de redes (brasilbragrado, intensidad, cercanía y 
densidad), y luego, procesos de simulación. Como resultado se identificó la capacidad de 
transferencia tecnológica que tienen las empresas latinoamericanas para aceptar y adaptar 
tecnologías de empresas de países industrializados, y se espera poder desarrollar indicado-
res de medición de transferencia tecnológica que permitan comprender mejor la comple-
jidad de la vivienda social.

Palabras clave: adaptación tecnológica; edificaciones sostenibles; industria de la construc-
ción; sector de la construcción; transferencia tecnología; vivienda accesible; vivienda social.
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Some authors, like Panchal et al. (2016, p. 
900), have studied the overall energy efficiency of 
single generation and multigenerational systems. 
In that respect, it is noted that the energy effi-
ciency of the multigenerational system is superior 
to the single generation system. Achieving sus-
tainability objectives in the construction sector 
involves adopting sustainable business models 
and energy efficiency measures (Moschetti & 
Bratteb, 2016, p. 436).

The above leads to identifying research gaps 
in the area. In response to growing concerns 
about climate change and the environment, 
green building design is increasingly demanded 
from users. However, rapid evaluation of var-
ious design options requires the application of 
analysis tools such as energy modelling, in addi-
tion to natural light and ventilation simulations 
(Niknam & Karshenas,2015, p. 910). 

According to the authors reviewed, energy 
analysis requires collecting energy-related infor-
mation from different sources and introducing 
it into an energy analysis application, which 
involves a time-consuming process. This analysis 
causes delays and increases the time to compare 
different design alternatives.

Currently, design decisions are mainly reduced 
to an energy efficiency criterion within the sus-
tainability assessment of buildings (Niknam & 
Karshenas, 2015, p. 911). Due to the interde-
pendence of criteria, the current approach is 
applied linearly and does not consider other 
criteria aimed at seeing the design in a holistic 
way in order to achieve a better development of 
buildings. 

Therefore, the systemic approach is a better 
alternative to the energy assessment of build-
ings. Other proposals are aimed at the economic 
assessment of green buildings and to promote 
their development (Liu, Guo & Hu, 2014, p. 37). 
Such is the case of studies conducted in China 
that seek the application of energy efficiency 
technologies in sustainable buildings. 

In this sense, decision-making in environ-
mental projects requires consideration of socio-
political, environmental and economic impacts, 
and this is often complicated by the diverse 
views of the interested parties (Huang, Keisler & 
Linkov, 2011, p. 3579). According to the authors 
reviewed, multi-criteria analysis is an appropriate 

method to address available technical informa-
tion and stakeholder values to support decisions 
in many fields, and may be especially valuable in 
environmental decision-making.

As an example of this, several green building 
classification systems have been proposed since the 
early 1990s (Kim, Oh & Kim, 2013, pp. 203-204). 
According to the authors, most efforts in this area 
can be divided into two main parts: 1) develop-
ment of green building rating systems by identifying 
relevant rating criteria; 2) evaluation of the validity 
of building rating systems. Studies on the qualifica-
tion criteria for green buildings have focused on the 
development of Energy Efficiency assessment items.

Another example in this topic is the city of 
Loviisa, in Finland, which is planning a new sustain-
able residential area with 240,000 m2 of residential 
housing. The city wants to promote green energy 
solutions in the area, considering various forms of 
renewable energy for heating (Kontu et al., 2015, 
pp. 169-170). 

The results of the studies carried out in this 
regard, show that district heating produced by 
biomass-based cogeneration is the most acceptable 
heating alternative, followed by the heat pump 
from the land source, either with or without prefer-
ence information. 

Finally, from this bibliographic review, it can be 
seen that it is of vital importance to introduce the 
technology adaptability assessment in the construc-
tion field with a network vision, since that implies 
having a systematized overview of the construction 
process and orienting it more towards reducing 
environmental impact and improving its energy 
performance. However, this process requires the 
application of such vision to be functional so that 
the construction sector can understand and incor-
porate these concepts into their daily practices. 

According to the reasons explained above, incor-
porating methodologies oriented to multi-purpose 
responses can be a contribution to the building 
construction processes. Therefore, one possibility 
to understand such a problem is to consider this 
complex behaviour as a social network, because, 
in this way, it is possible to study the technology 
transfer capacity in the construction field using 
tools for optimal decision-making. 

According to some authors on the subject, a 
social network analysis can be used as a useful 

Este artículo está disponible en español en la página web de la Revista de Arquitectura (Bogotá) 
https://doi.org/10.14718/RevArq.2020.2562
Análisis de redes para la transferencia de tecnologías sostenibles entre firmas de 
construcción internacionals 

A

Arquitectura176
ISSN: 1657-0308Revista de Arquitectura (Bogotá) 

A
Technology, environment and sustainability
Tecnología, medioambiente y sostenibilidad Análisis de redes para la transferencia de tecnologías sostenibles entre firmas  

de construcción internacional



diagnostic tool to make explicit a hidden flow of 
valuable information in the construction sector 
(Alarcón, Alarcón & Alarcón, 2013, p. 948). For 
example, this method has been used to examine 
how the potential for interference between 
specialized trades is related to the reliability of 
the work plan in construction firms (Abbasian-
Hosseini, Liu & Hsiang, 2015, p. 145). 

Other studies have focused on analysing, through 
networks, the relationship between the perfor-
mance of the project and the organizational 
characteristics of the construction firms (Castillo, 
Alarcón & Pellicer, 2018). Also, network analysis 
has been used to examine cases of collaboration 
between Korean construction firms involved in 
international projects over the past decade (Park 
& Han, 2012, pp. 1460-1461). 

Likewise, some studies have used this method 
to assimilate the relationship between the State 
and the construction sector in implementing 
public policies in Brazil (Marques, Bissoli-Dalvi 
& Alvarez, 2018, p. 187). However, according 
to the literature review, no research related to 
network analysis and the study of technology 
transfer applied to the construction firms has 
been found, which shows a gap in the knowl-
edge required on this subject.

This article aimed to evaluate the transfer 
of green technologies between international 
construction firms that are engaged in building 
social housing - in the case of Latin America, - or 
affordable housing -, in the case of Europe and 
the United States.  Network analysis and simula-
tion were the methods used in this study.

The result was a simulation based on network 
analysis regarding the capacity of the interna-
tionally selected construction firms to make dif-
ferent transfers of green technologies between 
them. By means of this exercise, it is expected 
to develop indicators for the measurement of the 
technology transfer process in the construction 
field in the future that will allow a better under-
standing of the complexity of this process in the 
area of social housing. The article structure is as 
follows: first, the methodology developed and 
the activities carried out to achieve the proposed 
objectives are explained. Second, the study 
results are described. Finally, the conclusions of 
the article are set out.

Method
The present study seeks to confirm the fol-

lowing hypothesis: If the different relationships 
between the actors in the construction sector 
having the capacity to transfer technology for 
the development of social or accessible housing 
on an international scale are identified, then it is 

possible to assess the technological adaptation 
capacity of these actors.

For the design of the network, a type of 
exchange network was defined, in order to 
analyze the technology transfer capacity of the 
different construction firms. At a macro-level, 
the relationships of the network structure was 
identified. At a micro-level, the changes that took 
place in technology when it was transferred by a 
construction firm were specified. The study com-
prised three research phases organized as shown 
in Figure 1.

 � Data collection. At this stage, the following 
activities were carried out: first, two countries 
with the highest technology capacity were 
identified: the United Kingdom and the United 
States. Then, two countries with lower tech-
nological capacity were identified: Brazil and 
Colombia (McKinsey Global Institute, 2017, p. 
13). Subsequently, 20 construction firms were 
selected: five for each country (See Figure 2). 
For the selection of each construction firm, its 
technological capacity was identified and it 
was examined whether those firms developed 
social housing or general housing projects. 
Also, the construction firms were identified 
from the rankings of the best construction 
firms compiled by the governmental agencies 
of the countries under study.

 � Data simulation. This point defined attributes 
and variables for data simulation. Then, a data 
array, named RED-0 was constructed, which 
represents an initial time T0. Three matrix sim-
ulations were then performed, called RED-1, 
RED-2, and RED-3, each, with times T1, T2 
and T3. Finally, all four networks were graphed.

 � Network analysis: For network analysis, a cal-
culation was made of the degree, the intensity 
and the closeness of the network, and also of 
its overall density. Later, the most and least 
influential construction firms in each simula-
tion were identified. With these measurements 
it was possible to identify and determine the 
transfer capacity of green technologies of con-
struction firms from countries with high tech-
nological competence and the construction 
firms with the lowest competence in this area. 
Finally, an analysis of results was performed. 

This study focused its analysis on building rela-
tionships and characteristics between the depen-
dent factor called actors with technological 
transfer capacity and the so-called independent 
factors, namely: the environmental impact, the 
energy efficiency of the building and the Tech-
nology Identification Code. An indicator was 
designed to establish the relationship and effect 
of each of the factors involved in the technology 
transfer of a construction firm. Each variable was 
defined as follows:
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 � Actors with technology transfer capacity. 
These are the actors with the capacity to 
transfer technology in order to make it more 
efficient under the conditions of a given con-
text and environment. In the particular case 
of construction firms, this variable refers to 
technologies oriented to renewable energies 
over conventional ones. For example, some 
low-cost passive and active energy-saving 
technologies have been used successfully by 
construction firms in an energy-saving tech-
nology transformation of office production in 
Tianjin. The results show that energy consump-
tion and maintenance account for most of the 
life cycle cost (Ma et al., 2016, pp. 810-811). 
Another example is the flexibility of the elec-
tricity system by leveraging renewable energy 
generation capabilities in buildings, which is of 
great importance for sustainable development. 
Control systems to implement such demand 
response measures need to quantify the flex-
ibility of the respective buildings (Lopes et al., 
2016, p. 1053). 

 � Environmental impact. It is the effect caused 
by man’s activities on the environment. With 
construction firms, this definition refers to the 

energy consumption of materials and con-
struction processes. In this respect, the litera-
ture review found that, for example, the Dutch 
National Building Code proposes an easily 
applicable method that allows for optimised 
building design concerning environmental 
impacts (Alsema et al., 2016, pp. 519-522). 
The proposed approach is a comprehen-
sive construction performance assessment 
of energy and material demand over the life 
cycle of the building. Therefore, extending this 
approach to other countries for assessing con-
struction processes seems like a logical step, as 
it gives designers a better view of the overall 
building performance. On the other hand, the 
adaptation of existing buildings offers impor-
tant opportunities to improve the comfort and 
well-being of the occupants, and this is being 
considered as one of the main approaches to 
achieving sustainability in the built environ-
ment at a relatively low cost and with high 
absorption rates (Asadi et al., 2014, pp. 444-
445). In this sense, the reviewed authors pro-
pose a multi-target optimisation model that 
uses a genetic and artificial algorithm neural 
network to quantitatively evaluate the tech-
nological options in a building rehabilitation 
project. 

 � Energy efficiency of the building. It is the 
consumption reduction from conventional 
energies in a building in order to save and 
make a rational use thereof, in addition to 
energy consumption in the construction and 
operation processes. For example, simulation 
of building performance is frequently used 
to support building design, renovation and 
operation (Carlucci et al., 2016, pp. 280-281). 
However, modellers traditionally describe 
input technical data accurately, and only have 
a limited interest in investigating the influence 
of occupants’ behaviour on the energy effi-
ciency of buildings. Other authors emphasise 
the thermal energy and comfort performance 
of double-skin facades, which perform better 

A  Figure 1. Methodological 
phases of the study. 
Source: author’s elaboration 
(2019).

 Metodological phases

Data collection

Phase

Identification of construction firms 

 Selection of construction firms

Building a technology indicator 

Ratings of actors

Defining attributes and variables 

 Building data arrays

Network simulation 

Network graphing

Data simulation

Phase

Degree, Betweenness and closeness 

 Network density calculation

Identifying more influential and
less influential actors

Analysis of results

Network analysis

Phase

1 2 3

A  Figure 2. Selection of 
construction firms internationally
Source: author’s elaboration 
(2019).
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compared to double or triple-glazed facades 
(Gelesz & Reith, 2015, pp. 558-559). 

From the above definitions the following indi-
cator was established in order to assess the tech-
nological adaptation capacity in buildings:

Indicator of Actors with Technology Transfer 
Capacity (IATTC) = Technological Environmental 
Impact (TEI) + Energy Efficiency of the Building 
(EEB) + Technological Identification Code (TIC)

(IATTC) = (TEI) + (EEB) + (TIC)

Likewise, to perform the network analysis of 
the technological transfer process of an actor 
representing a construction firm, the following 
nodes were established:

 � An actor with the transfer capacity of tradi-
tional technologies. Is the individual repre-
senting a construction firm that uses traditional 
technologies with high environmental impact.

 � An actor with the transfer capacity of 
thermal insulation technologies. Is the indi-
vidual representing a construction firm that 
uses technologies based on passive strategies.

 � An actor with energy efficiency technology 
transfer capability. Is the individual repre-
senting a construction firm that uses technolo-
gies to reduce energy consumption and com-
bines them with passive strategies.

 � An actor with the transfer capacity of clean 
technologies. Is the individual representing 
a construction firm that uses technologies to 

reduce environmental impacts through the 
analysis of the entire life cycle, both of the 
resources and processes used in the design, 
production, and operation of a building.

 � An actor with the ability to transfer climate-
sensitive technologies. Is the individual rep-
resenting a construction firm that uses com-
putational technologies to identify patterns of 
climate change behaviour that can be used in 
the design, construction and operation pro-
cesses of a building.

 � An actor with the ability to transfer low 
carbon technologies. Is the individual rep-
resenting a construction firm that uses tech-
nologies to produce a minimum of greenhouse 
gases throughout the design, construction and 
operation of a building.

Therefore, for the development of the experi-
ment, it was established that the universe of the 
initial network was 20 nodes, which represented 
the 20 construction firms previously selected 
(Table 1). Then, the organisation and classification 
of the construction firms were done randomly. 
To validate the proposed hypothesis from  the 
designed indicator, a rating of the technologies 
used by each of the construction firms selected 
was employed according to the information pro-
vided by the databases and the web pages of each 
firm. The analysis nodes were numbered from 1 
to 6, so that they could be identified. Likewise, a 
parameterisation of the variables was established 

Actor Countries

Construction Firms

Technology
Social 

Housing /
Affordable 
Housing

Housing

A1 UK X X Climate-sensitive technologies

A2 COL X X Traditional technologies

A3 COL X X Thermal insulation technologies

A4 COL X X Traditional technologies

A5 UK X X Climate-sensitive technologies

A6 UK X X Low-carbon technologies

A7 UK X X Energy efficiency technologies

A8 BRA X X Traditional technologies

A9 UK X X Energy efficiency technologies

A10 BRA X X Traditional technologies

A11 USA X X Energy efficiency technologies

A12 COL X X Thermal insulation technologies

A13 BRA X X Thermal insulation technologies

A14 BRA X X Thermal insulation technologies

A15 USA X X Climate-sensitive technologies

A16 USA X X Thermal insulation technologies

A17 COL X X Traditional technologies

A18 BRA X X Traditional technologies

A19 USA X X Climate-sensitive technologies

A20 USA X X Low-carbon technologies

A  Table 1. Selected 
construction firms and the 
identification of the use of 
green technologies. 
Source: author’s elaboration 
(2019).
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through a score from 1 to 60, organised in 6 
deciles for the independent variables (Table 2). It 
should be noted that the metric designed in that 
initial state of the work only took into account 
positive integers.

On the other hand, the relationship between 
variables was followed by a consistency process 
in the rating process. For example, the greater 
the environmental impact (rating 6), the lower 
the energy efficiency (rating 1). The relationship 
between these two variables is inversely propor-
tional. As a result, a score was obtained for each 
actor between 8 and 13 (Table 3), where 8 was 
the score of the lowest indicator related to the 
technology with the highest impact and lowest 
efficiency, compared to 13, which was the score 
of the highest indicator related to the technology 
of less impact and greater efficiency.

Next, the simulation was carried out.To that 
end, four double-entry matrices were made, 
and the model was ran, which generated four 
network scenarios, and allowed identifying the 
different agents and their relationships. In this 
sense, the identification of each node took place 

A

 Table 2. Parameterization 

A

 of variables for indicator 
construction. 
Source: author’s elaboration 
(2019).

A

 Table 3. Parameterization 

A

 of variables for indicator 
construction.
Source: author’s elaboration 
(2019).

Technology, 
Environmental 
Impact (TEI)

Value
Energy 

Efficiency of the 
Building (EEB)

Value Actors with Technology transfer Capacity 
(ATTC)

Technology 
Identification 
Code (TIC)

0-10 1 0-10 1
Actor with the capacity to transfer traditional 

technologies 
1

11-20 2 11-20 2
Actor with the capacity to transfer thermal 

insulation technologies
2

21-30 3 21-30 3
Actor with the capacity to transfer energy 

efficiency technology
3

31-40 4 31-40 4
Actor with the capacity to transfer clean 

technologies
4

41-50 5 41-50 5
Actor with the ability to transfer climate-sensitive 

technologies
5

51-60 6 51-60 6
Actor with the ability to transfer low carbon 

technologies
6

by establishing that 0 equals no relation, and 1, 
the number of entries that a specific node has 
within the proposed universe. 

Results
Finally, the results of the experiment were vali-

dated in the UCINET 6.682 program, in which 
the different networks were plotted, and  the 
cohesion of the environmental impact and energy 
performance factors was examined against tech-
nological transfer, through the analysis of the 
degree (degree), intermediation (betweenness), 
and proximity (closeness).  These three units 
of measurement allowed to identify and assess 
the capacity level that occurs in the technology 
transfer of a construction firm (Borgatti, Everett & 
Johnson, 2013).

Likewise, the density analysis was performed, 
which identified the number of possible relation-
ships between nodes, and, in turn, visualised 
the general behaviour that occurs when trans-
ferring technology from one construction firm 
to another. Meanwhile, the study of the degree 
showed the number of relationships between the 

Actors with Technological Transfer 
Capacity (ATTC)

Technological, 
Environmental 
Impact (TEI) 

Energy Efficiency 
of the Building 

(EEB) 

Technological 
Identification 
Code (TIC)

Actors with Technological 
Transfer Capacity (ATTC)

Actor with the capacity to transfer 
traditional technologies  

6 1 1 8

Actor with the capacity to transfer thermal 
insulation technologies

5 2 2 9

Actor with the capacity to transfer energy 
efficiency technology

4 3 3 10

Actor with the capacity to transfer clean 
technologies 

3 4 4 11

Actor with the ability to transfer climate-
sensitive technologies

2 5 5 12

Actor with the ability to transfer low carbon 
technologies

1 6 6 13
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A6

A2

A13

A12

A10

A18

A14
A17

A9

A1
A3

A20

A8

A19

A16
A5

A11

A4

A15

A  Table 4. RED-0 Results. 
Source: author’s  elaboration 
(2019).

A
 Figure 3. RED-0 Network. 

Source: UCINET V. 6.682 

Actor Country TEI EEB TIC IATTC Degree Betweenness Closeness
Technology transfer  
Capacity (IATTC) =  
(Degree n.° / Actors)

A1 UK 3 4 4 11 13 1.52 25 65 %

A2 COL 6 1 1 8 15 2.595 23 75 %

A3 COL 5 2 2 9 16 3.085 22 80 %

A4 COL 6 1 1 8 17 2.932 21 85 %

A5 UK 2 5 5 12 13 1.304 25 65 %

A6 UK 1 6 6 13 15 2.113 23 75 %

A7 UK 4 3 3 10 14 1.831 24 70 %

A8 BRA 6 1 1 8 15 2.947 23 75 %

A9 UK 4 3 3 10 13 1.266 25 65 %

A10 BRA 6 1 1 8 19 4.181 19 95 %

A11 USA 4 3 3 10 14 1.936 24 70 %

A12 COL 5 2 2 9 15 2.249 23 75 %

A13 BRA 5 2 2 9 12 1.357 26 60 %

A14 BRA 5 2 2 9 18 3.403 20 90 %

A15 USA 2 5 5 12 13 1.314 25 65 %

A16 USA 5 2 2 9 13 1.314 25 65 %

A17 COL 6 1 1 8 14 1.602 24 70 %

A18 BRA 6 1 1 8 14 1.585 24 70 %

A19 USA 3 4 4 11 16 2.41 22 80 %

A20 USA 1 6 6 13 15 2.056 23 75 %

independent variables, which allow measuring 
the individual behaviour of each factor against 
the technology transfer.

RED-0 Results

The network starts with a T0 time and with 
20 actors, of which it can be seen that the five 
main firms of the network are all Latin American 
and start with a high capacity for technology 
transfer. In this case, there is a high capacity to 
receive green technologies. It is identified that 
the construction company A10 represents a Bra-
zilian company with a high technology transfer 
capacity of 95 % and an IATTC of 8; that is, it has 
traditional technologies. In this particular case, 
it can be seen that the firm has a high capacity 
for relationships with other actors in the net-
work, its degree is 19 and it has a high capacity 
for transmitting and receiving technology. Its 
betweenness is 4,181. Likewise, its proximity is 
19, which allows it to interact with other actors 
easily since it is  located it in the centre of the 
network. Table 4 shows the first five actors of 
RED-0 and the corresponding results. Figure 3 
shows the graphing of RED-0 and figure 4 shows 
the graphical behaviour of the data in Table 4.

A  Figure 4. RED-0 Chart. 
Source: UCINET V. 6.682
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RED-1 Results

After eliminating the construction firms that 
have the lowest technology transfer capacities, the 
network starts with a T1 time and with 16 actors. 
It is observed that among the five main firms in the 
network, one is European, one is from the United 
States and four are Latin American. All of them 
have a high capacity for technology transfer. 

Likewise, from the simulation carried out, it is 
identified that construction firms have evolved 
in the use of the type of technology. It can also 
be seen that there is a construction firm with a 
high capacity to transfer technologies, and four 
construction firms with a high capacity to receive 
such technologies. 

Here, the construction firm A1 represents a 
company in the United Kingdom with a tech-
nology transfer capacity of 75 % and an IATTC 
of 13, that is, it has low carbon technologies.  
Additionally, this firm is on a par with an A3 
construction firm that represents a Colombian 
company with a technology transfer capacity of 
75 % and an IATTC of 12, according to which it 
has a climate-sensitive technology. 

It is important to note that this firm has 
evolved in simulating an IATTC of 9 (table 4) to 
an IATTC of 12 (Table 5), which allows it to have 
the capacity to accept new technologies. Table 5 
shows the first five actors of RED-1 and the cor-
responding results. Figure 5, meanwhile, shows 
the graphing of RED-1, and Figure 6 shows the 
graphical behaviour of the data in Table 5.

Actor Country TEI EEB TIC IATTC Degree Betweenness Closeness
Technology transfer  
Capacity (IATTC) =  
(Degree n.° / Actors)

A1 UK 1 6 6 13 12 8.776 18 75 %

A2 COL 4 3 3 10 8 4.093 22 63 %

A3 COL 2 5 5 12 12 13.85 18 75 %

A4 COL 3 4 4 11 10 5.367 20 63 %

A6 UK 2 5 5 12 7 1.843 23 44 %

A7 UK 4 3 3 10 7 2.283 23 44 %

A8 BRA 3 4 4 11 10 7.793 20 63 %

A10 BRA 2 5 5 12 11 6.817 19 69 %

A11 USA 2 5 5 12 4 0.167 26 25 %

A12 COL 3 4 4 11 6 0.676 24 38 %

A13 BRA 4 3 3 10 3 0.167 27 19 %

A14 BRA 3 4 4 11 6 0.476 24 38 %

A17 COL 4 3 3 10 4 0.167 26 25 %

A18 BRA 3 4 4 11 5 0.367 25 31 %

A19 USA 4 3 3 10 7 1.66 23 44 %

A20 USA 2 5 5 12 8 5.5 22 50 %

A  Table 5. RED-1 Results.
Source: author’s elaboration 
(2019).

A  Figure 5 RED-1 Network. 
Source: UCINET V. 6.682

A  Figure 6. RED-1 Chart. 
Source: UCINET V. 6.682
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RED-2 Results

After a second elimination of the construction 
firms that have the lowest technology transfer 
capabilities, the network starts with a T2 time 
and with 12 actors. It is observed that the five 
main firms of the network are: one European, 
one from the United States and three from Latin 
America. It can be seen that the five firms have 
similar technology transfer capabilities. 

Likewise, from the simulation carried out, it is 
identified that the construction firms have con-
tinued their evolution in using a different tech-
nology. In this network, it can be seen that the 
construction firm with a high capacity to transfer 
technologies is the Colombian firm A3, which 
has a technology transfer capacity of 58 % and an 
IATTC of 11. It is important to note that the firm 
moves back in technology: it goes from an IATTC 
of 12 to an IATTC of 11. The firm lost transfer 
capacity. However, it has a high betweenness 
of 11.5, which means that the company has a 
high capacity for transmitting and receiving tech-
nology within the network, and this makes it a 
good intermediary between other actors in the 
network (figure 7).

 Table 6 shows the first five actors of RED-2 
and the corresponding results. Figure 7 shows 
the graphing of RED-1 and figure 8 shows the 
graphical behaviour of the data in table 6. 

Actor Country TEI EEB TIC IATTC Degree Betweenness Closeness
Technology transfer  
Capacity (IATTC) =  
(Degree n.° / Actors)

A1 UK 1 6 6 13 3 0.667 22 25 %

A2 COL 1 6 6 13 5 0.583 19 42 %

A3 COL 3 4 4 11 7 11.5 15 58 %

A4 COL 2 5 5 12 4 1.917 19 33 %

A6 UK 4 3 3 10 6 4.917 16 50 %

A7 UK 3 4 4 11 3 2.333 21 25 %

A8 BRA 2 5 5 12 2 0.000 23 17 %

A10 BRA 4 3 3 11 7 6.417 15 58 %

A12 COL 4 3 3 10 4 2.167 19 33 %

A14 BRA 2 5 5 12 7 4.833 15 58 %

A19 USA 4 3 3 10 7 6.583 15 58 %

A20 USA 1 6 6 13 3 2.083 21 25 %

A  Table 6. RED-2 results.
Source: author’s elaboration, 
2019.

A  Figure 7. RED-2 Network. 
Source: UCINET V. 6.682 

A  Figure 8 RED-2 Chart. 
Source: UCINET V. 6.682
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A6

A7

A10

A14

A12

A19

A3

Item Network 
density Number of ties Standard 

deviation
Average nodal 

grade Alpha Index

RED-0 0.534 203 0.499 10.15 0.958

RED-1 0.308 74 0.462 4.625 0.877

RED-2 0.242 32 0.429 2.667 0.793

RED-3 0.405 17 0.491 2.429 0.826

Actor Country TEI EEB TIC IATTC Degree Betweenness Closeness
Technology transfer  
Capacity (IATTC) =  
(Degree n.° / Actors)

A3 COL 1 6 6 13 5 2.583 7 71 %

A6 UK 4 3 3 10 3 0.25 9 43 %

A7 UK 4 3 3 11 4 1.167 8 57 %

A10 BRA 1 6 6 13 5 2.583 7 71 %

A12 COL 2 5 5 12 3 0.25 9 43 %

A14 BRA 2 5 5 12 4 1.167 8 57 %

A19 USA 1 6 6 13 2 0 10 29 %

A

 Table 7. RED-3 Results. 
Source: author's elaboration 
(2019).

RED-3 Results

After the third elimination of the construction 
firms that have the lowest technology transfer 
capabilities, the network starts with a T3 time and 
with 7 actors. It is also observed that the four main 
firms of the network are one European and three 
Latin American. It is also observed that the four 
firms have similar technology transfer capabilities. 
In this case, the two construction firms are A3 and 
A10, which have a technology transfer capacity of 
71 % and an IATTC of 13. Both firms manage to 
obtain the highest technology in the market. Also, 
the two firms have a high betweenness of 2,583. 
That is, the two companies can transmit and 
receive technology within the network. Finally,  
table 7 shows the first four actors of RED-3 and the 
corresponding results can be observed. Figure 9 
shows the graphing of RED-3 and figure 10 shows 
the graphical behaviour of the data in Table 7.

Table 8 shows the density calculation of the 
four networks analyzed. Density is a measure 
that calculates the potential relationship between 
the actors in the network. Therefore, with this 
measure, the potential of relationships that occur 
in the four networks and their average grade can 
be verified. It can be seen that RED-0 starts with 
a density of 0.534 and ends in RED-3, with a 
density of 0.405. 

According to the above, there is a 24 % loss in 
network density in the entire network simulation 
and analysis for transferring green technologies in 
construction firms. In addition, it identifies a high 
reduction in the number of relationship opportuni-
ties between the actors; it reduces the number of 
ties from 203 in RED-0 to 17 in RED-3 (Table 8).

A  Figure 9. RED-3 Network. 
Source: UCINET V. 6.682  

A

 Table 8. Density calculation 
results networks: RED-0, RED-1, 
RED-2, and RED-3.
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Finally, Table 9 shows the results of the losses and 
gains in the technology transfer capacity of the 20 
firms analyzed through networks. Of the construc-
tion firms in Brazil and Colombia, the A14 actor 
from Brazil stands out, who presents a 21 % gain 
in his capacity for technology transfer in the transi-
tion between RED-1 and RED-2. Meanwhile, actor 
A6, from the United Kingdom, and A19, from the 
United States, show a 6 % and 15 % gain, respec-
tively, in their ability to transfer technology in the 
transition between RED-1 and RED-2. 

On the other hand, actor A7, from the United 
Kingdom, shows a 32 % gain in his ability to transfer 

technology in the transition between RED-2 and 
RED-3. Finally, actor A1 exhibits a 10 % gain in 
his ability to transfer technology.

Conclusions 
This study shows the complexity and the rela-

tionship of the variables involved in technology 
transfer between different international construc-
tion firms. The identification of a research gap in 
this area allowed the evaluation of transferring 
green technologies between construction com-
panies dedicated to building social housing or 
accessible housing. 

Construction firms in Brazil and Colombia

Actor Country

RED-0 (T0) RED-1 (T1)
Result of technology 

transfer capacity
RED-1 (T1) RED-2 (T2)

Result of technology 
transfer capacity

RED-2 (T2) RED-2 (T2)
Result of technology 

transfer capacity

Technology 
transfer 
capacity

Technology 
transfer 
capacity

Lost Gain
Technology 

transfer 
capacity

Technology 
transfer 
capacity

Lost Gain
Technology 

transfer 
capacity

Technology 
transfer 
capacity

Lost Gain

A10 BRA 95 % 69 % 26 %  69 % 58 % 10 % 58 % 50 % 8 %  

A3 COL 80 % 75 % 5 %  75 % 58 % 17 %  58 % 58 % 0 %  

A14 BRA 90 % 38 % 53 %  38 % 58 %  21 % 58 % 25 % 33 %  

A12 COL 75 % 38 % 38 %  38 % 33 % 4 %  33 % 25 % 8 %  

A2 COL 75 % 63 % 13 %  63 % 42 % 21 %  42 % 25 % 17 %  

A4 COL 85 % 63 % 23 %  63 % 33 % 29 %  33 % 0 % 33 %  

A8 BRA 75 % 63 % 13 %  63 % 17 % 46 %  17 % 0 % 17 %  

A18 BRA 70 % 31 % 39 %  31 % 0 % 31 %  0 % 0 % 0 %  

A17 COL 70 % 25 % 45 %  25 % 0 % 25 %  0 % 0 % 0 %  

A13 BRA 60 % 19 % 41 %  19 % 0 % 19 %  0 % 0 % 0 %  

Construction firms in the United Kingdom and the United States

Actor Country

RED-0 (T0) RED-1 (T1)
Result of technology 

transfer capacity
RED-1 (T1) RED-2 (T2)

Result of technology 
transfer capacity

RED-2 (T2) RED-3 (T3)
Result of technology 

transfer capacity

Technology 
transfer 
capacity

Technology 
transfer 
capacity

Lost Gain
Technology 

transfer 
capacity

Technology 
transfer 
capacity

Lost Gain
Technology 

transfer 
capacity

Technology 
transfer 
capacity

Lost Gain

A6 UK 75  % 44 % 31 %  44 % 50 %  6 % 50 % 43 % 7 %  

A19 USA 80 % 44 % 36 %  44 % 58 %  15 % 58 % 29 % 30 %  

A7 UK 70 % 44 % 26 %  44 % 25 % 19 %  25 % 57 %  32 %

A1 UK 65 % 75 % 10 % 75 % 25 % 50 %  25 % 0 % 25 %  

A20 USA 75 % 50 % 25 %  50 % 25 % 25 %  25 % 0 % 25 %  

A11 USA 70 % 25 % 45 %  25 % 0 % 25 %  0 % 0 % 0 %  

A5 UK 65 % 0 % 65 %  0 % 0 % 0 %  0 % 0 % 0 %  

A9 UK 65 % 0 % 65 %  0 % 0 % 0 %  0 % 0 % 0 %  

A15 USA 65 % 0 % 65 %  0 % 0 % 0 %  0 % 0 % 0 %  

A16 USA 65 % 0 % 65 %  0 % 0 % 0 %  0 % 0 % 0 %  

A  Table 9. Results of the 
calculation of losses and 
gains of technology transfer 
capacity: RED-0, RED-1, RED-
2, and RED-3.

Source: author´s elaboration 
(2019). 
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Therefore, this exercise could develop an indi-
cator of the measurement of green technology 
transfer between construction firms. In the first 
place, it is concluded that strengthening tech-
nology transfer capabilities allows medium and 
long-term gains for construction firms. 

However, it is observed that there is a 24 % 
loss in network density throughout the process. 
It is also observed that construction firms in 
Brazil and Colombia show 21 % gains in their 
capacity for medium-term technology transfers 

by meeting stronger international companies and 
better technologies.

 Likewise, it can be seen that some firms may 
present small technological setbacks while devel-
oping the process of strengthening their tech-
nology transfer capacity. This exercise shows the 
adaptability of Latin American construction firms 
to the transfer capacity of construction firms in 
industrialized countries. At this point, it can be 
confirmed that the hypothesis proposed at the 
beginning of this article is valid. 
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Orientación editorial
Enfoque y alcance

La Revista de Arquitectura (Bogotá) ( (ISSN 1657-0308 Impresa 
y E-ISSN 2357-626X en línea) es una publicación cientí-
fica seriada de acceso abierto, arbitrada mediante revi-
sión por pares (doble ciego) e indexada, en donde se 
publican resultados de investigación originales e inéditos.

Está dirigida a la comunidad académica y profesional de 
las áreas afines a la disciplina. Es editada por la Facultad 
de Diseño y el Centro de Investigaciones (CIFAR) de la 
Universidad Católica de Colombia en Bogotá (Colombia).

La principal área científica a la que se adscribe la Revista 
de Arquitectura (Bogotá) según la OCDE es:

 Gran área: 6. Humanidades

Área: 6.D. Arte

 Disciplina: 6D07. Arquitectura y Urbanismo

También se publican artículos de las disciplinas como 
2A02, Ingeniería arquitectónica; 5G03, Estudios urbanos 
(planificación y desarrollo); 6D07, Diseño.

Los objetivos de la Revista de Arquitectura (Bogotá) son:

	Promover la divulgación y difusión del conocimiento 
generado a nivel local, nacional e internacional

	Conformar un espacio para la construcción de comuni-
dades académicas y la discusión en torno a las seccio-
nes definidas.

	Fomentar la diversidad institucional y geográfica de los 
autores que participan en la publicación.

	Potenciar la discusión de experiencias e intercambios 
científicos entre investigadores y profesionales.

	Contribuir a la visión integral de la arquitectura, por 
medio de la concurrencia y articulación de las seccio-
nes mediante la publicación de artículos de calidad.

	Publicar artículos originales e inéditos que han pasado 
por revisión de pares, para asegurar que se cumplen 
las normas éticas, de calidad, validez científica, edito-
rial e investigativa.

	Fomentar la divulgación de las investigaciones y acti-
vidades desarrolladas en la Universidad Católica de 
Colombia.

Palabras clave de la Revista de Arquitectura (Bogotá): arquitec-
tura, diseño, educación arquitectónica, proyecto y cons-
trucción, urbanismo.

Idiomas de publicación: español, inglés, portugués y francés.

Título abreviado: Rev. Arquit.

Titulo corto: RevArq

Políticas de sección
La revista se estructura en tres secciones correspondien-
tes a las líneas de investigación activas y aprobadas por la 
institución, y dos complementarias, que presentan diná-
micas propias de la Facultad de Diseño y las publicacio-
nes relacionadas con la disciplina.

Cultura y espacio urbano. En esta sección se publican 
los artículos que se refieren a fenómenos sociales en 
relación con el espacio urbano, atendiendo aspectos de 
la historia, el patrimonio cultural y físico, y la estructura 
formal de las ciudades y el territorio.

Proyecto arquitectónico y urbano. En esta sección se 
presentan artículos sobre el concepto de proyecto, 
entendido como elemento que define y orienta las con-
diciones proyectuales que devienen en los hechos arqui-
tectónicos o urbanos, y la forma como estos se convier-
ten en un proceso de investigación y nuevo de conoci-
miento. También se presentan proyectos que sean resul-
tados de investigación, los cuales se validan por medio 
de la ejecución y transformación en obra construida del 
proceso investigativo. También se contempla la publica-
ción de investigaciones relacionadas con la pedagogía y 
didáctica de la arquitectura, el urbanismo y el diseño.

Tecnología, medioambiente y sostenibilidad. En esta sec-
ción se presentan artículos acerca de sistemas estructura-
les, materiales y procesos constructivos, medioambiente 
y gestión, relacionados con los entornos social-cultural, 
ecológico y económico.

Desde la Facultad. En esta sección se publican artículos 
generados en la Facultad de Diseño, relacionados con las 
actividades de docencia, extensión, formación en inves-
tigación o internacionalización, las cuales son reflejo de 
la dinámica y de las actividades realizadas por docentes, 
estudiantes y egresados; esta sección no puede superar 
el 20% del contenido.

Textos. En esta sección se publican reseñas, traduccio-
nes y memorias de eventos relacionados con las publica-
ciones en Arquitectura y Urbanismo.

A

A
Portada: Sede de la Unesco en París, vista desde la 
Avenue de Ségur. Visitantes ingresando al Espace  
de méditation (estructura cilíndrica en concreto  
realizada por Tadao Ando)

Fotografía: © Andrés Ávila (2018, agosto)

 

Frecuencia de publicación
Desde 1999 y hasta el 2015, la Revista de Arquitectura 
(Bogotá) publicó un volumen al año, a partir del 2016 
se publicarán dos números por año en periodo anti-
cipado, enero-junio y julio-diciembre, pero también 
maneja la publicación anticipada en línea de los artí-
culos aceptados (versión Post-print del autor).

La Revista de Arquitectura (Bogotá) se divulga mediante 
versiones digitales (PDF, HTML, EPUB, XML) e impre-
sas con un tiraje de 700 ejemplares, los tiempos de 

producción de estas versiones dependerán de los 
cronogramas establecidos por la editorial.
Los tiempos de recepción-revisión-aceptación pue-
den tardar entre seis y doce meses dependiendo 
del flujo editorial de cada sección y del proceso 
de revisión y edición adelantado.
Con el usuario y contraseña asignados, los auto-
res pueden ingresar a la plataforma de gestión 
editorial y verificar el estado de revisión, edición 
o publicación del artículo.

Canje
La Revista de Arquitectura (Bogotá) está interesada en es-
tablecer canje con publicaciones académicas, pro-
fesionales o científicas del área de Arquitectura y 
Urbanismo, como medio de reconocimiento y dis-
cusión de la producción científica en el campo de 
acción de la publicación.

Mecanismo

Para establecer canje por favor descargar, diligen-
ciar y enviar el formato: RevArq FP20 Canjes

A A
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