Eindhoven University of Technology

MASTER
Waste management in the Costa Rican construction sector

van Twillert, H.J.
Award date:
2007

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain

Waste Management
in the
Costa Rican
Construction Sector

M.Sc. Thesis
Hijmen van Twillert
August 2007

Eindhoven University of Technology
Faculty of Technology Management
Technology and Innovation Studies

Waste Management in the Costa Rican
Construction Sector

M.Sc. Thesis

Hijmen van Twillert

Author:
Ing. H.J. van Twillert
508673

Supervisors TU/e:
Prof.dr. A. Szirmai
L. Abarca M.Sc.
Dr. Ir. E.L.C. van Egmond

Faculty of Technology Management
Faculty of Construction Engineering
Faculty of Technology Management

Supervisor ITCR I CIVCO:
A.G. Leandro M.Sc.

Instituto Tecnol6gico de Costa Rica
Centro de lnvestigaciones en Vivienda y Construcci6n

List of tables
Table 1-1, Housing deficit .................................................................................................. 7
Table 1-2, Grow figures of the construction sector ............................................................. 9
Table 2-1, DPSIR sub questions ....................................................................................... 12
Table 2-2, Stakeholders primary activity and their possible contribution to sustainable
construction ................................................................................................. 17
Table 3-1, Stakeholders and interviewed experts .............................................................. 20
Table 4-1, Waste generation by project... .......................................................................... 30
Table 4-2 Amount of construction waste potentially produced in Costa Rica .................... 31
Table 4-3, Awareness related questions ............................................................................ 36
Table 4-4, Awareness of existence of recycling companies ............................................... 37
Table 4-5, Knowledge about location of waste disposal.. .................................................. 37
Table 4-6, Information search ........................................................................................... 37
Table 4-7, Environmental performance versus search for environmental information ....... 38
Table 4-8, Kind of information sought.. ............................................................................ 38
Table 4-9, Search for technological assistance related to sustainable technologies ............ 39
Table 4-10, Degree of awareness of organisational waste reducing measures .................... 39
Table 4-11, Application of pressure reducing measures .................................................... 39
Table 4-12, Average number of measures by company size ............................................. .40
Table 4-13, Use of waste plan and or waste manager. ...................................................... .40
Table 4-14, Environmental performance, distribution ....................................................... 41
Table 4-15, Importance of the environment.. ................................................................... .41
Table 4-16, Waste generating aspects ............................................................................... 43
Table 4-17, Frequency of waste separation ....................................................................... 44
Table 4-18, Number of construction companies using the stated waste classification ........ 45
Table 4-19, Waste categories and reuse practices ............................................................ .45
Table 4-20, Number of companies that recycle materials within their own company or via
an other company ......................................................................................... 46
Table 4-21, Incentives to use more benign construction methods ..................................... .47
Table 4-22, Economic incentives ...................................................................................... 48
Table 4-23, Knowledge barriers ....................................................................................... 49
Table 4-24, Economical barriers ....................................................................................... 49
Table 4-25, Technological barriers ................................................................................... 50
Table 4-26, Governmental barriers ................................................................................... 50
Table 4-27, Influence of Environmental studies and evaluations ....................................... 51
Table 4-28 Company size by category .............................................................................. 52
Table 4-29, Companies by type of construction projects ................................................... 53
Table 4-30, Degree of specialisation (q4) ......................................................................... 53
Table 4-31, Overall level of completed education and number of companies that ha ......... 56
Table 4-32, Information sources used or not used by the responding firms ....................... 58
Table 4-33, Use of the same contractors on different projects ........................................... 59
Table 4-34, Involvement in other organisations related to the construction sector ............. 59
Table 4-35 Names of organisations in which construction companies are involved ........... 59
Table 4-36, Perception of knowledge about sustainable construction of actors .................. 60
Table 4-37, Perception of interest in sustainable construction of actors ............................. 60
Table 4-38, Perception of environmental responsibility of actors ...................................... 61

lV

List of figures
Figure 1-1, Housing deficit.. ..................................................................................... 7
Figure 2-1 , DPSIR model and references to sub research questions The numbers refer
to the numbers of the sub questions ................................................................. . 11
Figure 3-1, Contracting diagram .......................................................................... ... . 21
Figure 4-1, Waste separation at a construction site .. .................................. .............. . 26
Figure 4-2, Waste stockpiling at a construction site ................................................. 26
Figure 4-3, Percentage of companies generating waste by type of material. ............. 28
Figure 4-4, Dumped waste in a small river in El Carmen de Guadalupe, San Jose .... 32
Figure 4-5, Dumped waste on a hillside in El Carmen de Guadalupe, San Jose ..... .. . 32
Figure 4-6, Waste dumping into the Gulf of Nicoya in Puntarenas .......................... . 34
Figure 4-7, Waste dumping onto a hillside in Santa Theresa ...... .. .. ..... .... .. ..... .. ... .... . 34
Figure 4-8, Waste dumping onto a hillside in Cartago .............................................. 35
Figure 4-9, Construction Approval Procedure (The procedure does not necessarily
occur in the depicted order completely) ................................................... ..... ... 54
Figure 4-10, Actors influencing information flows to a construction company altering
the final environmental response of the construction activities ......................... 57
Figure 4-11, DPSIR model ...................................................................................... 64

v

List of abbreviations
Abbreviation

Organisation

ANT
CCC
CFIA
CICR
CIPA
CIVCO
CNP+L
DPS IR
EIA
EPA
GDP
IFA
INA
INVU
ISO
ITCR
MERSI
MIDEPLAN
MSME
MSW
NGO
OECD
R&D
SETENA
UCR
UN

Actor Network Theory
Camara Costariccense de la Construcci6n
Colegio Federado de Ingenieros y Arquitectos
Camera de Industrias de Costa Rica
Centro de Investigaci6n en Protecci6n Ambiental
Centro de Investigaci6n de Vivienda y Construcci6n
Centro de Producci6n mas Limpia
Driving force Pressure State Response
Environmental Impact Assessment
Environmental Protection Agency
Gross Domestic Product
Indice Fragilidad Ambiental
Instituto Nacional para Aprendizaje
Instituto Nacional de Vivienda y Urbanismo
International Standardisation Organisation
Instituto Tecnol6gico de Costa Rica
Mercado de residuos y subproductos industriales
Ministerio de Planificaci6n Nacional y Polftica Econ6mica
Micro, Small and Medium sized Enterprises
Municipal Solid Waste
Non Governmental Organisation
Organisation Economic Co-operation and Development
Research and Development
Secretaria Tecnica Nacional Ambiental
Universidad de Costa Rica
United Nations
United Nations Environmental Program
United States Dollar

UNEP
USD

Vl

Summary
This research was conducted in cooperation with the Housing and Construction
Research Centre (CIVCO) at the Costa Rica Institute of Technology (ITCR) and
assessed waste generation and management in the Costa Rican construction sector.
Causes of waste generation both on the construction site and in the national
construction sector network were examined.
The aim of this study was to determine how the institutional and organisational
characteristics of the Costa Rican construction sector influence the environmental
impact of waste generation.
Different efforts were made to answer the research question. First, a literature review
regarding this topic was performed. Subsequently 11 unstructured interviews were
held with key persons in the construction sector. In addition, five construction sites
were visited. Finally, an on-line questionnaire was completed by 29 participating
construction companies.
The results of the research indicate that waste generation is influenced by a general
lack of awareness of environmental issues among the construction sector. Those
actors trying to improve their environmental response are hampered by a lack of:
information, awareness of available technologies, and missing governmental or
market incentives to use those technologies. The generated waste is often disposed of,
instead of being reused or recycled. This stems from lacking law enforcement and the
unfamiliarity with recycling initiatives.
In future research, it is useful to identify the success factors for sustainable
construction. Apart from that, more insight in the size of different waste flows is
needed to successfully promote appropriate waste reduction or recycling measures.
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Introduction and conceptual framework

1 Introduction
This research assesses waste generation and management in the Costa Rican
construction sector. Causes of waste generation both on the construction site and in
the national construction sector network are examined.
The research question is the following:

"How do the institutional and organisational characteristics of the Costa Rican
construction sector influence waste generation and its environmental impact?"
Sub questions needed to answer the main question are:
1. How much and what kind of waste is generated?
2. What is the environmental impact of the generated waste?
3. How is the construction sector organized?
4. What are the causes of construction waste generation?
5. Which measures are used to reduce the environmental pressure of the
construction sector?

Question three and four deal with the "institutional and organisational
characteristics". Question one and two deal with the "waste generation and its
environmental impact". The answers of those questions are used to find the
"influence" of the sector's characteristics on the waste generation and its
environmental impact. Question five is used to identify the measures already taken
by the sector to reduce the environmental impact.
The research is conducted in cooperation with the Housing and Construction
Research Centre (CIVCO) of the Costa Rican Institute of Technology (ITCR).
CIVCO promotes national and regional policies concerning construction and
houses, and maintains contact with public, non-governmental and private building
contractors.
Demarcation
The construction sector is involved in the planning, design, construction, renovation
and demolition of constructions like houses, offices, factories, roads, bridges and
dams. This building life chain is based on Macozoma (2002). Each phase has a
(potential) negative influence on the environment. This research, however, focuses
primarily on the construction phase. As a geographical boundary, the Central Valley
of Costa Rica is chosen because 96% of the formal Costa Rican construction sector
resides there, according to CFIA figures. Furthermore, figures from INEC show that
more than fifty percent of all construction works take place in the Central Valley.

The most attention is paid to construction companies and the barriers and incentives
related to sustainable construction they experience. This implies that the actual
demarcation is partly determined by the subject. As a result, designers, manufacturers,
owners and demolishers do not play an import role. However, due to their
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involvement and the interconnectedness of the sector, they will be mentioned
occasionally.

Reading guide
An elaboration of the background and the relevance of the research is given in section
1.1. In section 2, a conceptual context is given with a discussion of the Driving force
Pressure State Impact Response model and Actor-Network Theory. Section 3
discusses the research design and the data acquisition. The results are presented and
analysed in section 4. Section 5 provides an overview and conclusion.

1.1

General background and relevance

The construction industry is a large consumer of the earth's resources in terms of raw
materials and energy. Buildings are embedded as integral aspect of society. We work,
live, socialize and relax in our offices, homes, etcetera. As a result, in the USA around
40% of all extracted raw materials (Kibert, 2002; Macozoma, 2002) are used in the
construction industry. In OECD countries, the construction sector is responsible for
25 to 40% of the energy consumption 1• (Macozoma, 2002; UNEP, 2003)
In addition, demographic trends indicate a large increase in world population and
urbanisation, especially in developing countries, resulting in a need for housing. This
trend combined with increasing economic development in emerging countries calls
for reflection on the practices of the construction sector. Because of the magnitude of
the sector, environmental improvement is relevant for several aspects of society like
ecology, science, economy, culture and social issues.

1.1.1 Ecology
The construction sector is relevant from an ecological perspective because the
construction sector and the use of its products give rise to environmental pressures. In
addition, because its magnitude and nature, the construction sector bears a great
potential to introduce an environmentally benign mindset among participants of the
construction life chain. Furthermore, due to an increasing demand for housing in the
future, both the opportunities and the threats will increase. UNEP (2002) states it as
follows:

"If current patterns do not change, expansion of the built environment will destroy or
disturb natural habitats and wildlife on over 70% of the Earth's land suiface by 2032,
driven mainly by increases in population, economic activity and urbanization. "
Apart from resource depletion, other threats are energy consumption and greenhouse
gas emissions, the contribution of up to approximately 50% of all waste generated in
industrial countries (UNEP, 2003). In other words, the construction sector exerts quite
some pressure on the environment.
At an aggregate level, environmental pressure (I) is made up of three components,
population (P), affluence (A) and technology and other factors (T) (Gardner, 2002).
Combined they yield the following expression:

1

Using a broad definition of the construction sector, including production and transport of construction materials.
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l=TxAxP

or

E=~xGDP xP
GDP

P

The latter expression is derived from Szirmai (2005). The environmental pressure is
defined as E divided by GDP. This term depicts the environmental pressure per unit
of GDP and is influenced by the extent of environmentally benignity of technology.
Affluence is measured by output per capita. The three terms can compensate each
other. If for instance, population doubles and affluence increases by a factor 2, the
environmental pressure per unit of GDP should decrease four fold due to technology
development.
Besides, Gardner (2002) states that affluence grows exponentially, making it hard for
environmental friendly technology to compensate. Experiences from developed
countries, consisting of 22% of the world population, show that they account for 88%
of the world's natural resources. A great portion of the developing world, the
emerging economies, is preparing for the same level of affluence. Estimates of the
World Resource Institute project a 300% rise in energy and material use due to
economic growth and increasing population over the next 50 year (McDonough and
Braungart, 2003). However, even if all emerging economies would refrain from
luxury, there will be an immense increase in demand for raw materials and energy to
fullfil basic human needs like a sufficient amount of food, access to water and descent
housing.
Besides that, the resources of our planet are finite. Waste should not be disposed of
but used as input for other products. Industries, politicians and consumers have to
come to the understanding that minimization of the use of materials and energy is
necessary in order to preserve our habitat. An even better and truly sustainable way
would be to close the materials and energy circle. The commonly used concept of
'cradle to grave' must be replaced by 'cradle to cradle' (McDonough and Braungart,
2003).
When the focus is changed from the 'developed' world to Costa Rica, an interesting
comparison can be made. According to a study of the ITCR (Leandro, 2005), the
Costa Rican construction sector generates a rough average of 115 kg waste per m2
built, whereas some developed countries show values around 20 kg per m2 (EPA,
1995). This fact suggests that it should be possible to decrease the amount of waste
generated in Costa Rica. In the first place, by reducing the amount of dumped waste
because most of the waste is dumped on landfills, especially in the crowded central
region. Recently, an important, large, landfill had to be closed and finding appropriate
new locations is difficult (Nacion, 2007). Secondly, by reusing and recycling because
construction waste has an extremely recyclable nature (UNEP, 2003). Reducing and
recycling have the potential to decrease the negative environmental pressure of the
construction sector in Costa Rica.

1.1.2 Science
From the scientific point of view, this research will contribute to data collection
because there is only a scarce amount of reliable scientific data of the environmental
pressure of the construction sector in Costa Rica. In addition, the creation of a sound
scientific understanding of the stakeholders in the sector will facilitate the
development of measures to mitigate environmental effects.
3
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1.1.3 Economy
From an economic perspective, sustainable construction can contribute to a more
profitable construction sector through increased efficiency of the use of raw materials.
Apart from that, sustainable construction may also induce a momentum towards an
environmental friendly economy as the construction sector is involved in many
branches of the economy.
The construction sector has a worldwide market volume of about 3 trillion US dollars,
making up 10% of world GDP. In Europe, the construction sector has a 10-11 % of
GDP, in the US 12%, and in developing countries 2-3% of GDP. Seven percent of all
employment and 28% of industrial employment is provided by the construction
sector. In most countries, 50% of national capital investment goes to the sector. In
total, the construction sector employs 111 million people of which 74% in developing
countries (UNEP, 2002). The same study shows that the share of the developing
world in construction activities amounted to 10% in 1965 and 29% in 1998, which
indices an upward trend.
The construction sector has many linkages with many micro, small and medium
enterprises (MSME's). Consequently, the sector has a very high multiplier effect.
A dollar spent on research and development for a sustainable construction sector has
more effect than in any other sector (UNEP, 2003). In addition, each dollar spent on
construction, generates three dollars of economic activity in other sectors according to
the International Council for Research and Innovation in Building and Construction
(UNEP, 2003).
Raised environmental awareness in the construction sector will offer great
opportunities to achieve awareness up and down in the supply chain. As ISO 14020 1
states it:

"To encourage the demand for, and supply of, those products and services
that cause less stress on the environment, thereby stimulating the potential for
market driven continuous environmental improvement".
This is also recognized by Smallwood (2002/3) who argues that the implementation of
environmental management systems even leads to competitive advantage.
However, apart form competition, there is another economic dimension to this
problem. Construction companies often do not have time or money to conduct
research in sustainable construction. If they would, construction prices would rise
dramatically, making it very difficult to sell them. If publicly funded institutions
perform research on sustainable technologies and processes, early adaptors can
implement the findings. If the new developments are profitable, other companies will
start to follow, pushed by the, 'invisible hand' of the market.
Finally, in Costa Rica, the natural beauty is an important source of income for the
economy. The deterioration of nature, due to waste dumping and lumbering, will

1

ISO 14020 is an international standard to inform user about the environmental impact of a product by
labelling.
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jeopardizes the attraction of the country and hence the possibilities of socio-economic
growth.

1.1.4 Culture
A thorough assessment of a construction's cultural value may well result in both the
preserving of cultural heritance as well as the reduction of environmental pressure. It
is important to consider demolition works and construction of new buildings
thoroughly because construction activities have a long-term effect on the natural
scenery and cultural appearance of the built environment. In many developing and
emerging countries, western building styles are perceived as modem and therefore
falsely labelled as desirable. For instance, traditional siheyuan houses in central
Beijing were demolished and replaced by modem office buildings. A more rational
practice was described by Rovers (2003) who reports that the Saudi Arabian city
Riyadh choose explicitly for traditional median construction styles meeting both
environmental and cultural values resulting in comfort and sustainable resource use.
Kohler (2003) states that a life cycle assessment of buildings may help to prevent loss
of cultural heritage on the road towards modemisation. 1
Considering the Costa Rican case, a sustainable construction sector will add to the
'green' image of the country. It may well be used in marketing the tourist sector since
sustainable construction, apart from the ecological benefits, fits perfectly in the image
of an emerging, increasingly wealthy country with great natural beauty.

1.1.5 Social
Smallwood (2002/3) and Kibert (2005) found that attention to environmental
management systems increased worker satisfaction, health and safety and quality of
the work. However, not only the construction workers, also the building occupants
(McDonough & Braungart, 2002) and surrounding citizens may benefit from noise
reduction, decreased dust emission and less waste scattering around the construction
site.
1.1.6 Critiques
Notwithstanding the above, some nuance can be applied to the overall relevance of
the research. Edwards (2003) points out that the environmental pressure of
construction products; relatively to the overall lifetime pressure of a building are
currently 10-20%. In addition, Rovers (2003) states that 99% of all buildings
(constructed and being constructed) already exist. Annually 1 to 1,5% is added or
replaced. Thus, considerable and short term advances can be made by alterations in
the existing building stock by isolation and extension of the economic and technical
lifetime.
This suggests that efforts to decrease the environmental pressure during the
construction phase only address a marginal part of the problem. However, as
buildings become more energy efficient during the operational phase, the relative
pressure during construction will increase, contributing to the importance of
sustainable construction. Furthermore, in Costa Rica, heating installations are not
commonly applied in housing and cooling is only applied in high-income houses. In
1

He just makes the proposition and does not explain. However, life cycle assessment may reveal the
cultural value of apparently obsolete and economic inefficient buildings
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addition, rising energy and raw material prices increase the importance of sustainable
construction from an economical point of view.

1.2

Costa Rican Sectoral Background

In this section the Costa Rican Construction sector is described from a bird's eye
perspective describing drivers underlying the activities of the construction sector.
These drivers play an important role in the DPSIR model which is discussed in
section 2.1. A more elaborate description construction sector's activities can be found
in the results section on page 25.
The drivers identified in this section are population growth, housing deficit, GDP and
interest rate. These factors, among others, influence the demand for buildings. Trends
in these factors indicate a future increase in construction sector activities as the
following items show.
Population
The Costa Rican population has been growing steady for at least 50 years. Projections
of the Costa Rican Bureau of Statistics show that the population will probably keep
growing for another 50 years. In the next ten years, Costa Rica will face a total growth
of 18%.
Graph 1-1, population
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Over the past 50 years, the population growth in urbanised areas has always be
approximately one percent larger than in rural areas. From 1950 to 2000, the share of
urbanised population has increased from 30% to 60% (UN, 2005). Ninety-five percent
of the urban population lives in the Great Metropolitan Area, consisting of the parts of
the provinces San Jose, Cartago, Alajuela and Heredia. These figures are a clear
indicator for increasing building demand, both residential as well as commercial, in
the area surrounding San Jose city.
Housing deficit
The total housing deficit is the difference between the need and the supply of houses.
Housing need of a household is influenced by climatologic, socio-economic and
cultural circumstances. The total number of households minus the number of available
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houses is the quantitative deficit. The qualitative deficit is derived from the housing
stock that is below the minimum standards set by the government (Habets, 2004).
These houses either are in a faulty state or are too small ('regular' according to the
denomination in the figure below).
Figure 1-1, Housing deficit

All households
minus all
dwellings

Dwellings in
bad condiition

Dwellings in
regular and
good condition;
overcrowded

Dwellings in
regular
condition and
not
overcrowded

Dwellings in
regular and
good condition
lacking a basic
service

Source: Habets, 2004

The figures in Table 1-1 show that most of the qualitative housing deficit is almost
seven times the quantitative deficit. In addition, during the past sixteen years, the total
deficit has increased. In the nearby future, new houses have to be built and existing
ones need to be renovated. Therefore, these figures are also an indicator for an
increase in building demand.
Table 1-1, Housing deficit
1984

2000

Number of houses
Number of households

500.032
512.673

935.289
959.144

Quantitative deficit
Qualitative deficit

12.641
107.722

23.855
146.378

Total deficit
Source: Grupo Analistas (2004)

120.363

170.233

Gross Domestic Product
According to Van Egmond (1999) the Costa Rican construction sector shows a strong
relationship with the GDP. In the graph below, the GDP and the expenditures of the
construction sector are shown in United State Dollars. The incline of the linear
relationships show that the construction sectors share is approximately 4 percent of
GDP since 19941• Figures of INEC show a steady increase in GDP of 4% per year
over the last 11 years. As there are no direct reasons to expect the steady increase of
the GDP to stop, construction activities are likely to increase in the future.
1

Measured in constant prices.
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Graph 1-2, GDP and Construction expenses relationship
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Interest rate
During 2006 the interest rate dropped, from slightly over 20% to almost 15% inducing
investments in real estate (Nacion, 2007). In 2005, applications for 3,68 million
square meters were made while in 2006 the amount increased by 64% to 5,95 million
square meters. The extra planned investments are made primarily in hotels and
vacation houses near the coast.

Projection
According to the table below, the activities of the construction sector are increasing
annually since 2002. However, the two sources display very different growth figures.
Those of the CCC are much higher then those of INEC. At INEC, the number of
approved construction projects at municipality level is used. An unconfirmed source
mentioned that the CCC obtained their values from the registrations at the CFIA
before the actual permission to construct. Those figures must be higher than what is
actually approved in a certain year because some projects applications are delayed and
others may be cancelled. Anyhow, if the increase at CCC is not due to approved
future square meters, it shows at least an immense expansion of the planned potential
future construction.
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Table 1-2, Grow figures of the construction sector

According to
CCC
construction
million m2
2001
2002
2003
2004
2005
2006

1,3
1,8
2,0
3,7
6,0

According to INEC

# of works construction
thousands million m2
31
2,6
27
2,4
2,6
30
2,7
32
2,8
26

Sources: INEC and CCC

If the depicted trends in the drivers above persist, they will induce construction

activities, which in tum exert pressure on the environment because of waste
generation (See section 4.2). According to the DPSIR model, (see section 2.1) these
pressures alter the state of the environment, which may have impact on ecologic as
well as economic actors. This research showed that the current societal response,
concerning the construction sector, is not sufficient to prevent waste generation and
dumping in fragile areas.

9
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2 Conceptual framework
In this section, a framework for the answering of the research questions is derived.
First the 'environment - construction sector' relationship will be explained via the
Driver force Pressure State Impact Response model. Secondly, Actor-Network Theory
and stakeholder analysis will be introduced to serve as an analytical tool to assess the
construction sector. Finally, a methodology is given to answer the research questions.

2.1

Driving force Pressure State Impact Response

A suitable tool to assess the socio-environmental relationship is the Driving force
Pressure State Impact Response (DPSIR) model of the UN. It is developed in order to
harmonize individual countries initiatives concerning environmentally sound policy
creation and it serves as a widely used tool to assess environmental issues (OECD,
2003; Scheren, 2003). The scheme below depicts the relationships between the five
elements, the determinants of individual behaviour promoting the collective well
being according to Gardner (2002) and references to the sub research questions.
Figure 2-1, DPSIR model and references to sub research questions The numbers refer to the
numbers of the sub questions.
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Source: Adapted from OECD, 2003 and Gardner, 2002

Drivers are underlying sources like GDP growth, population growth, interest rate, etc.
that generate pressures like construction activities, leading to emissions to ground
and air, extraction of raw materials, etc, which in tum alter the state of the
environment, subsequently impacting on geophysics, eco-systems, economy and
eventually human health, causing societal response. However the preceding rationale
leading to societal response seems causal, it is not.
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Societal response
From a macro, birds eye, perspective one can reason that 'the society' is responding
as a unity. However, many societal institutions (or actors as discussed in section 2.3)
are part of society and make up the perceived aggregated societal response.
Furthermore, there will only be a matter of response if there is something to respond
to. Society must necessarily be 'aware' of the driving forces, pressures, state and
impact and the apparent causal relationships between them in order to contemplate
any response. Research institutes, NGO's, politicians and media play an important
role in providing the necessary information.
Once the information is 'perceived' by society it is processed on different levels and
assessed by the different societal actors influenced by governmental policies, level of
education, existence of communal processes and prevailing moral beliefs. As a result,
responses are directed to different stages of the 'driver - impact' chain. Responses
range from prevention at driver level (most desirable) via mitigating the pressures to
deal with the effects of the impact after the fact. Therefore, a great range of actors is
involved, from governmental policymakers and international companies to
universities, NGO's, and grass-root individual initiatives. For instance, governments
may issue laws, impose taxes or organise public information campaigns to increase
awareness. Companies may acquire equipment; adapt new ways of organisation or an
improved construction practice.
In this research, the most important societal actors are those involved in the
construction sector, since the aim is to develop an understanding of the dynamics of
the construction sector in order to provide departure points for further research to
decrease the environmental pressure of the construction sector.
Hence the research question:

In order to facilitate the answering of the main question, it is divided in sub-questions,
as showed in the table below, ordered according to their relation with the DPSIR
model. The numbers correspond with the positions in Figure 2-1. 'Drivers' and 'state'
do not belong to the main topic and have no assigned research question. The drivers
and the state are considered 'given'. The 'state' of the environment will not be
discussed, in section 1.2 information related to drivers is given.
Table 2-1, DPSIR sub questions

DPSIR aspect
Drivers
Pressure
State
Impact
Response

Sub questions
- See section 1.2
1) How much and what kind of waste is generated?
2) What is the environmental impact of the generated waste?
3) How is the construction sector organized?
4) What are the causes of construction waste generation?
5) Which measures are used to reduce the environmental pressure of
the construction sector?
12

Introduction and conceptual framework
As the DPSIR model shows, the societal response depends on information and
awareness, while the determinants of individual behaviour for the common good
influence the outcomes of the response generating process that is
taking place in institutions.

2.2

Inefficient institutions

'Micro motives' and 'macro behaviour' or the "Tragedy of the Commons"
successfully described by Garrett Hardin in 1968. The dynamics of this process are as
straightforward as devastating. In a certain situation, an individual decision might
make perfect sense and seem very logic. However, if each individual in a sufficiently
large group, in the same situation, makes the same logic decision the effects will
ultimately prove to be adverse for both the individuals and the group.
All that is needed for the Tragedy of the Commons to succeed is a common
unrestricted resource and too many individuals making the same tenable choice. The
main problem is the insignificance of the adverse effect (if even perceived) to the
individual. Resources, for instance, are raw materials, but also clean air, and peaceful
surroundings.
Box 2-1, Manuel Antonio
Tragedies of the commons are not the result of malicious corporations or evil customers.
Often normal people and decent industries, trying to make a living or a profit, contribute to
the tragedy. In Costa Rica for example, the Manuel Antonio National Park is an expressive
example. In 1977 nearly 40.000 persons visited the park, however in 2000 a stunning
160.000 persons were visiting the park. This increase of tourists, and hence commercial
activities, had a negative impact on the wildlife and the beauty of the park. To forestall the
declining attractiveness and to prevent the permanent loss of wildlife and economic
opportunities, an entrance restriction of 600 persons on weekdays and 800 persons on
weekend days was imposed in the 1990's. Additionally, camping is prohibited and the park
is closed on Mondays. (Blum, 2001)

Different scholars have considered ways to overcome the tragedy. According to the
environmental Kuznet' s curve, economic development is the panacea. In early stages
of socio-economic growth, the environmental pressure will increase. However, in
later stages of development, due to increased consciousness and social resources the
chances of positive social response increase (Szirmai, 2005). This trend has been
observed in developed countries, where the environmental pressure declines.
However, even if 'the North' resides on the down slope of the curve, over two billion
developing Chinese and Indian people will nullify that position on an aggregate scale.
If eventually eight billion people are being 'less bad' on the environment, it will result
in the same tragedy. It only takes longer.

Ideal situation
McDonough and Braungart (2002) have considered this problem and came to the
suggestion that waste should serve as a nutrient for either the biosphere or the
technosphere. Biological degradable fabric used on chairs should then act as nutrient
for plants in a greenhouse and the steel from an obsolete car should be used for a new
car. This implies serious design efforts to facilitate the separation and reuse of
components when a product becomes obsolete. Materials should not end up in an
incinerator or landfill, but need to be recycled 'cradle to cradle'. If the concept of
'waste equals food' is implemented, industry has the opportunity to be good instead of
less bad.
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A new breed of economically efficient institutions has to be developed. The former
and current ones act as if they are unaware of, indifferent or ignorant concerning the
environmental pressure they bring about and allow tragedies of the commons to
occur. It is obvious that a 'cradle to cradle revolution' is not quite feasible for current
Costa Rica. However, initiating a revolt within the institutions bearing the collective
responsibility for the negative side effects of development would be a promising start.

Efficient institutions
North and Thomas, as discussed in Szirmai (2005), describe efficient institutions as:

" ... institutions that motivate self-interested individuals to act in ways that
contributes to collective welfare and economic development. "
Inefficient institutions maintain a non-Pareto optimal situation (Busch, 2003). For
instance, two R&D departments of different firms trying to develop the same
innovation. Institutions maintaining the availability of un-taxed jet fuel are an
applicable example also. The former does not yield efficient results because the
expenses of two R&D departments have to be remunerated by the customers. In the
latter, more applicable, case the airline tickets are artificially cheap while the airplanes
do considerable damage in a fragile part of the atmosphere. Since the 'price' of the
pollution is not discounted via a tax or other instrument, the price of a ticket does not
reflect the true cost of a flight. As a result, the environment suffers on the long run,
deteriorating the human habitat. Not to mention the extra fuel consumed since the
institutional characteristics do not motivate to reduce fuel consumption.
An established efficient institution, for example, is the system of well-defined
property rights. Those rights make it possible for an investor to have its future return
on investment assigned. The same holds for intellectual property and for shares in a
corporation.
On the other hand, the C02 emission-trading scheme can be considered as a new
institution devised to decrease the carbon dioxide emissions. Given the imposed
collective maximum emission the individual industries can choose to benefit from
investment in clean technology and the selling of emission rights or from the purchase
of supplementary emission rights to maintain the current emission level. Overall, the
carbon dioxide emissions will decline because of the declining total amount of
assigned emission rights.
To promote the realization of such institutions Ophuls (1973, 1977), cited by Gardner
(2002), identified four basic solution types to promote individual behaviour for the
common good:
1) The use of government laws, regulations, and incentives
2) Programs of education to change peoples attitude
3) Promotion of social processes that operate in small social groups or
communities
4) The use of moral, religious, and/or ethical appeals.
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Ad 3) For instance in Chile 52 construction companies jointly (communally) own a
recycling company, REGEMAC. Partnership is conditional and depends on the extent
of compliance with a Clean Production Agreement (Kuijsters, 2004, p.25). Companies
that do not comply are excluded from participation by mutual agreement.
Ad 4) the current egocentric capitalistic vision should be critiqued and an appeal to
more ecocentric or ethnocentric visions should be made. Governments, corporations
and advertisement companies can play an important role here.
Institutions (or actor-networks as the following section will demonstrate) influence
the way actors behave and since actors/institutions convey ideas, methods, and
technology within society, they play an important role in pro and anti environmental
behaviour. In order to create insight into the interaction among actors in the
construction sector the actor-network theory is used.

2.3 Actor Network Theory
Actor-Network Theory (ANT) focuses on 'social networks' rather than 'individuals',
'classes', 'selfish genes', 'technologies', or roles (Latour, 2005). The main concern is
the question how actors acquire, juxtapose, and keep together the parts they are
composed of. Or else, how the boundaries, that promote stability and order in a
network, are erected. Actors in ANT range from multinational organisations to
individuals and from power plants to the wires that are needed to transport the
generated electricity. After all "The social is nothing other than patterned networks of
heterogeneous materials" according to Law (1992).
ANT is called Actor-Network (mind the hyphen) because it considers actors both as
entities acting in networks as well as actors emerging from other networks. An actor
is also a network. Therefore, an important concept of ANT is punctualisation, the
effect that a network generates if the different parts cooperate perfectly; the beholder
perceives the network as a single actor.
Most beholders (humans) are unaware of the immense complexity of actors that make
up the actor-network that they perceive as their local bank, their car or the
construction sector that erects their new home. Only if somewhere in the process
something goes wrong, users or other actors are unpleasantly confronted with this
complexity. On the other hand, different beholders have different ways to perceive a
network. For a car owner, his car is just a car (punctualised). However, the mechanic
revising it will perceive it as a network of mechanical parts. Another example is the
owner of a savings account at a bank. For him, his savings account acts as a single
(punctualised) actor. However, the investor (who is an actor in the actor-network;
"bank") perceives it as a capital-providing actor in the actor-network of investment
opportunities, risk-assessments, etc.
It is obvious that punctualisation greatly facilitates the assessment of networks since it
prevents endless complexity. Punctualisations can be referred to as resources that may
appear in a whole range of forms like, texts, technologies, norms, social institutions,
customs, relationships, etc. (Law, 1992).
The process of punctualisation is called translation, how actors, gather, organise,
maintain and represent themselves, which is the core of actor network theory. This
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social ordering means that there is no such thing as "the social order" or a complete
organisation or agent. Being such an 'organic' approach ANT is suitable for
assessments preluding efforts to influence institutional change.

2.3.1

How will ANT be used?

The most important question derived from ANT theories (Law, 1992) is: Which
organisational/institutional means, induce and sustain the environmental pressure of
construction sector?
With the assistance of Gardner, it is possible to specify the question above. Which
governmental rules apply? What is the effect of education? Did organisations or
individuals join efforts to influence waste generation? How do moral, cultural, beliefs
affect waste generation?
In addition, ANT provides a conceptual framework that can be used in stakeholder
analysis. The most important contribution of ANT to this work is the approach of the
construction sector as an organic actor-network rather than a fixed set of agents and
relationships. This is an important notion since the desired change of the construction
actor-network forms the backdrop of the assessment performed in this research,
because ANT helps to unravel the links concealed behind seemingly independent
actors and contributes to the assessment of the how's and why's of the construction
actor-network, revealing the -current- main centres or processes of power.
In a practical sense, ANT is helpful in answering the sub-research question:
"How is the construction sector organised?"
and subsequently:
"What are the causes of construction waste generation?"
In other words, out of which actors is the construction actor-network made up, how
were these actors constituted, how do they interact, are they organised, how is their
power distributed, and which constraints do they face?

2.4

Stakeholder Analysis

A useful tool to analyse the organisation of the construction sector is a stakeholder
analysis. Stakeholder analysis will be used both as a way to identify the most
important actor-networks in the construction sector and to assess their position and
influence.
What is understood with the word 'stakeholder'? Chevalier (2001) described the use
of stakeholder analysis in natural resource management. His definition is the
following: "Stakeholders are groups, constituencies, social actors or institutions of
any size or aggregation that act at various levels (domestic, local, regional, national,
international, private and public), have a significant and specific stake in a given set
of resources, and can affect or be affected by resource management problems or
interventions."
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Stakeholder analysis is thus a tool to assess:
1. The stakeholders involved.
2. Values and views of the stakeholders concerning proposed interventions.
3. The multiple interests and objectives of staiceholders.
4. The actual resources, influence, authority or power that stakeholders can
bring to bear on particular initiatives.
5. The networks that stakeholders belong to and patterns and contexts of
interaction between them, be they collaborative or conflictive.
6. The distributional and social impacts of national resource management
(NRM) policies and projects (winners and losers, potential trade-offs and
conflicts), hence the risks and viability of particular NRM interventions;
7. The appropriate type or degree of participation by stakeholders.
8. Feasible coalitions of project sponsorship and ownership aimed at efficient,
equitable and sustainable livelihood strategies (based on compromises
between public goals and divergent stakeholder interests).
Because little is known about the Costa Rican construction sector and the time
constraint, the sector cannot be assessed by using all the items in the comprehensive
list above (see the next section about research design).
Generally spoken the following list of stakeholders (or actors) has a position in the
construction actor-network. The list was adapted from Macozoma (2002) and
identifies the most important stakeholders, their primary activities, and the potential
role they fulfil in sustainable construction.
From a micro economic perspective, most of the companies in the list below are likely
trying to make a profit and secure their position in the market on the longer term.
Their primary activity to achieve that end is stated in the table. It is assumed that
stakeholders reason in a rational way (like in game-theory), trying to reach their
objectives in the most efficient way.
Table 2-2, Stakeholders primary activity and their possible contribution to sustainable
construction.

Stakeholders

Primar.r activit.r

Contribution

Designers

Creating designs
appreciated by the futurebuilding owners.
Owning a building that
fulfils the owner's needs.
Remove buildings and
dispose of waste
Managing the construction
process, delivering the
final product to the future
owner.
Creating parts of the final
construction

Design for waste
reduction, recovery, reuse
and recycling
Advocacy for "green"
building practice
Alternative technologies
and source control
Waste management
planning

Client support in
construction

Client support in green
construction

Building owners
Demolishers
Contracting companies

Employers
Unions (not applicable to
the Costa Rican situation)
Consultants

Proper material handling
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Waste collectors

Hauling waste from
clients

Landfill sites

Long-term storage of
wastes.
Creating income by means
of collecting reusable
waste
Purchase and selling of
second hand materials
Purchase and selling of
second hand materials and
products
Maintaining peace and
order, facilitate public life.
Maintaining peace and
order, facilitate public life

Salvagers

Secondary material shops
Recyclers

Local authorities
National Government and
political parties
Funding agencies
NGOs

Research institutions
Standards generating
bodies

Community management

Investing I funding
construction activities
Addressing their
(environmental) issues to
the public, corporations
and the government.
Becoming recognized for
their inventions.
Generating standards to
facilitate (international)
cooperation and
comparison
Sharing ideas and pursue
mutual long-term
interests.

Waste recovery, separate
collection and final
disposal
Stockpiling of useful
construction waste
Waste recovery

Supply of good quality
secondary materials
Supply of good quality
recycled materials and
products
Approval and support of
secondary industries
Promoting environmental
education and the use of
sustainable technologies
Sponsorship of green
research and pilot projects
Advice and support in the
field of green construction

Innovation and decision
support
Testing and recognition of
innovations

Involvement and demand
for secondary materials
and eroducts

Source: Adapted from Macozoma, 2002
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3 Research Design and Data Acquisition
In order to answer the research questions the following research tools were used.
a) Literature
b) Interviews with key persons of:
Governments
Environmental organisations
Educational institutions
c) Questionnaire to 419 main contractors
d) On-site visits
In the remainder of this section, the way each tool is used is described.

3.1

Literature review

Related to the construction sector in the developed world, plenty of literature is
available, both printed and digitalized. About the Costa Rican construction sector,
however, literature is scarcely available in the Netherlands and on-line article
databases 1. Van Egmond (1999) "Technology mapping for Technology Management"
proved to be an exception and a valuable source of Costa Rica specific information.
In order to gather more Costa Rican specific information, libraries of relevant Costa
Rican institutions were visited to gain information about waste management in the
Costa Rican construction sector. At ITCR some information was available both in the
form of own research and from another university UCR (Universidad de Costa Rica).
Name

Year

Title

Source

Leandro, A.G.

2005

ITCR

Cartfn, M.

1995

Villalobos

1995

Administraci6n y manejo de los
desechos en proyectos de construcci6n.
(Waste management at construction
projects)
Impacto Fisico y financiero de la
generaci6n de desechos s6lidos en la
construcci6n de dos proyectos hoteleros
(Physical and financial impact of waste
generation at two hotel construction
projects)
Estudio de Generaci6n de Desechos en
la Construcci6n de viviendas de
Mamposterfa
(Waste generating at the construction of
concrete block buildings)

UCR

UCR

The most recent data specifically related to waste generation of the Costa Rican
construction sector was found at CIVCO where Leandro (2005) conducted research
concerning waste generation at three construction projects. Many years earlier, Cartin
(1995) and Villalobos (1995) from the UCR performed useful research in cooperation
1

Costa Rican research institutions often cannot afford to publish in 'western' journals, besides they
prefer to publish in smaller regional journals.
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with Prof. Pujol concerning construction waste generation. Currently the most waste
related research in Costa Rica deals with chemical compounds and municipal waste.
Construction waste has never been a serious subject and therefore information is
scarce.

3.2

Stakeholder analysis

In order to obtain an understanding of the construction sector on a meso level a
stakeholder analysis was performed. The information for the stakeholder analysis was
derived from a questionnaire (see next section) and a set of unstructured interviews.
The interviews were held with key persons in the construction sector to obtain
information regarding the organisation of the sector. The study had an explorative
character since little information related to the construction sector in Costa Rica was
available. Therefore, it is somewhat misleading to talk about a 'stakeholder' analysis.
An actor analysis would be a more appropriate denomination. From the characteristics
of the actors, the stakeholders can be identified.

The organisations below are some important actors of which a representative was
interviewed. The list is not exhaustive due to the time constraint, it was not possible to
visit all involved organisations. The interviewed stakeholders were selected both on
their appearance in literature and on the perceived importance by other stakeholders.
If several interviewees mentioned the same actor and considered it important, it was
included in the list below.
The interviews had to point out how these (and other) actors interact and how the
construction practice is influenced by traditions, legislation, economy and other
concepts. Because the stakeholders range from construction companies to government
agencies, they have large differences. Therefore, the interviews were unstructured. In
order to get in-depth information the sub research questions served as a backbone for
the interviews. The question related to the organisation of the sector received the most
attention in most of the cases. However, at CIPA and CNP+L waste related topics
played a more important role.
Table 3-1, Stakeholders and interviewed experts

Organisation
CCC
Cegesti
Ceprona
CFIA

Eco Global
CNP+L
ITCR /CIPA
ITCR /CIPA
ITCR/CIVCO
SETENA

Description
Construction Chamber
Consultant company
Recycling initiative
Board of Engineers
Construction Company (that
would like to stay incognito)
Consultants
Cleaner Production Centre
Environmental Protection
Research Centre
Environmental Protection
Research Centre
Housing and Construction
Research Centre
Environmental
Government Body

Function
Director
Consultant
Director
General Director
Project Director

Name
Randall Murillo
Jan Janssen
Sergio Gonzalez
Ramiro Fonseca

CEO
Consultant
Researcher

Ana Quiros
Akira Hidalgo
Luis Romero

Researcher

Silvia Soto

Director

Rolando
Fournier
Daniel Montero

Legislative
consultant
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3.3

Questionnaire

The questionnaire used was adapted from Kuijsters (2004) who performed a similar
study in Chile. It was altered to fit to the Costa Rican construction sector and the aim
of this research. Some questions were removed, others altered and some could be used
without alteration.
The English version of the questionnaire was translated into Spanish by someone with
a profound knowledge of English whose mother tongue was Spanish. Pre-testing the
questionnaire by seven construction engineers at CNCO eliminated mistakes and
ambiguities. They also tested the questionnaire to check if no relevant information or
subjects were missing. Their comments were discussed and incorporated in the final
version. The complete versions of the questionnaire can be found in Annex VII.
Figure 3-1, Contracting diagram

----~~~~~M-ai_n_co_n_tr_ac_to_r~~__.1----Administration
~-----4- -----------~

,____ y ____ .----'-----

' Engineer 2 : , Engineer 3 :

I

I

•

L----r ----4

I
I
L----r----~

•

Project x
Project y

---------- ....

Project z
.....

~~~~~~~~~

SupeNisor

Construction workers

Source: Personal communication with A.G. Leandro

The questionnaire was meant for the engineers of the construction companies so the
company was the unit of research. Choosing the engineer had the following
advantages. The engineer knows what is happening on the construction site with
regard to material flows. S/He is also involved in more administrative and legislative
matters. Therefore, his/her position can be compared with a spider in a web. Figure 31 shows its position between the administrative part of the main contractor and the
executive part on the construction site by different sub contractors. The supervisor
and the construction workers are bound to a specific construction site, whereas the
engineers have more than one project to manage.
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1

E-mail, with an invitation to participate in the research and a hyperlink to the webbased questionnaire, was sent to 419 construction companies in the central valley
because the survey was restricted to this area.
In order to be able to provide statistically sound data a useful response of 20%, 80
questionnaires, had to be achieved. The minimal required amount of questionnaires
was calculated from equation 1 (Agresti, 1999). In the case of an unknown population
size the sample need.ed for a test with a 95% reliability interval (z), a maximum twosided error of 50% (0,5 = n) and a maximum allowed error in the estimation of 10%
(B) is 97.

z2
n =.1l'-(l-.1l') · B2

1

In our case, the population is known and amounts 419(N) companies in the central
area. Therefore, the formula below could be used to calculate a correction factor for
the number of needed questionnaires.
N

factor=---(n + N -1)

2

The correction factor is 0,82 and therefore the minimum amount of returned and
useful questionnaires amounted 80.
Because time and budget were limited, e-mail and internet were used to execute the
survey. Via e-mail, many construction companies could be reached quickly at a lower
cost. A link to a web-based questionnaire was included in the e-mail so the engineers
could easily complete it. The programming language used for the website was
ASP.Net. The information received was stored on a SQL Server 2005 database.
The Excel file had a direct connection to the SQL Server 2005 database to import the
data into the different worksheets.
The invitation to participate in the survey was sent to 419 construction companies in
the central valley. After one week, three students of the ITCR started to call the nonresponsive companies to motivate them to complete in the questionnaire. This method
proved very unsuccessful. After three weeks, only five companies had responded.
With some extra effort in the last week, it was possible to increase the response to 30,
of which 18 were answered on-line and 12 were held by phone.
One response was not valid since the answers showed great inconsistency. The total
useable amount of questionnaires was thus 29. However, some responding firms
completed only a few or half of the questions. This input has also been used in the
results where possible.
The overall response was 7%. About 5% of the reasons of non-response are known,
namely, due to reasons of time constraint of the respondent. The rest of the
respondents could not be reached on time and, to a lesser extent, some respondents
1

See Annex IV and further for details
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did not complete the questionnaire despite their promise to cooperate. The latter
reason was influenced by the regular power outages. At that time, Costa Rica had a
lack of water and thus hydroelectricity. The server that hosted the on-line
questionnaire was down regularly for several hours per day. Obviously, the computers
of possible respondents were down also, doubling the effect since the outages were
planned per district.
During the analysis of the results, question seven and nine were removed. No
respondent could answer question seven, a detailed question about waste generation.
Question nine, about the implementation and appreciation of certain environmental
friendly processes, has been deleted since the question was clearly misunderstood
since very inconsistent answers were given.

Total score
Some questions use a total score. This score is calculated from the different values
that were assigned to the answer options. The values of each option are multiplied by
the number of respondents that checked it. In the tables in the result section, the
values are depicted. They range mostly from 0 to 5 for the answer options 'no' to very
much. Some question have fewer options, the calculation is then adjusted accordingly.

Environmental performance
In addition, an environmental performance based on the responding firms' scores on
individual questions was devised. The score was calculated from the answers to
questions 6, 8, 12, 14, 15, 17, and 23. Since those questions have different answer
options, the score for each question was normalised by dividing the score of each
responding firm by the maximum score. The sum of all normalised separate question
scores was the environmental performance. The minimum score was 0,5 and the
maximum was 6,8. The table containing the individual scores can be found in the
annexes.

3.4

On-site visits

On-site visits were planned to monitor the on-site waste generation and handling
practices. The visits have revealed information about the amount of waste generation
and on-site practices. A checklist using the "four R's" was used as a guide for the
observations. The four R's are: reduce, reuse, recycle, and reject. They are the Costa
Rican waste handling hierarchy, comparable to the Dutch 'Ladder of Lansink'.
Five visits were paid to construction sites in order to obtain company specific waste
handling information. Three visits, in Tres Rios, San Isidro and Sabana Norte, were
planned the other two were unplanned. A complete list is shown below.

Location

Type of construction

San Isidro
San Jose, Sabana Norte
San Jose, San Pedro
Tres Rios, 1
Tres Rios, 2

Small project, free standing house
Large, higher income, urbanisation (88 houses)
Commercial centre
Large villa
Large villa
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On the construction-site, efforts to work with the 4R's were observed. Also a
conversation with the supervisor, if present, was held to obtain extra information.
In San Pedro, this led to a surprising and interesting insight. Upon entering the
construction site, the supervisor was asked what the immense heap of used wood was
for. According to him, it was waste. While the conversation went further and the
reason of the visit became clear, the heap of waste turned into recyclable material.
This anecdote shows that social desirable answering has to be reckoned with. It also
shows that there is a certain awareness of what is socially desirable.
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4 Results and Analysis
The research results, findings of the literature, interviews and questionnaire are
presented and synthesized in this section, ordered according to the sub-research
question.
The research question was:
"How do the institutional and organisational characteristics of the Costa Rican
construction sector influence waste generation and its environmental impact?"

The sub-questions addressed were:
How much and what kind of waste is generated?
What are the causes of construction waste generation?
What is the environmental impact of waste generation?
How is the construction sector organized?
What products/processes are used to diminish the environmental pressure?
The on-site visits act as an introduction to the rest of the result section because they
give a general idea about the practices of the construction sector. In the conclusive
part of this results and analysis section, a link is made with the DIPSR model.
4.1 On-site visits
In San Isidro a construction site of a detached house was visited. At the time of the
visit no construction activities were performed. The future homeowner (concerned
with the environment) instructed the company to work neatly and to store waste
orderly and separated. However, the site was still messy with different kinds of waste
flung over the place and between the trees surrounding the construction site. After
some period and several warnings, she decided to use another company. This case is
interesting since the owner possessed an environmental attitude however the
construction workers lacked either the skills or the will to comply with her wishes.

The next visit was in Sabana Norte that will be the location of 88 new houses, erected
by an early adaptor of environmental technologies. An employee of the company
guided this visit and she explained the ways in which they diminished the
environmental pressure of the construction activities and, as a result, increased their
profits. In order to reduce the amount of material needed they used reusable casings
that lasted 25 times. They also used 'Modulated Concrete Blocks' with different
dimensions so that in order to fit the last block in a row, there would be no need for
cutting the block into the right size. The waste generated ultimately was separated
meticulously in order to be reused or to be sold to recycling firms (See picture on the
next page).
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Figure 4-1, Waste separation at a construction site

Deposit of recyclable waste

Photo: H.J. van Twillert

In San Pedro a construction site of a small commercial centre was visited (See
pictures below). The supervisor told that the pile of wood at the site was waste.
However, when he understood the purpose of the visit, the pile of waste 'turned into'
reusable material. The company was not registered and thus operated informally. No
efforts were made to achieve any of the 4R principles. Part of the concrete was mixed
completely by hand, indicating a low-tech approach to construction. The construction
site was a mess; a large heap of concrete and wood waste was present. The wood was
used as material for casings. Since the building had a straightforward, rectangular,
design the amount of wood needed for casings could have been much smaller. In
sharp contrast with the more detailed nature of the construction works at the visit that
will be described next.
Figure 4-2, Waste stockpiling at a construction site

Photo: H.J. van Twillert

Urbanizaci6n Monteran in Concepcion de Tres Rfos close to Cartago is a community
in development with very large luxurious villas. Two different construction sites were
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visited here. The most striking on this construction sites was the huge amount of
wood as waste. Since these types of houses have numerous odd shaped curves, arches
and bends, standardized casings can only be applied scarcely. The amount of waste
wood is therefore stunning.
An environmental concerned engineer managed the first construction site. Although
the company he worked for did not have a waste management plan, he developed
personal initiatives. In order to reduce material use he trains the employees to use
materials as efficient as possible, especially steel, which is very expensive. Efficient
material use is applied to decrease the amount of useless leftovers. In order to
promote this way of working he orders just the necessary amount of materials to do
the work, but at the same time enough material to be able to work without delays
caused by shortages.
Material reuse is promoted by ordering the supervisors to classify and separate
garbage and re-usable wood in designated containers. He also makes sure that the
construction site is very clean. They pay a waste hauler to take the waste to a sanitary
landfill. In some cases, however, like in Dominica} (coastal region) there are no
sanitary landfills. Therefore, they have to bum waste on-site since waste attracts
venomous snakes. Even with waste burning practices to prevent large heaps of waste,
they kill more than five snakes a week. The remaining waste is sent to a "botadero", a
semi-official dumpsite.
The second construction site at Tres Rios was less organized as there were no specific
containers to separate waste and the location was messy. However, the supervisor
explained that they tried to reuse materials on-site. Wood is reused as casings and
pieces of leftover reinforcement steel were put in floors with special comers or
curves. Whatever was left upon completion of the project is considered waste. He also
noted that he would like to work with the 4R principle but he did not know how to do
it.
These examples show that in general, waste management is not practiced much.
Moreover, those who would like to use more environmental friendly practices were
hampered by the attitude of the workers, a lack of in formation and an uninterested
management. This is exemplarily for the response of the construction sector. The
barriers to act environmental friendly rank from high to low in the hierarchy of
companies and often information related to sustainable technologies or practices is
lacking.
The next sections discuss in detail the waste generation and handling characteristics of
the construction sector.

4.2

How much and what kind of waste is generated?

This section shows that wood, soil, corrugated roof sheet and debris are the most
occurring waste categories in construction waste. The size of these flows is unknown
since companies were not able to provide this data. Overall waste generation figures
showed that only a few companies keep track of the generation. An educated guess
related to the overall waste generation would be 100 kg/m 2 . The calculation of a
relationship between the overall environmental performance of the companies and
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waste generation was not possible due to the limit amount of completed
questionnaires.
What kind of waste is generated
Figure 4-1 depicts outcomes of a question related to the kind of generated waste. It
shows that the most important waste flow, in qualitative terms, is wood. Both clean
wood and mixed wood are generated in more than 65% of all projects. Pieces of brick
on the other hand score very low since brick is almost only used in luxurious projects.
The low insulation score is not surprising either, since it is hardly applied in Costa
Rican construction.
Wood used as casings had a remarkable low score. That might be because the
different categories for wood were ambiguous. Most of the responding firms probably
classified 'wood used as casings' under 'wood mixed with waste'. Wood, which has
been used in casings, is normally mixed with concrete.
According to a study from the CNP+L, wood, soil, corrugated roof sheet and debris
are the most occurring components in the waste flows. These findings are thus
supported by the outcomes of the questionnaire, by the research of Leandro (2005)
and the information acquired from the interviews.
Figure 4-3, Percentage of companies generating waste by type of material.
80%
70%
60%
50%
40%
30%
20%
10%

Source: Own survey, question 5

Statistical analysis, using chi-square, showed that there is no significant correlation
between the occurrence of waste flows and the level of environmental performance.
The same holds for company size. Thus, even companies ranking high on
environmental performance have to deal with these flows. That is an indication that
these waste flows as such cannot be prevented given the current technological and
organisational characteristics of the Cost Rican construction sector. That makes sense,
because the elimination of waste flows is primarily a matter of design. As a result, a
waste elimination process takes a lot of time. Short-term improvements can be made
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by promoting environmental measures to decrease the magnitude of the waste flows .
However, little is known about the size of the categories since no company was able
to provide data per category.

It is clear that further research is needed to devise waste generating figures per
category. This data will enable a classification based on hazardousness. That is
important since the abstraction 'kg/m 2 ' does not give any information related to the
composition of the flow. Obviously, 1 kg of paint is more polluting than 1 kg of
ordinary concrete. Additionally, if more data is available related to the composition of
waste flows, efforts for waste minimizing, recycling and controlled dumping can be
more fruitful.
The data also shows that a considerable part of the waste flow consists of recyclable
materials. Therefore recycling can contribute to diminish the need for landfills or
disposal sites, diminishing environmental pressure and increasing revenue. An
interviewed construction company showed that a recycling rate of 80% is feasible.
The output of the questionnaires showed that some materials were already reused onsite and some via recycling companies.
Mister Sergio Gonzalez (Ceprona) pointed out that in his opinion demolition waste
plays a more important role than construction waste coming from new dwellings. In
the urban areas, a lot of new construction replaces old buildings. As a result,
demolition waste is generated first in clearing the construction site. When
construction starts, the construction waste is generated. For most of the construction
projects in the urban regions demolition waste precedes construction waste.
Remarkably, no other interviewee mentioned this. In contrast, CIVCO and a
representative of the consultancy firm Cegesti asserted the opposite. In their opinion,
construction waste played a more important role because people tend to build new,
renovate or construct extensions rather than demolish and construct. However, both
waste flows are comparable because they consist of the same materials, therefore this
issue is not so important.
How much waste is generated?
From the literature review, the following waste generation figures were obtained.
Cartin (1995):
0,97 m3/m2 (300-700 kg/m 2)
Leandro (2005):
115 kg/m 2
Villalobos (1995):
11-25 kg/m 2
Leandro monitored the waste generation at three construction sites. Two were large
villas and one was a warehouse. As a result, the deviation of the average waste
generation she found is large. The two villas generated much more waste per square
meter than the warehouse. Villalobos monitored the construction of houses for lower
income groups. These houses are characterised by their small, and standardized,
dimensions and are often placed in groups or rows. As a result, the use of
prefabricated elements, like windows and doors, is easy and the excess material of
one house can be used for the next. This explains the low value Villalobos found.
Cartin, on the other hand, investigated two hotel construction projects. His stunningly
high waste generation figures can be explained by the fact that the two hotels were
very large and luxurious.
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Which value could serve as an educated estimation for the waste generation of general
construction activities? The values of Villalobos might be too low, on the other hand,
those of Cartin tend to overestimate the real generation. Leandro might be somewhere
in the middle but it is still difficult to say because two extremes have been measured.
Construction activities concerning housing in the lower and middle-income categories
contribute significantly to the total. Therefore, the figures of Villalobos should be
given a considerable weight. Commercial buildings as hotels and warehouses have a
lower importance. Therefore, an estimated average value of 100 kg/m 2 is plausible
and can be used to do estimations of construction waste generation.
The questionnaire revealed a value of 7-170 kg/m 2 . The specific questions that were
designed to obtain quantitative information about waste generation had to reveal
information about the size of the projects, the number of truckloads, the amount of m3
of waste or the total dumping fee per completed project. Unfortunately, only a few
responding firms were able to provide over-all waste generating figures. The firm
scoring 7 kg/m 2 was also interviewed, therefore it is known that many efforts were
made to reduce the environmental impact. Although the score can be considered as
best practice, it still leaves some questions open because 7 kg/m 2 is even three times
lower than the average waste generation in OECD countries.
Because many waste generating figures were not reliable, a selection was made. To
distinguish plausible values from the others a few consistency checks were applied.
First, the relation between number of trucks and amount of m3 had to make sense
because some companies seemed to use trucks with a capacity of 0,4 m3 and others
seemed to use trucks with the capacity of a medium sized oil tanker. The volume per
truck should be somewhere between 5 and 25 cubic meters. Secondly, the values must
correspond roughly to the average waste generation found in the literature of 100
kg/m 2 . Responding firms not matching those criteria were excluded from the table
below. The complete table and assumptions for the recalculations can be found in the
annexes.
Table 4-1, Waste generation by project
Floor
space

Waste

m2

m3

#of
truckloads
kg
kg/m2
v
43.200
4
100
24
168
w
195
64.800
129
36
3
x
1504
15
27.000
7
3
y
1
10.800
50
83
6
z
1000
100
8
180.000
70
Note: the average density for mixed construction waste is approximately 700 kg/m 3 • Derived from
mixed construction waste density values on Dutch construction sites. Noord de, G.J., (2001) and
www.infomil.nl; Source: Own survey, question 6 and 7
Project

The answers to the waste generating questions showed that companies are not aware
and do not keep track of the total amount of generated waste. Four of the five on-site
visits illustrated that fact. The visited construction sites and the interviews with the
supervisors clearly showed either unawareness in topics related to environmental
matters related to the sector, lack of information about the depletion of natural
resources such as virgin materials or the incapability to act environmentally benign.
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This lack of awareness in itself is already a cause of waste generation since unaware
companies are not likely to take action against polluting activities that they do not
even know exist. However, one early adapting construction company was visited that
kept very precise data on waste generation. However, they were reluctant to provide
this information because it might reveal competitive information. Despite the fact that
this information was withheld from this thesis, the corporate decision shows that the
implementation of environmental friendly techniques is worthwhile from an
economical perspective.
Most of the waste generation values found in the literature for different countries
provided a total value per year. In Costa Rica it was not possible to find such a value
but an estimation can be done based on the assumption of an average generation of
100 kg/ m2 and the estimations based on the projections of the amount of m2
constructed during the last 5 years. The underlying drivers according to the DPSIR
model are discussed in section 1.2.
Table 4-2, Amount of construction waste potentially produced in Costa Rica

YEAR
2002
2003
2004
2005
2006

CONSTRUCTION
(million m2 )
1,3
1,8
3,3
3,7
6,0

Estimated amount of waste
(kton)
130
180
330
370
600

Note: These figures may be somewhat overestimated, see section 1.2
Source: CCC

4.3

How does waste generation affect the environment

Construction waste generation is part of a bigger waste problem. More than 40% of
the municipal solid waste is not disposed of at a sanitary landfill according to Sergio
Gonzalez from Ceprona. It is also a known fact that some municipalities simply do
not have the possibilities to properly dispose of their municipal waste, let alone
construction waste. In those areas, it is common to dump or bum the municipal waste
and the construction waste as well. A study among important hotels in the coastal
regions showed that only 70% of the hotel owners knew the destination of their waste.
This reflects the ignorance among businesses also. Unfortunately, waste dumping is
not limited to rural regions, also in the urbanised areas, waste is dumped into rivers
and fallow terrains as the following pictures show.
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Figure 4-4, Dumped waste in a small river in El Carmen de Guadalupe, San Jose

Photo: H.J. van Twillert

Figure 4-5, Dumped waste on a hillside in El Carmen de Guadalupe, San Jose

Photo: H.J. van Twillert

The environmental influences of construction waste generation can be divided in two
broad sections. One section before the construction phase, due to excess use of raw
material and energy. Two, waste flows originating from activities at the construction
site.
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Especially the abundant use of wood results is an extra pressure on forests, which are
already under pressure. Much wood comes from Costa Rican forests (and as a result
of restrictions) from plantations. Imported wood comes mainly from Chile. Other
importing countries are Colombia, Brazil and USA, according to Rolando Fournier of
ITCR/CIVCO.
On-site construction acttv1ttes create waste products that are non-hazardous and
potentially hazardous. It was not the scope of this study to analyse the quality of the
materials disposed of, but it can be assumed that one of the main pressures on the
environment of the waste produced is the disposal at official and non-official disposal
sites. Such practice creates knock-on environmental effects as more and more waste
must be disposed of and transport is needed to convey this to handling sites.
The pollution of the site and its surroundings is the principal manifestation of
environmental effects created by construction works. The pressures can be of the
ground due to filtration of substances stockpiled on site during construction, such as
fuels, oils and paints. They can migrate to surface waters due to runoff by rain, which
is a reality in a tropical country with a rainfall of 2000-4000 mm a year, or by
infiltration to the groundwater. Emissions to air also occur if waste is set to fire in
order to 'dispose of it'. The fact that waste is not separated, makes dumping and
burning extra polluting. Plastics, paints and insulation material generate extremely
harmful gases when burned.
Silvia Soto of ITCR/CIVCO mentioned that many landfills are situated in the centre
of the country. This makes the countryside more vulnerable to the dumping of waste.
However, most sanitary landfills do not accept construction waste because it may
cause the 'geomembrane' to rupture. The membrane has to prevent the leaching of
liquids from the waste into the soil. As a result, construction waste generally ends up
in rivers and hillsides. In the coastal regions, waste is even dumped in the ocean,
despite prohibiting legislation.
Related to the problem of waste dumping Sergio Gonzalez (Ceprona) noticed that it is
very easy to become a waste hauler. An investment in a (pickup) truck is sufficient.
The only regulation that applies is related to the maximum payload allowed on the
vehicle. Because of a lack of enforcement, lots of waste is dumped in the countryside
in this way. The disposal fee of 7800 colones (15 dollars) per ton at sanitary landfills
is an extra stimulus to use this 'free of charge' solution.
Quantification of the impact of Costa Rican construction waste generation proved
very difficult. However, the pictures below indicate the seriousness of the problem.
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Figure 4-6, Waste dumping into the Gulf of Nicoya in Puntarenas

Photo: H.J . van Twillert

Figure 4-7, Waste dumping onto a hillside in Santa Theresa

Photo: H.J. van Twillert
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Figure 4-8, Waste dumping onto a hillside in Cartago

Photo: H.J . van Twillert

With respect to the effect of dumping waste in the rural areas, Blum (2001) described
the negative results on tourism. "The manager of a rafting establishment remarked
that his most popular trip on the Parrita River had to be discontinued this year due to
heavy siltation that originated from construction sites on the hillsides around Manuel
Antonio. Resulting deposits in the riverbed have made the river too shallow to
produce enough rapids to satisfy his rafting customers."
This is an anecdote worth considering in a country with depending largely on tourism.
When this kind of pictures and tourism stalling facts are made public, they may well
contribute to a better understanding and awareness of the ecological and economical
threats of careless waste 'management'. In DPSIR terms, the societal response may
change positively under influence of this information.
Pollution from the dumping of mixed construction waste is the most direct pressure
on the environment. Followed by the approximately 10% extra (useless) production of
construction materials because contractors regularly buy too many materials
(Villalobos, 1995). Consequently, the extra production entails extra transportation,
extraction and related energy consumption.
Mister Romero from CIPA argued that carbon dioxide emission should be taken into
consideration since a lot of concrete is used in the construction process. Concrete is
made from vast amounts of cement and the production of the latter generates
considerable amounts of carbon dioxide. Furthermore, the co-firing of waste in
cement kilns produces dioxins and furans. However, the emissions of suppliers are not
included in this research and will not be discussed any further here.
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4.4

What are the causes of waste generation

Legislation and enforcement
Costa Rica is worldwide known for its interest in the environment and its protection,
and on June 29th, 2007, the "Integral Waste Management Law" was approved which
affects all the sectors of society, including the construction sector . It is written in
general terms and some important articles refer to the responsibility of the actors to
manage the produced wastes, the internalisation of costs related to the quantity and
quality of the waste generated as well as it mentions the obligations of the waste
generators in terms of reduction, separation, monitoring, final disposal of their waste.
Additionally, the country has plenty of laws and regulations to protect the natural
resources but has a lack on their enforcement, the fines to be paid in case of breaking
the law are very low and there are no policies that can help the sector towards
sustainability.
Rolando Fournier from CIVCO identified another problem. Municipalities have the
right to formulate their own laws to a certain extend. They have the power to restrict
development plans. However, often they do not have the possibility to be very strict
since developers simply decide to invest in another municipality.
Awareness
Awareness of environmental problems is one of the most important precursors for
environmental benign developments. The next table shows the number of companies
that replied with a 'yes' to a set of awareness related questions. It shows that only
seven companies have environmental awareness incorporated in their companies'
profile, while ten companies include environmental evaluation criteria for subcontractors and suppliers. ISO 14.000 scores very low. That is not remarkable since it
is a very elaborate standard.
Table 4-3, Awareness related questions
Question
Have you incorporated environmental awareness in your company's
profile?
Is the environment included in your accounting
Does the company have a responsible person for environmental topics?

#yes

% yes

7

23%

9

31%
14%

4

Does the company hold an ISO 14000 certification?

0

0%

If not, do you have the intention to apply for it in the near future?

8

31%

Does the company have a documented environmental policy?
Does the company accept contracts that require the implementation of
an environmental management or environmental measures?
Does the company include environmental evaluation criteria for
subcontractors and suppliers?
Note: N =29
Source: Own survey, question 23

5

22%

11

50%

10

48%

The table below shows the percentage of companies aware of the existence of
companies willing to buy waste material, either to recycle or to resell. It is surprising
that one fourth of the companies is not aware of the possibility to sell waste materials.
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Table 4-4, Awareness of existence of recycling companies
% of
# of companies
companies
Yes
23
74%
No
8
26%
·----·---·---Total
31
100%
Source: Own survey, question 16

Another aspect of awareness has to do with the fact that some of the companies do not
know where their construction waste is disposed of. This indicates a very
irresponsible attitude, 22% of the responding firms do not know how waste is
disposed of. Most of the remaining 78% dispose waste in landfills or final disposal
sites. The location of the projects limits the availability of waste disposal sites. If
sanitary landfills are located far from the construction site contractors are more likely
to dump their waste somewhere else instead of sending it to a designated place.
Therefore, to answer this question firms could mark more than one option, that is the
reason why the frequencies sum up more than 30.
Table 4-5, Knowledge about location of waste disposal
Frequencies
Landfill

Dumpsite
(illegal)

Recycling

Stays on site

~

0

-

= ~
= Q=
Q
~

0
0

Size
················-···········-······
Small(< 25 empl.)
4
Medium (25 - 100 empl.)
3
Large(> 100 empl.)
0
Note: N =30; Section 4.5 discusses
Source: Own survey, question 17
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company size.

The need for information and technological assistance is also an indicator for
environmental awareness. The fact that companies look for information or technology
related to sustainable construction shows that they are looking for a way to reduce
their environmental pressure, whether motivated by economical or ecological reasons.
From question 24 follows that 50% of the responding firms looked for information
related to sustainable construction.
Table 4-6, Information search

No, I do not know any sources of information
No, I did not search for information
Yes, I looked for information

#of companies
4
11
15
30

% of companies
13%
37%
50%
100%

Source: Own survey, question 24

Half of the responding firms looked for information regarding sustainable
construction. Statistical analysis, using chi-square, proved that responding firms that
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did look for information had a higher on the environmental performance 1 (p = 0,016
at 5%) than those who did not. However, the direction of this relation is not clear. It is
plausible that those who are environmentally minded are more likely to search for
information than those who are not.
Table 4-7, Environmental performance versus search for environmental information
Looked for info?
Environmental performance
Yes
No
Total
# of companies in low performing half
11
4
15
#of cop£anies in hi~~rforming half_ _ _
4_
10
14
15
14
29
Note: the two 'No' categories from table 4-6 have been put in one category
1
Source: Own survey, based on environmental performance and question 24

Those who looked for information were interested in the topics depicted in the
following table. The output shows that one third of the companies looked for all the
topics. Most firms looked for information regarding laws. This is obvious since
Setena assess the blueprints based on environmental laws. Companies searched to a
lesser extent for information about technologies to prevent and to control. Most
companies probably go as far with sustainability as the law prescribes.
Table 4-8, Kind of information sought
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Note: N = 13, Non-response was 2, 14 did not look for info. N total= 29. See table 4-7.
Source: Own survey, question 25

1

The environmental performance was calculated from the answers to questions 6, 8, 12, 14, 15, 17, and
23. The minimum score was 0,5 and the maximum was 6,8. See section 3.3 for more information.
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The table below shows the number of responding firms that looked for technological
assistance. It is assumed that companies looking for assistance are more motivated to
use clean technologies and are thus more aware.
Table 4-9, Search for technological assistance related to sustainable technologies

# of companies % of companies
No, I do not know any sources for
technological assistance
No, I did not search for tech. ass.
Yes, I search for tech. ass.

9

30%

15

6

50%
20%

30

IOO%

Source: Own survey, question 28

The following table shows how familiar responding firms are with certain
organisational environmental concepts.
Table 4-10, Degree of awareness of organisational waste reducing measures
Item
Environmental Management Systems
Legislation about solid waste

None

Low

Average

High

7

9

8

5

5

Very high
I

9

15

Legislation about water use

7

13

6

4

0

ISO 14000

13

9

7

1

0

0

Note: N= 30
Source: Own survey, question 26

An important company characteristic is the use of measures to reduce the
environmental pressure of construction. It is interesting that water saving measures
ranks highest, because water has a low cost compared with construction materials.
This might well be due to the fact that water receives an abundant amount of attention
in the media. Costa Rica depends for 90% on hydroelectricity and thus residents are
very 'water conscious'. This also indicates that sufficient attention paid to create
consciousness related to waste issues, may change behaviour on the long run. The low
score for chemicals and hazardous waste materials can be explained by the fact that
these are not used very often in ordinary construction works.
Table 4-11, Application of pressure reducing measures
Saving processes
Efficient water use
Reduction and prevention of solid waste
Reduction and prevention of dust
Efficient material use
Reduction of hazardous materials
Energy saving
Reduction of chemical substances
Others
Source: Own survey, question 11

# of companies

% of companies

14
11
IO
IO
9
7
7
2

54%
39%
37%
31 %
30%
24%
23 %
8%
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The following table shows that large companies tend to apply more measures to
reduce the environmental pressure than smaller ones. Chi-square analysis, however,
proved the correlation not significant.
Table 4-12, Average number of measures by company size
Category # of companies #of measures
11
14
Small
24
Medium
10
Large
25
9
Total
30
63
Source: Own survey, question 2

average #of measures per company
1,27
2,40

2,78
2,15

A second important company characteristic analysed was the use of a waste
management plan or an employee/manager who has the responsibility to guarantee an
efficient and responsible material handling practice. The table shows the number and
percentage of firms that have a plan, a manager or both. More than 70% of all
responding companies do not have a plan or manager. This reflects the fact that
working in an environmental friendly way is not institutionalised by far.
Table 4-13, Use of waste plan and or waste manager
# of companies

Plan only
Manager only

3

Both

4

None

24

1

34
Source: Own survey, question 8

% of companies
9%
9%

12%
71%
100%

In the table below an overview of the environmental performance is given. The
performance was calculated from the answers to questions 6, 8, 12, 14, 15, 17, and 23.
Since those questions have different answer options, the score for each question was
normalised by dividing the score of each responding firm by the maximum score. The
sum of all normalised separate question scores was the environmental performance.
The minimum score was 0,5 and the maximum was 6,8. The table containing the
individual scores can be found in the annexes.

The results show clearly how only one company stands out and that most of the
companies score average to low. The good performing company has strong linkages
with their sub contractors and with a consultancy institution (CNP+L, Cleaner
Production Centre). This cooperation seems to have a positive effect on the
environmental performance. However, the attitude of that company was very
responsible concerning the environment, which is an important breeding ground for
environmental programs to flourish.
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Table 4-14, Environmental performance, distribution
Environmental
Performance
Low< 2,5
Average 2,5 - 5
High> 5
Total

#of
companies
13
15
1

% of
companies
45
52
3
100

29

·-·---···

10

SI a
s

'E

aE

8
0

=II:

4
2

0
2

3

4

5

6

Environmental Performance

Source: own survey, see text above table.

One of the questions in the survey was meant to assess the level of importance that the
companies had for the environment. The expectation was that companies considering
the environment important, would also score high on environmental performance.
Statistical analysis proved that there was no significant correlation between those two
variables. Probably environmental performance is not induced by the importance of
the environment alone. Some companies scored high on environmental performance
while attributing a low importance to the environment. Those companies might be
acting environmental friendly induced by economical motivation. Other companies
ranked low on Environmental performance and awarded the environment with much
importance. That might be the results of the susceptibility of question twenty for
social desirable answering.
Table 4-15, Importance of the environment

Importance
No
Little bit
Somewhat
Much
Ver:t_ much

#of
companies

%of
companies

0

0%
6%
38%
25%
31%
100%

2
12
8
10
32

Source: Own survey, question 20

Generally, the outcomes of the questionnaire and the information of the interviews
showed a low level of awareness related to environmental aspects of construction
waste. This is due to the low level of education and the lack of attention to
environmental issues in educational institutions.' The sector is very conservative and
this hinders a quick adoption of new technologies and methods to construct more
environmental friendly.

1

Based on a telephonically conducted survey under 40 universities
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Waste generating aspects
Silvia Soto a lecturer at CIPA distinguished three main sources of waste generating
construction activities:
1) Hotel and resort construction in coastal (rural) regions, e.g. Guanacaste or
Osa. Waste is picked up by companies (waste haulers) that 'will take care of
it'. Most of this waste ends up in the ocean, rivers or wastelands.
2) Villas and country houses for the wealthy. In the eastern part of San Jose,
(Escazu, Santa Ana) many villas and country houses are built for high-income
families. This kind of construction generates considerable amounts of waste,
especially when calculated per household or per capita.
3) Normal building projects. The last group are the 'normal' building projects
like social and middle class housing projects and commercial buildings like
small workshops and stores.
Although, the volume of the last group is quite big, the first two activities produce
the greatest threat on the environment since the government is less involved (lack
of capacity to control). Many of the projects are fully in private hands and waste
treatment is done without any governmental control. In the last group, waste
handling is a less severe problem, since the generated waste is more likely to be
brought to a sanitary landfill. This is due to two reasons:
1) The owner and some family members build the house. Most of the waste is
mixed up with the MSW (municipal solid waste) and ends up on a landfill.
This is obviously not a favourable option but less harmful than dumping in
nature.
2) The housing is (partly) funded by the governmental social housing
program "Bono Vivienda". (Issued by the Ministry of Housing and
Urbanisation) As part of the agreement, the government takes care of the
waste.
From the answers on the question which waste generating aspect occurred most
frequently, followed that, incompatible standard sizes of construction materials are a
major problem. More than 50% of the companies experience this problem in more
than half of their projects. Incompatible standard sizes also have the highest number
of companies experiencing this problem "on all projects".
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Table 4-16, Waste generating aspects
Proportion of
projects
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Value
Incompatible standard sizes available on the market
6 6 0 9
Errors by tradespersons or labourers
2 10 7 6
Designers unfamiliarity with alternative products
6 8 5 9
Environmental unfriendly attitude of project team and labourers.
5 IO 5 8
Changes made to the design while construction is in progress
7
6 11
Complexity of detailing on the drawings
9 7 7 6
Use of incorrect material, thus requiring replacement
6 13 6 4
Damage to work done caused by subsequent subcontractors
5 15 4 3
IO 8 8 3
Bad weather
Required quantity unclear due to improper planning
8 14 4 3
Ordering errors (to much, to little)
10 12 3 4
Incomplete contract documents at commencement of the project
11 11 2 6
Selection of low quality products
11 IO 5 3
Delays in passing of information to the contractor on types and
11 IO 5 3
sizes of products to be used
4
Materials supplied in loose form
12 11
Damages during transportation
IO 11 7 1
Inappropriate storage leading to damage or deterioration
11 IO 4 3
Equipment malfunctioning
11 IO 6
1
Lack of possibilities to order small quantities
11 12 2 3
Purchased products that do not comply with specification
11 14
Errors in contract document
13 14
Accidents on the construction site
15 IO 2
Note: The total score was calculated by summing the multiplication of the frequency
each option. See also section 3.3. Source: own survey, question IO

'*"

9
3
2
2
4
2

1
0

30
28
30
30
29
31
30
28
30
30
30
30
30
30

69
54
53
52
50
47
41
36
37
35
34
33
33
33

2,30
1,93
1,77
1,73
1,72
1,52
1,37
1,29
1,23
1,17
1,13
l ,IO
l,IO
l,IO

2

30 33 l,IO
30 32 1,07
29 31 1,07
29 29 1,00
1 29 29 1,00
2 29 27 0,93
30 23 0,77
29 21 0,72
and the value of

International relations are influencing this kind of waste generation according to
Rolando Fournier of CIVCO. Costa Rica is strongly influenced by the United States
and many construction materials are imported. The USA still uses the Imperial
System of measurement (British), which is not compatible with the international
standard SI-measures 1 used by Costa Rica. Apart from that, Costa Rica has to deal
with a colonial heritage. A Spanish unit, the 'vara', is used for wood dimensions. One
'vara' equals 84 cm. A wooden bar 'pulgada madera' measures, 1 inch x 1 inch x 4
varas. Materials from other, SI using, importing countries like Chile and Columbia are
not compatible. Extra waste is generated to fit all the pieces together. The problem of
the different dimensions is already analysed by the Camara Costariccense de la
Construcci6n and efforts have been made in order to solve that situation.

1

Systeme International d' unites, International System of Units.
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Another problem is the cultural mindset of 'one-way-thinking'. There is no awareness
of the fact that this way of thinking, in the end results in exhaustion of non-renewable
resources. An interviewed representative of a construction company stated that the
construction sector is very conservative and that many workers are ignorant with
regard to the environment. Therefore, the recycling NGO, Ceprona is making efforts
to promote a more cyclic way of thinking. Since recycling companies are demanding
material, the construction workers and supervisors only have to close the loop by
supplying their excess and waste materials to them.
Rolando Fournier, a professor at CIVCO (Housing and Construction Research
Centre), sees the non-modular way of construction as an important reason for waste
generation. In Costa Rica, only government-funded construction projects have to use
modular systems.

Waste handling
Although not strictly a 'source or cause' of waste generation, recycling practices play
an important role in reducing the pressure of construction waste by decreasing the net
flow of waste into landfills, dumpsites and nature.
The table below shows that more than 50% of all the responding firms separate most
or all waste at the construction site. Which classifications are used, is mentioned in
the table below (4-18). No significant waste separating differences exist between
small, medium and large companies.
Table 4-17, Frequency of waste separation
% of
companies
21%
38%
11
Half
3%
l
21%
Some
6
None
2
7%
10%
Do not know
3
29
100%
Source: Own survey, question 13
Projects
All
Most

# of companies
6

The table above does not give insight into the categories in which waste is separated.
Question thirteen also offered the opportunity to indicate which categories were used
to separate waste. From this open-end question, the table below shows the results.
Some firms answered that they use classifications like recyclables and nonrecyclables. However, most of the responding firms that separate waste, use
classification like wood, metal and the rest (garbage). Most of that garbage is thus a
mixture of all the construction waste minus wood and metal. This implies an
increased risk for the environment when dumped because of the pollutants and an
increased pressure on landfills due to the extra volume.
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Table 4-18, Number of construction companies using the stated waste classification
Classification t;r(!e
Metals/steel
Garbage
Wood
Paper
Reusable materials
Dirt
Plastics
Recyclable materials
No - reusable materials
Concrete
Gypsum
Solids
Stones
Chemicals
Organics
Toxics
Cardboard

#of companies
17
16
12
6
5
5
4
4
3
2

% of all classifications

81

100%

21%
20%
15%
7%
6%
6%
5%
5%
4%
2%
1%
1%
1%
1%
1%
1%

Note: N =30
Source: Own survey, question 13

Once waste is separated, it can be reused. The next table shows how many responding
firms reuse a certain waste flow. Some used the possibility to elaborate on how they
reuse the waste.
Table 4-19, Waste categories and reuse practices
Material
Wood used as casing

Reinforcement steel

Soil

Pieces of tube (e.g. PVC)

Clean wood waste
corrugated roof sheet
Wood (mixed with other

"Y.i:t.~t.~) .

#of
com(!anies How the material is reused
18
Some companies use moulded phenolic or metal casings. These are
reusable many times. Those who use wooden casings reuse it as
casings or store the best parts for future use. Some store it and reuse it
for whatever possibility emerges. Finally, some companies sell their
wood waste to serve as firewood for cooking purposes.
17
Some companies store it for future reuse in other projects, for roofing,
casings, welding pieces and small fittings. In that way, they prevent
extra procurement of materials. Others sell it to recycling companies.
Other ways are: modulation of pieces according to size of the metal
piece, used as structure re-enforcement or use in non structural pieces
14
Mostly reused as material to level the terrain. Fertile soils are used in
gardens and the rest is dumped in designated landfills or dumpsites
nearby.
13
Reused for 'many things'. One respondent sends it back to the
provider (ICE). It is also stored and reused for temporary installations
or for future projects.
12
Wood waste is used in casings, the best parts are saved until needed or
for future projects. It is also used as firewood.
It is sold to recyclers, used in temporary walls, roofs, installations or
12
stored to be used in future projects.
9
Reused for different things. The best pieces are stored and reused and

. . · · · · · · · · · · · · · · · ·· · -·- ____ _

-------·--!!1.~~~~t.i~41:1~P~~ i~gffi~illJ. . ~1:1~P~!!"'.~
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Carton

8

Electrical Wires

8

Plastics

7

Pieces of blocks

7

Paper

6

Paints

6

Excess concrete

5

Insulation material
Small pieces of brick
Pieces of reinforcement steel
Cement
Contaminated soil

4
4
3

2

Shoes, paint cans, etc.

Used by painters to protect, floors and walls from paint and to protect
floor from weights.
These are used on site to connect pieces. Otherwise it is stored and
used in other projects
Plastics are used to protect floors, equipment and tools. One
respondent sent it back to the provider. Storing to use later in other
projects is also done.
On-site it is used after crushing as fillings for walls. Sorting and using
in current or future projects is also practiced.
Paper is used to fill cement blocks. Some give it back to providers or
recycle it.
One respondent works with standard colours so that surplus can be use
in another project.
The most is used as filling for the soil (levelling) after being shredded.
It is also used as seals in foundations
Kept for future projects
The best is kept for future projects
Used for levelling
Treated like waste, it is brought to the municipal dumpsite or used to
level (on permitted zones)
We collect waste and dump it separately.

Note: N =30
Source: Own survey, question 14

Eighteen out of thirty companies reuse wood waste and seventeen reuse reinforcement
steel. The most practiced reuse method is to keep the usable parts for later use on the
same project or on later project. The following table shows that few companies are
reusing (or handling) material off-site within their own company or via another
company. Most of the recyclable materials are reused within the own company.
Except for soil, 5 out of 9 responding firms use other companies to recycle waste
(top)soil.
Table 4-20, Number of companies that recycle materials within their own company or via an
other company
Material
Paper
Cardboard
Gypsum
Reinforcement steel
Wire
Wood (mixed garbage)
Clean wood leftover
Wood used as casings
Plastics
Pieces of tube
Pieces of corrugated roof
sheet
Isolation foam
Soil
Contaminated soil
Excess concrete
Small pieces of brick
Pieces of blocks

By own
company

1
3
0

16
12
10

15
17
7
12
9

5
4
0
0

By other
company
3
2
0
3
2
3
2
1

2
0
5
3
2

7

2
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Pieces of reinforcement steel
Cement leftovers
Paints
Shoes, debris, paint cans

5
0

3

7

3

Source: Own survey, question 15

Sergio Gonzalez is the chief executive of a recycling organization called Ceprona. He
mentioned that construction companies sometimes request future owners to buy more
materials than actual needed. This practice is profitable for the contractor who can
benefit from increased turnover and convenient for the construction workers. They do
not have to work meticulously in order to get the most useful sections out of a piece
of wood or a steel bar. Obviously, this practice generates waste. Luckily, leftovers are
used to construct ladders, sieves and scaffoldings. However, when the construction is
completed, these tools are disposed of. A useful practice is informal recycling by
construction workers. They take useful materials home for whatever purpose. The
scale of this informal recycling is unknown. Another important initiative is MERSI.
This is a virtual marketplace in which companies can offer their waste materials.
Interested buyers can get in contact with the potential seller and thus supply and
demand are brought together resulting in a win-win-win situation since the
environment is also profiting.
Barriers and incentives
The following table deals with incentives. The responding firms identify
environmental awareness and cost reduction as important incentives to act
environmental benign. The firms considered customer demand unimportant which is
remarkable. A possible explanation could be that the respondents firms thought that
current costumer demand was meant instead of the effect that high costumer demand
for sustainable (constructed) houses could have on their construction practice. Firms
do not attribute much importance to the reselling of excess or waste materials. This
makes sense, since acquiring new materials cost more than selling old material yields.
Table 4-21, Incentives to use more benign construction methods
Very
#of
Aspect
No Little Some Much much com~anies
Value
1
2
0
3
4
Environmental Awareness
3
8
11
31
8
Cost Reduction
3
10
9
6
29
Promoting the image of the
7
2
5
12
4
30
company
Regulations and
3
32
6
9
11
3
environmental enforcement
Improve market share I
4
4
11
3
28
6
competition
Customer demand
9
4
6
8
3
30
Following what the
4
7
8
28
9
0
competence has done
Suppliers (e.g. information or
8
12
3
4
28
assistance)
Note: The total score was calculated by summing the multiplication of the frequency
each option. See also section 3.3.
Source: own survey, question 18

Total
score

Average
score

84
74

2,7
2,5

69

2,3

69

2,2

59

2,1

52

1,7

43

1,5

34

1,2

and the value of
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Many measures to reduce the environmental pressure are linked with increased
material efficiency and hence with economic benefits. The next table deals with how
much influence economic incentives have on the decision to use environmental
benign technologies. Material savings scores high, but more surprising, improving
process management also. This might have something to do with the fact that the
engineers of the responding firms are responsible for the processes and are interested
in the topic. However, in the construction sector the profits are very high in the order
of 50 percent. As a result, the companies are not so eager to invest time, effort and
money in ways to increase their profits a few percent .
Table 4-22, Economic incentives
Actions

No

Very
Little Some Much much

#of
com~anies

Total
score

Average
score

1
2
4
3
value
0
- · - - - · -·----··
3,1
Reduction of material loss
3
5
9
13
30
92
0
2,8
11
31
88
Reduction of accidents
0
3
10
7
2,7
4
5
13
8
31
85
Savings on raw materials
2,7
2
10
12
6
30
82
Improved process management
0
2,3
7
6
31
72
Savings on energy use (electricity,
7
10
fossil fuel, etc.)
2,4
70
7
9
6
29
6
Reduction of risks
2,3
Reduction of equipment failures
1
7
7
10
4
29
67
2,2
2
10
3
9
6
30
67
Diminishing the cost of treatment
and final disposal of waste
2,2
11
5
6
7
30
67
Diminishing the cost for insurance
and contributions to the Social
Security System
2,3
29
8
8
6
6
66
Minimisation of material rejection
4
58
1,9
Diminishing of legal costs
13
7
5
30
associated with environmental
problems and insurance (fines,
compensations)
1,8
29
12
6
5
3
51
Additional profits, as a result of the 3
reselling of sub products
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 19

An important barrier to acquire knowledge is the lack of money to implement
programmes. The availability of programmes is an important barrier also. This
outcome corresponds with the mentioned lack of awareness and with the statement of
one of the interviewed supervisors who wanted to act environmental benign but did
not know how to do so. This fact underscores the unawareness of construction
companies since the CNP+L has a list with many easy to implement measures. Only
eight companies went to the CNP+L to obtain information, only two considered the
information useful.
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Table 4-23, Knowledge barriers
Knowledge barriers

#of
Very
No Little Some Much much comeanies

Total
score

Average
score

Value
1
2
3
4
0
Lack of money (cost of the
30
78
2,6
10
7
4
8
programmes)
31
Lack of programs and studies of
77
2,5
4
2
6
15
4
sustainable construction.
Lack of interest or lacking
31
74
2,4
5
2
4
10
10
company culture
Lack of time
30
66
2,2
3
7
7
7
6
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 21

One of the most important economical barriers for the use of sustainable construction
is the lack of financial instruments like taxes and subsidies. A second important
barrier is that the prices of the construction works do not reflect the environmental
cost. Implicating that companies are willing to use technologies that are more
expensive if only they could price their houses higher. Low demand for sustainable
building is also considered an important barrier. This might be contradictory to a prior
finding that costumer demand did not play an important role in motivating the use of
sustainable technologies.
Table 4-24, Economical barriers
Economical barriers

.
Very
#of
No Little Some Much
h
.
muc comeames

Total
score

Average
score

Lack of financial instruments in
2,4
2
4
29
8
10
5
70
general
Price construction does not reflect
2,4
29
4
5
10
7
69
3
the 'environmental cost'
Low demand for sustainable
2,3
3
4
6
12
4
29
68
buildings
First priority is economic profit
2,4
2
6
4
12
4
28
66
Emphasis on investment cost, not
28
2,3
11
4
65
2
6
5
on low cost on long term.
Low energy price
2,0
11
3
28
57
5
6
3
Resolving the lack of houses has a
2,0
5
4
5
27
53
larger priority than improving the
7
6
environment
Other, specify
Unfamiliarity with the economic return on
ecolo~ical investments
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 21

The most important technological barrier to use sustainable construction is the fact
that designers work alone and lack an integral approach of the process. The second
highest barrier is the fact that clean technologies appear expensive for the
respondents. This is in line with the previous finding that there is unfamiliarity with
the economic returns on ecological investments.
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Table 4-25, Technological barriers
#of. Average Total
No Little Some Much Very
Technological barriers
much comparues score
score
Designers work alone I Lack of
25
integral approach in the design
5
3,0
74
0
13
6
process.
Assumption of high costs of clean
2,7
2
2
6
6
9
24
68
construction
Lack of knowledge of appropriate
4
6
14
4
29
2,6
74
technologies and their
implementation
Lack of availability of appropriate
2,5
5
5
17
2
30
74
technologies
The users of the building do not
2
12
4
24
2,5
3
60
participate in the planning and
3
design process.
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 21

Several governmental aspects are considered important barriers. Inconsistencies
between different governmental agencies rank highest. Bureaucracy and lack of
governmental support to use sustainable technologies are also considered important.
This result corresponds with the previous finding that companies would like more (tax
and subsidy) incentives.
Table 4-26, Governmental barriers
Very
#of
Total Average
Governmental barriers
No Little Some Much much com~anies score
score
Inconsistencies between different
11
11
29
87
3,0
governmental agencies (regions,
2
4
municipalities)
Governmental bureaucracy
4
29
84
2,9
13
2
3
7
Lack of Governmental support I
2,8
2
3
5
8
11
29
81
Incentives are not sufficient to
motivate
Inefficient environmental norms
5
9
IO
4
29
69
2,4
Lack of available information
3
7
5
8
6
29
65
2,2
regarding the requirement of
environmental norms.
Inappropriate environmental norms 5
7
5
9
3
29
56
1,9
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 21

Environmental studies are a way to decrease environmental pressure because they
reveal information about possible environmental pressure of construction activities
and act as an incentive to behave environmental friendly. Especially, if the
government (via Setena) obliges to alter the initial plan in order to decrease the
environmental pressure. Prior to the construction of buildings in excess of 300 m2, or
more than two stories high a range of studies have to be performed. The exact kind of
study depends on size and location. Large buildings and those planned in fragile areas
are subject to more elaborate and stringent norms than others are. The table below
shows how responding firms perceive the influence of six studies regularly used by
Costa Rican governmental institutions. The respondents were asked to answer this
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question only if they actually had to perform the study. The responding companies
considered the Environmental Impact Assessment (EIA) most influential. This is not
surprising since the EIA is a very comprehensive assessment.
Table 4-27, Influence of Environmental studies and evaluations
Studies
No
0

Very
#of
Little Some Much much cOmJ.!anies
1
4
2
3
...--·---·-·--·-··-····------

Value
Environmental Impact Assessment
(EIA)
4
5
4
6
7
Studies on environmental impacts
(EslA)
7
5
4
6
4
Strategy for environmental impact
(EAE)
8
5
2
6
2
Declaration of the environmental
impact (DIA)
4
6
9
2
Environmental Management Plan
7
5
7
6
Environmental Commitment
4
Declaration
8
5
6
Note: The total score was calculated by summing the multiplication of the
each option. See also section 3.3.
Source: Own survey, question 22

Total
score

Mean
score

26

51

2,0

26

47

1,8

23

35

1,5

22
26

29
41

1,3
1,6

1,5
24
36
frequency and the value of

This section showed that the lack of governmental motivation and enforcement is a
general cause. At the company level the most important cause for waste generation is
unawareness. This results in low interest in sustainable ways of construction and is
thus a barrier to decrease the environmental pressure. The respondents also indicated
that a lack of money to implement programs is a barrier. However, there is also
unawareness of the potential profitability of sustainable technologies.
Furthermore, still 80% of the responding firms declare that they dump their waste on
a landfill, while 20% does not know where their waste is disposed of and another 15%
of the companies admit to dump their waste illegally.
Now that the causes on a micro scale have been assessed, the focus will be broadened
and a meso scale analysis will be conducted. The next section is devoted to a
stakeholder analysis in order to shed light on the organisation of the construction
sector.

4.5

How is the construction sector organized?

This section is structured as follows. First an overview of the characteristics of four
important groups of actors is given, namely the construction companies, the
government, labour and society. These actors work together in an actor-network in
order to construct buildings. Consequently they need to communicate and exchange
information to: 1) keep the network together and 2) to construct buildings. The second
part of this section is therefore devoted to a discussion of four information flows
influencing the on-site waste generation and subsequent handling, namely legal ,
material , construction and waste handling information. Subsequently, the interaction
between these actors and the information flows is given. Finally, this paragraph is
summarized in a conclusion.
Construction companies
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The size of the companies that participated with the questionnaire is depicted below
and was defined based on, the number of employees working for the company during
the execution of the survey because the sizes fluctuate, depending on the number of
projects the firms are executing. In Costa Rica, for this type of activity, companies
can hire and fire personnel relatively easily since the employees have temporary
contracts.
Table 4-28 Company size by category
#Of empl.
< 25
25 - 100
> 100

Label
Small
Medium
Large

# of firms
11
9
9
29

~~~~~~~~~~-

Source: Own survey, question 2

The distribution above, based on the sample, probably does not reflect the actual
situation among construction companies in Costa Rica. In fact, the construction sector
consists mainly of micro and small sized enterprises with ten or less employees. The
general assumption is that these companies make up for 90% of the total number of
companies. However, it is very difficult to have these incorporated in the sample
because the micro companies work informally and they are not registered. As a result,
they could not be incorporated in the sample, which was based on data from the
CFIA.
The Association of Engineers and Architects of Costa Rica (CFIA) and the Costa
Rican Construction Chamber (CCC) are the two organizations that have a database of
some of the small, and most of the medium and big companies, but no registration
related to most of the micro-enterprises. According to Randall Murillo from the CCC,
the different types of construction firms can be distinguished according to their level
of formality. First, the large group of informal micro companies involved in the
construction of small houses, renovations, etc. This group is not registered and, from
what is generally assumed, uneducated. Secondly, there is a considerable group of
semi-formal construction companies. This group is characterised by the fact that they
are registered at the CFIA. The number of registered construction companies is two
thousand. The third group is characterised by the fact that they are, apart from the
CFIA, a member of the Construction Chamber (CCC). This group is, as part of the
policy of CCC, fully formal, implying that the companies accounting complies with
all the tax laws and that they maintain a high level of quality. Three hundred
companies are associated with the CCC.
The public and private sectors are the clients of the construction firms. The public
sector, national government and its agencies, are responsible for infra-structural
works, administrative, health care, educational, cultural, entertainment, recreation and
low-income housing. The public sector is the major investor in dwelling construction
projects for the lower income households. The private sector is responsible, as well as
the public sector, in procurements for educational, health, cultural, entertainment,
recreation and middle and high income family projects.
The micro-enterprises are responsible for most of the rural and some of the lowincome urban housing; the other companies mostly have the responsibility to develop
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all the other types of projects. Some of the companies registered in the database of
CFIA are not dedicated in the construction but in the design system.
As the next tables shows, the responding companies primarily construct residential
buildings. One third of the responding firms is rather specialist and constructs only
one type of project (e.g. only houses). A few (13%) of the responding firms are
generalists and construct all five types of projects. These findings are in line with
those from literature saying that most of the construction activities are related to
houses.
Table 4-29, Companies by type of construction projects
T~pe of project # of companies % of companies
Residential
31
78%
Commercial
25
63%
18%
Renovation
7
Industrial
17
43 %
40%
Public
16
Source: Own survey, question 24

Table 4-30, Degree of specialisation

# of categories # of companies % of companies
14
35%
1
18%
2
7
25 %
10
3
5%
4
2
5
5
13%
Source: Own survey, question 4

From an interview followed that the Federation of Engineers and Architects, CFIA, is
a very important actor. The CFIA is a highly respected and often consulted
organisation. They advocate both the interests of the individual engineer as well as
those of the society and have considerable resources. Almost all the Costa Rican
engineers are members of the Colegio, each in one of the five specialized
departments. As a result, the 'Colegio' has a lot of influence on both the industry and
government.
Another important organisation is the CCC, the Costa Rican Chamber of
Construction. Randall Murillo, president of the chamber, pointed out that CCC is
mainly a professional organisation to promote the interests of its members. Although
the motivation of the CCC is primarily economical, they do keep the environment in
mind. Several activities lead to both economical and environmental profit. At CCC,
efforts are made to tackle the problem of a lack of spatial planning in municipalities
and the complex procedures of obtaining environmental permissions (to construct).
Improving spatial planning prevents the construction of building in fragile areas.
Promoting the enhancement of environmental procedures saves time and effort for
construction companies, making them more willing to comply. Related to fragile
areas mister Murillo pointed at the importance of the IFA (Indicator of Environmental
Fragility). The IFA has to identify locations that are more fragile than others (e.g.
coastal areas, rivers, national parks) so that this information can be incorporated in
spatial planning by the INVU (National Institute for Housing and Urban
Development).
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Ramiro Fonseca from the CFIA explained the following diagram, depicting the steps
needed to obtain approval for the construction of a building. Obviously, this diagram
contains several important actors related to environmental issues.
Figure 4-9, Construction Approval Procedure (The procedure does not necessarily occur in the
depicted order completely)

Colegio
Federado

Municipalities

t-----t~

INVU (Housing
institute)

(Public) Utilities

i---...-

MOPT

Setena
(Ministry of
Environment)

Permission

Source: Interview with Ramiro Fonseca from CFIA

The complete process takes about six months if all the information needed is readily
available. If not, it may take two years before approval is granted. This fact may
induce illegal construction activities because companies might not want to engage in
such a lingering procedure.
Government
The procedure above provides a nice starting point to discuss the different
governmental institutions involved in the construction sector. The procedure starts
with registration at the Colegio Federado (CFIA) and is finished with final approval
by the municipality. Strangely, the CFIA does not play an important role in this
situation as the proposal is not checked for environmental performance and the
influence of the CFIA is limited to the structural design. Next, INVU and the
municipalities decide whether the proposed building fits in the spatial planning. When
approved, public institutions like Instituto Costariccense de Acueductos y
Alcantarillados (Costa Rica Institute of Aqueducts and Sewerage) ICAA, MOPT
(Ministry of Public Works and Transportation) for connection to the public roads and
ICE for electricity, authorize the plan. Setena plays a very important role in assessing
the environmental impact of the proposed construction and finally the ultimate
permission has to be granted by the municipalities, who therefore, possess
considerable power.
SETENA (Secretaria Tecnica Nacional Ambiental) is a sub-organisation of the
Ministry of Energy and Environment. According to Rolando Fournier of ITCR,
Setena is an important controlling institution. It assesses applications for construction
projects. Depending on the magnitude and the location of the project stricter or less
strict rules are applied to oblige construction companies to pay attention to
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environmental issues. However, they do not have sufficient means to control the
execution of the approved projects. Many NGOs assist the Government and protect
their environment by reporting misbehaviour to government officials.
The Ministry of Health (MINSALUD) is responsible for waste-related issues. On their
behalf, a 'National Waste Management Plan' is being devised. The first version was
published ten years ago but the formulated policy has never been put into practice. As
a result, the expectations of the emerging new version are mixed. Nevertheless, it
contains a small section devoted to construction waste prepared by Cegesti, a
consultancy company.
As a result of the personal interviews, it can be said that (apart from Setena) the
government doesn't intervene directly with the construction sector, but indirectly by
means of the different low-income housing programmes developed during the
administrations, but the programmes often change with the set up which are modified
very often with the change of governments and political parties.
The government has established different institutions in order to deal with the housing
improvement, specially meant for the low-income families, such as the Ministry for
Housing and Human Settlements, (MIV AH), the National Institute for Housing and
Urban Development (INVU) and the Housing Mortgage Bank (BANHVI). The roles
of the different institutions were not part of this study.
Labour
The construction sector in the country is labour intensive, with workers sharply
divided between a higher level, mainly composed by skilled engineers and managers
that are organised on a permanent basis, and a lower group that are low motivated
employees working on site, which are hired with temporary contracts and low
salaries. The training of these workers takes place on site in an informal way. It is
common to hire unskilled migrants from Nicaragua, who in many cases are illegal.

It may be expected that most of the talented workers without a degree are promoted
from the building practice and they slowly move towards more managerial tasks as
also observed in the case of the Netherlands.
The workers of the construction sector are not affiliated to any kind of union or
association, which is a common situation for the private sector in Costa Rica not to
have these types of affiliations.
The overall level of education of the supervisors (the foremen on the construction
sites) working for the responding firms is depicted below. Almost two thirds of the
supervisors have primary education or secondary education up to the third year. The
last column shows the number of companies of which the highest educated supervisor
has obtained the mentioned level of education.
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Table 4-31, Educational level of supervisors and number of companies per highest level
Highest level of education
No education
Primary\
3rd year of secondary
Secondary (MA VO)
Secondary vocational (VMBO)
College (HBO)
University
Additional vocational training

#of
supervisors

%of
supervisors

# of companies per
highest level

0
110
49
39
20
14
11
2
246

0%
45%
20%
16%
8%
6%
4%
1%
100%

0
3
3
6
4
6
24

Note: N =24
Source: Own survey, question 3

Most of the additional vocational training is provided by INA (lnstituto Nacional de
Aprendizaje ). The CFIA and the CCC also provide trainings but none of the
respondents mentioned those institutions.
To assess the attention paid by universities to sustainable construction in particular
and environmental issues in general a telephonically survey was conducted. Of the 40
universities called, four offered courses in construction engineering or architecture.
Only two of those four paid attention to sustainability issues but not in the form of
specific courses. Surprisingly, a business university offered a sustainability course, on
a general level. These results show that interest in sustainability issues has not yet
gained ground in the academic world.

Society
The society from which the actors stem, plays an important role. Governmental
policy, education, media and moral believe shape and influence actors constantly. As
such, it forms the basis for the societal response of the sector. However, as stated
above, the educational system shows a lack of interest in sustainability issues. As a
result, 'society as whole' will act environmental unaware unless other actors for
instance magazines, television or co-workers inform them. Public opinion, however
interesting, is not a part of this thesis.
Related to actors and information the diagram below can be devised. It depicts · the
most important and directly involved actors according to the behaviour changing
information they might provide. The blue arrow depicts the material flow influenced
by information from different institutions. Whether gathered deliberately or not, the
information contributes to the final material stock of which the building is erected.
On-site, information flows related to material handling and construction determines
the efficiency (in physical terms) of the construction process (e.g. waste generation).
Finally, information related to waste handling determines whether waste is reused,
recycled or rejected.
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Figure 4-10, Actors influencing information flows to a construction company altering the final
environmental response of the construction activities.
Education and prevailing attitudes and beliefs within society
Legal
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Changes in each of the information flows have an effect on the response of the
construction sector. Therefore, they possess an important role in the response of the
construction sector. In the remainder of this section, the elements of the diagram will
be discussed.

Legal information
This type of information has to do with regulations related to proposed construction.
The previously described procedure to obtain permission to construct is an important
part of it. After all, construction companies are not likely to act environmentally
friendly by self-motivation. Therefore, legal information is important to make sure
construction activities do not exceed certain maximum levels of negative
environmental effects. Setena is the most important actor related to environmental
legislation and has the potential to inform about, adjust according to, and even enforce
the law.
Information or awareness about whether legislation is enforced or not, is also
considered legal information. Because based on that kind of information, constructors
or waste haulers decide to dump waste illegally. Enforcement is lacking and therefore
the barrier to dump waste illegal is low. The environmental response of the sector
would increase if better enforcement could be imposed.
However, there must be environmental friendly alternatives available, for instance in
the form of material information.

Material information
Material information has to do with design, material use and procurement of
materials. If designers, who, according the results of the questionnaire, receive a lot of
responsibility from the responding firms, and contractors are informed about (aware
of) sustainable materials the environmental response will improve.
This kind of information bears a longer-term characteristic since designers (of
construction and of construction materials) need to be properly educated to consider
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environmental aspects. Obvious educational institutions play a very important role
here. As well as institutions responsible for or involved in technology transfer.

Construction information
Information related to sustainable construction is vital related to the on-site material
use and waste generation. Therefore educational and research institutions play a very
important role. Especially training institutions like CFIA, CCC and INA should be
able to instruct construction workers on a short time basis. The responding firms in
the questionnaire also pointed out they needed information and wanted to be more
'aware'.

Waste handling information
This kind of information relates to the threats and opportunity of waste material. The
recycling actors, CNP+L, Ceprona, Redciclaje, are knowledgeable in this field while
MERSI is a useful tool to bring supply and demand together.

Interaction
Organisation has to do with communication. Therefore, it is interesting to know with
which actors the responding firms communicate in order to obtain information about
sustainable construction.
The table below shows that the number of times an information source was not useful
is very high. This is remarkable that clients rank high among the most used
information sources and they have the highest usefulness ratio. This indicates a high
importance for client-oriented programs in order to move construction companies to
use sustainable construction. That the National Centre of Cleaner Production is poorly
used is a pity since they are developing interesting insights in sustainable construction
for the Costa Rican construction sector. A lack of advertisement (awareness) can be
the problem.
Table 4-32, Information sources used or not used by the responding firms
Information source

Ministry of Environment and Energy
Clients
Consultants
Association of Engineers and Architects
(CFIA)
Universities or Research Institutions
Construction Chamber
Specialised journals, specify
Non Governmental Organisations
Ministry of Public Works and transport
Governmental agencies
Municipalities
Nacional Centre of Clean Production

Useful
14
12
11
11
10
6
6
6
5
5
4
2

Not useful
5
3
7
6
7
9
2
6
7
8
8
7

Not used
9
13
10
11
11
13
20
16
16
15
16
19

Source: Own survey, question 27

Another important organisational characteristic is the extent to which companies hire
the same contractors for different projects. Companies with a strong relationship with
subcontractors can impose environmental friendly techniques more easily. However,
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cross tabulating with environmental performance does not yield significant
differences, between high or low scoring companies. The most companies (19) hire
the same contractors in more than 50% of the projects. This practice is an opportunity
for a stronger relationship between main- and sub-contractor. Once a strong
relationship is established, knowledge transfer and investments in training of the
workforce will pay-off. However, someone has to pay for these courses and would
like to have a return on investment. Because only half of the subcontractors work on a
regular basis with a main contractor the latter is likely reluctant to invest in education.
Table 4-33, Use of the same contractors on different projects
% of projects
# of companies
3
<25
25 - 50
6
50- 75
13
75 - 100
6
Don't know
2
Source: Own survey, question 30

The table below shows some organisations with which responding firms are affiliated.
The underlying idea is that relationships with knowledge institutes might have a
positive effect on the environmental pressure of a construction company. CCC and
CFIA are not-surprising outcomes since al companies must be registered with the
CFIA by law and the CCC is a business and lobby group for construction companies
with a high quality standard.
Table 4-34, Involvement in other organisations related to the construction sector
# of companies
Not involved
22
7
Involved
Note: N =29
Source: Own survey, question 31

Table 4-35 Names of organisations in which construction companies are involved
Organisation
CCC and Setena

Tajo
CCC
A COVI
CFIA
Fundaci6n para la Vivienda
Rural Costa Rica - Canada
Municipalidad de Flores

Position
Member of the plenary
commission of Setena and
the CCC
co-owner
member
Road constructor
member
External consultant

#of
companies

Consultant

Source: Own survey, question 31

The following three tables show how the responding firms perceive the level of
knowledge of, interest in and responsibility for sustainable construction of different
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actors in the construction sector. In the tables, the frequencies are showed for each
level.
The first table shows that the responding firms attribute an average to low level of
knowledge about sustainable construction. Educational institutions rank highest with a
score of 1,9 followed by the supervisors who considerer themselves averagely
knowledgeable.
Table 4-36, Perception of knowledge about sustainable construction of actors

Actors
Value
Educational institutions
Supervisors
Designers
Developers
Owners
Municipality workers I
inspectors (government)
Suppliers
Contractors
Real estate agents

n.a.
n.a.
3
0

No
0
2
3
2
1
6
7

Very
#of
Little Some Much much companies
1
2
4
3
26
7
5
2
10
29
15
4
5
2
28
16
4
3
3
28
1
17
6
3
29
16
3
3
28
11
7
2

15
2
2
3
0
7
2
1
9
13
3
1
2
10
0
0
3
14
Note: The total score was calculated by summing the multiplication of the
each option. See also section 3.3.
Source: Own survey, question 32

Total
score

Mean
score

50
46
45
42
37

1,9
1,9
1,6
1,5
1,3
1,3

35

1, 1
29
1,0
26
0,5
14
frequency and the value of
27
27
26

The table below shows that the responding firms attribute the most interest in
sustainable construction to educational institutions. Nevertheless, all total scores are
below the half of the total score, indicating a low perceived interest in sustainable
construction.
Table 4-37, Perception of interest in sustainable construction of actors
Very
Actors
Value
Educational institutions
Developers
Designers
Supervisors
Municipality workers I
inspectors (government)
Owners
Suppliers
Contractors
Real estate agents

··············································- ··························-·-····--

#of

___ !!~~-----~Q _ 1.i.!~!~ ~~!i.!~M!!~.l.1. !!1.!!~.l.1. -~~!i.!P!cl!!i.~~-

n.a.
2
1
2
2

2

1
8
12
12
13

2
9
6
7
6

3
7
5
4
4

4
2
2
2
2

5

10

6

3

2

0
0
2

28
28
28
28
28

Total
score

Mean
score

55
47
46
45

2,0
1,7
1,6
1,6
1,4

39

1,3
28
2
1
37
2
4
11
8
1,0
29
2
13
3
2
30
8
1,0
28
1
2
14
4
29
6
0,6
27
0
15
2
14
9
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 32

The last table in this series of three is the only one with values higher than the half of
the maximum score The responding firms assigned the most responsibility for
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sustainable construction to designers. However, the supervisors (completing the
questionnaire) awarded themselves also with a large responsibility.
Table 4-38, Perception of environmental responsibility of actors
Actors
Value
Designers
Supervisors
Developers
Educational institutions
Municipality workers I
inspectors (government)
Contractors
Owners
Suppliers
Real estate agents

n.a.
n.a.
0
0
0
0

No
0

0

2

Very
#of
Total
Little Some Much much com~anies score
1
2
4
3
------28
82
3
4
9
11
28
78
6
1
10
10
28
4
5
9
9
77
28
5
5
10
7
73
28
5
7
6
8
69

Mean
score
2,9
2,8
2,8
2,6

2,5
28
2
7
3
9
7
68
0
2,4
28
4
4
0
5
9
6
65
2,3
28
4
0
7
5
7
5
58
2,1
28
2
8
7
9
32
1, 1
Note: The total score was calculated by summing the multiplication of the frequency and the value of
each option. See also section 3.3.
Source: Own survey, question 32

From the interviewed at a construction company followed that they worked together
with CNP+L and two construction companies, a sub-contractor and a concrete
supplier in order to develop ways to diminish the amount of generated waste.
Considerable savings on raw material use have been established. Based on their
experiences they advocated a top-down approach related to sustainable construction.
Companies should be made aware of the both the problems and the possibilities, then
workers will follow next. A useful approach is economical, because many companies
are unaware of the environmental threat and to the fact that sustainable construction
can also be beneficial from a financial point of view.

4.5.1 Concluding section
A large part of the construction sector operates informally. Those companies that do
not, are registered at the CFIA and CCC. Both of these institutions are representing
the construction companies and offer courses. As a result, these are highly influential
actors. Especially the CFIA since almost all engineers are member and it has a highly
respected status in society.
The construction companies are primarily motivated from an economical point of
view and do not pay much attention to environmental issues as they are generally
unaware of environmental issues related to waste generation. A governmental body
called Setena is responsible for the assessment of construction plans from an
environmental point of view. When those plans do not comply with a certain standard,
they have to alter the plans. However, they lack the resources to enforce the
environmental laws. Luckily, many small-scale local environmental groups are active
to report misbehaviour to governmental officials. However, this happens on a
voluntarily basis and the extent of the activities is not known.
The supervisors on the construction site have low educational levels and the workers
are mostly uneducated. Most of the practical training is done on the job and as a
result, sustainable influences are unlikely to have effect on the labour force.
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Only a few companies pay considerable attention to environmental issues.
Remarkably, those few are closely related in a cluster consisting of a consulting
company (CNP+L) a construction company (contractor) and two sub-contractors. The
knowledge sharing process proved to be very worthwhile.

4.6

Which products and processes are used to decrease the pressure on
the environment

Longterm
Several interviewees mentioned the importance of the development of standardized
construction materials. The development and implementation of prefabricated
elements would be beneficial also. The problem however, is that the future
homeowner is used to the conventional way of construction. Walls from concrete
block enforced with concrete columns. This kind of construction looks much stronger
than the slender, but not weaker, concrete slabs used in prefabricated construction.
The frequent earthquakes make people very susceptible for the perception of a strong
and solid house.
On governmental level, the new National Waste Management Plan is devised.
According to Jan Jans sen from Cegesti, the plan will address a wide range of waste
issues, construction waste included. The implementation of this plan seems to offer
only marginal opportunities for construction waste. However, the multisectoral
approach of the problem may entail interesting opportunities.
Finally, the standardisation process that has to prevent the described problem with the
use of different standard measures is in progress and may yield results in the future.

Short term
Environmental minded institutions use the 'quatro R' principle as a tool to enhance
the awareness among actors in the construction industry. The 'four R' stands for
Reduce, Reuse, Recycle and Reject. Awareness creation is a very important step
towards sustainable construction.
One of these environmental institutions is the National Centre for Cleaner Production
(CNP+L), which is funded by the National Industrial Chamber, the Costa Rica
Institute of Technology and CEGESTI. The centre aims at a reduction of the
environmental pressure of all industrial sectors, the construction sector included. In
close cooperation with a construction company the CNP+L devised the following list
with practical measures to reduce the environmental pressure. The list is reduced by
leaving non-construction practices such as "water efficient bathroom fittings" out.
Use of cement trucks for foundations and garages. (in cooperation with
EDINSA and) This saves a considerable amount of cement bags.
Use of pre-fabricated stairs
Prefab floor tiles for garages
Environmental evaluation of (sub) contractors
Handbook with best practices for (sub) contractors
(Company) website with environmental information
Waste identification system according to a colour system.
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Water hoses with pistols to shut of the water flow if no water is needed
Energy profile for construction equipment
Benchmarking by comparing waste generation with other companies.
Recycling exchange products-services (Producol) (Mersi)
Training for all the personnel including sub-contractors
Request utilities to incorporate historical consumption charts on water and
electricity bills to create insight in the consumption rate. (As in ESPHMunicipality Belen)
Apply action plans with contractors to reduce environmental pressure.
Use TV channels to promote sustainable construction
Award suppliers with an environmental performance classification.
Biodegradable hand wash soap on the construction site
Promote the use of funds to assist small and medium enterprises to be able to
invest in clean technologies. (ACORDE-MICIT I PYMES)
FONAFIFO incentives to use of 'phenolic' casings. These can be reused up to
25 times.
Reforestation program related to the use of paper and carton.
Training of sub-contractors (bi-monthly) to introduce and enhance best
practices among block workers, roof structures, tile workers, etc
Blueprints available on-site. (This often is not the case, leading to mistakes,
corrections and waste)
Sending topsoil (with vegetation) to greenhouses, so they can tum it into
fertile soils that can be reused. (Vivero Girasol)
Results from the questionnaire (Table 4-19) show that companies already save
materials for reuse on-site or in future projects. The ones that do not, should be made
aware of the possibilities to do so. The same holds for the recycling of less reusable
materials, too much companies reject their waste. Especially the separation of
garbage, which often contains all the rest materials including paint leftovers, should
be given priority. A special separation and treatment of hazardous waste flow can
improve the environmental response seriously.
At ITCR, CIVCO has developed a modular construction system called 'Habicon'.
This system has been developed with the environment in mind. As a result, it
diminishes environmental pressure during construction, use and demolition. It is made
from a wooden structure with modular, concrete panels to construct floors and walls.
Recycling is also an option to reduce the pressure. An organization specifically
oriented towards recycling is Ceprona. Sergio Gonzalez, the director, considers it a
pity that some Costa Rican companies are in need of raw materials (they are even
importing them) while many reusable materials are dumped. The following
companies are able and willing to process waste materials but have shortage of raw
materials.
Fundici6n Saborio
Vicesa
Aman co
Empaques Santa Ana
Kimberly Clark

Needs bronze, alumina and cupper
Needs glass
Needs old newspapers to produce 'plycem '.
Recycles cardboard
Recycles paper
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4.7

DPSIR

The waste generation problem is approached using the DPSIR model of the OECD
accompanied with insights from actor network theory of Latour (2005). In the
conclusive part of this section a link with the model is made by placing the numbers
of the sub questions on the corresponding places of the model. A more detailed
analysis is given in the results section.
Figure 4-11, DPSIR model
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Impact -> Societal response
The research showed that the information flow from the impact to the societal
response is not strong enough. There is a scarce amount of available information.
Therefore, the unawareness that exists under the construction companies maintains.

Societal response
Subsequently, those construction companies that are susceptible for information
related to the impact of their activities often have difficulties in finding ways to
reduce their pressure on the environment. Many companies have to cope with a lack
of time and money and a government that lacks financial incentives to promote
sustainable construction. In addition, among construction companies, sustainable
technologies are perceived as cost inefficient. However, the results show that
investments in sustainable technologies pay off.
Some important responses that are already taken place are:
Activities form the national centre for cleaner production
The governmental environmental agency Setena
Different waste reducing measures taken at construction sites
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Efforts of recycling companies to promote the reuse of materials
Efforts of a few educational institutions to investigate socio-environmental
relationships.
Those measures are aimed at the reduction of the environmental pressure of the
construction companies in the short or the long run.
Pressure
The pressure identified in this research was the waste generation of construction
companies. The magnitude and the impact of waste generation were assessed. The
2
results showed that an average of approximately 100 kg/m construction wastes is
generated and that most waste is discarded in a mixed state. It is a common practice to
dump construction waste into rivers, hillsides or other places. In addition, waste is
also burned every now and then to reduce the volume. The negative ramifications for
air, soil and water are both ecological and economical.
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5 Conclusion
The question addressed in this thesis was:
"How do the institutional and organisational characteristics of the Costa Rican
construction sector influence waste generation and its environmental impact? "
The sub-questions addressed are:
1) How much and what kind of waste is generated?
2) What are the causes of construction waste generation?
3) What is the environmental impact of waste generation?
4) How is the construction sector organized?
5) What products and processes are used to diminish the environmental pressure?
Answering the main question results yields the following conclusion:
Waste generation is influenced by a general lack of awareness of environmental issues
among the construction sector. Those actors willing to improve their environmental
response are hampered by a lack of: information, awareness of available technologies,
and missing governmental or market incentives to use those technologies. The
generated waste is often disposed of, instead of being reused or recycled. This stems
from lacking law enforcement and the unfamiliarity with recycling initiatives.
Besides, the construction sector has a conservative nature making it difficult to
introduce new methods.

How much and what kind of waste is generated?
Due to the discrepancies in the responses provided and lack of information, the value
of 100 kg generated waste per square meter constructed floor space was taken from
available literature and the questionnaire in order to have a picture of the magnitude
of the problem or the magnitude of the waste.
The most important waste categories are wood and soil, piping materials and roof
sheets rank third and fourth. Often, waste is mixed. Only 50% of the companies
indicate that they separate waste to some extent. The most used fractions for waste
separation are wood, metals and mixed waste.

What are the causes of construction waste generation?
The lack of governmental motivation and enforcement is a general cause. There are
no policies aimed at the reduction of the environmental pressure of the construction
sector. The two most important governmental activities at this point are the
environmental assessments done for Setena and the implementation of the recently
issued national waste management plan. Besides, the government does not have the
capacity to enforce the regulation effective enough. Additionally, financial measures
to influence the behaviour of the sector like taxes, increase in disposal fees, subsidies
and grants, support for research programmes and the establishment of useful pilot
projects are lacking. Finally, the responding firms consider bureaucracy and
inconsistencies between government agencies also barriers to act sustainable.

66

Results and Conclusions

At the company level, the most important cause for waste generation is unawareness.
This results in low interest in sustainable ways of construction and is thus a barrier to
decrease the environmental pressure. The respondents also indicated that a lack of
money to implement programs is a barrier. However, there is also unawareness of the
potential profitability of sustainable technologies. However, since the profits in the
sector are very high this will not be a very important incentive.
In addition, international and historical dependence play also a role. Many material
imports from U.S.A. are not compatible with the (mainly) metric system of Costa
Rica and colonial standard dimensions for wood are still used, leading to waste
generation.
Still 80% of the responding firms declare they dump their waste on a landfill, while
20% does not know where their waste is disposed of and another 15% of the
companies admit to dump their waste illegally. Upon asking if the companies were
aware of different environment related issues, more than 50% answered that they had
an average or low awareness.
The need for information and technological assistance is also an indicator for
environmental awareness. The fact that companies search for information or
technology related to sustainable construction shows that they are looking for a way
to reduce their environmental pressure, whether motivated by economical or
ecological reasons. From the results of the questionnaire follows that 50% of the firms
looked for information related to sustainable construction but mostly related to
environmental laws and norms. Companies searched to a lesser extent for information
about technologies to prevent and to control pollution.
Those who looked for information, scored slightly higher on overall environmental
performance. However, the direction of this causality is not clear. It is plausible that
those who are environmentally minded are more likely to search for information than
those who are not.
What is the environmental impact of waste generation?
The environmental influences of construction waste generation can be divided in two
broad sections. One, before the construction phase, due to excess use of raw material
and energy. Two, waste flows originating from activities at the construction site.

Related to the former, this research showed that wood and concrete production has an
important impact. Wood consumption exerts much pressure on forests while the
energy intensive concrete production is responsible for considerable carbon dioxide
emissions.
The impact of the waste generated by construction activities can be described as
follows. Because there is no sufficient enforcement of waste legislation, it is easy to
dispose of waste in inappropriate or even fragile areas. Often waste is mixed, and thus
it contains hazardous materials like paints, insulation material and plastics. These
materials can migrate into soil, air and water because of dumping, burning and the
significant tropical rainfall.

67

Results and Conclusions
However, the impact is not only due to pollutants. Waste dumping, however
controlled, takes a lot of valuable space, especially in the densely populated Central
Valley. In the rural areas, were tourism is a major source of income, in interesting
example of the adverse effects was found. The Parrita River was shallowed by
construction waste to such an extent that rafting tourists lost their interest.

How is the construction sector organized?
From a waste generating point of view the construction company is the core of the
sector. The majority of the Costa Rican construction companies are small and micro
companies with less than 10 employees. Many of the larger 'construction company'
are actually main contractors hiring sub-contractors to perform the construction. In
both cases, the people actually performing the construction process have a low level
of education. Because of the flexible hiring structure of the sector, it is not profitable
for a larger main contractor to invest in environmental education of their 'workforce'.
The remark above is illustrative for the financial motivation of the majority of the
construction sector. An incentive to consider the environment stems primarily from
Setena a governmental institution that assesses the construction plans of the
companies. However, once the plans have been approved the resources to control and
enforce the regulations are absent.
Universities who should act as information providing agents are considered not so
useful by the responding firms, as do many other institutions including the national
centre for cleaner production. The CNP+L, however, seems to be undervalued since a
construction company, which is cooperating with CNP+L, shows a considerable lead
on environmental performance compared with other companies.

In order to reduce the environmental pressure, the CFIA and the CCC could play a
very important role because of there extensive network, that allows them to influence
the sector both on governmental as well as on company level.

What products and processes are used to diminish the environmental pressure?
Most companies simply keep their best useable leftovers to use in other project, the
rest is rejected. Only few companies use recycling organizations to dispose of their
waste in a sustainable way. Most of the other applied methods that have a practical
nature such as the construction of ladders from waste wood to the use of paper bags to
protect the floor from paint drops.
The national cleaner production centre is developing other ways like the use of
cement trucks to decrease paper bag waste, the promotion of prefabricated elements
and the promotion of a virtual market place for waste materials called MERSI.

5.1
5.1.1

Recommendations
Related to reducing the pressure of the construction sector

The key words are information and motivation. Builders can improve their operations
through a better understanding of their total waste management cost. The most
significant portion of the total disposal cost is not related to tipping fees but rather the
costs associated with the material use and the handling and transport of waste
materials.
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The following incentives should be used to reduce the environmental pressure:
1. Reducing material wastage in construction, including through economic
incentives such as higher landfill fees
2. Increasing use of recycled waste as building materials not only reuse of
construction materials but others types of waste in building products. For
instance the use of the so-called 'ladrillos de basura' .1
After all, there are many benefits by integrating environmental issues into the
construction sector:
1. Financial saving due to the well material management
2. Reduced pressure on the environment by reducing the quantities of waste
being sent to disposal sites
3. Increased awareness among their own staff and of suppliers and subcontractors
4. Increased awareness among suppliers with respect to their role

5.1.2 Related to further research
It would be useful to indicate the success factors for sustainable construction. To do
so, more clusters or cooperations like the one described in the thesis should be
discovered and examined. The way Kesidou (2005) performed a stakeholder analysis
to investigate knowledge spillovers in the ICT sector might serve as a useful example.
Apart from that, more insight in the amount of different waste flows would be helpful
in promoting reducing or recycling options.
As data collection method, a face-to-face interview method should be used, instead of
on-line questionnaires, in order to increase the response rate. However, the influence
of social desirable answering should be kept in mind. Another possibility is to
organize a seminar/workshop and invite all the companies. During the seminar, an
introduction to sustainable practices can be given and afterwards the questionnaire
can be handed out.

1

'Ingenieros crean ladrillos de construcci6n con basura', La Nacion, may, 2007
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Environmental performances from questionnaire
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Actor long-list

Annex III.

The encountered actors in the construction actor-network are presented in the table below.
These were derived from the interviews, questionnaire and literature.
Table 7-1, Stakeholder long-list
Organisation
Government

Abbreviation Description

Ministerio del Ambiente y MINAE
En erg fa
Secretaria Tecnica
SETENA
Nacional Ambiental
Ministerio de Planificaci6n MIDEPLAN
Nacional y Polftica
Econ6mica
MinSalud
Ministerio de Salud
MIVAH
Ministry of Housing and
Human Settlements
INVU
National Institute for
Housing and Urban
Development
BANH VI
Housing Mortage Bank

Indirectly involved via Setena
National Environmental Technology administration .
Governmental organisation that approves construction
applications based on environmental criteria.
Ministry of spatial planning and economical politics

Ministry of Health, responsible for waste handling

All municipalities have their own landfill.

Municipalities

Private organisations
Camara Costariccense de CCC
la Construcci6n
Colegio Federado de
CFIA
lngenieros y Arquitectos

Colegio de lngenieros
Civiles
Camera de Industrias de
Costa Rica

CICR

Red de Reciclaje de Costa Redcicla
Rica
Ceprona
NG O's
CEGESTI

Professional/commercial association of construction
companies.
National Federation of Engineers and Architects.
Important lobby group with linkages to the government
and companies. They posses much knowledge and
power.
Sub-department of the 'Colegio Federado' specifically
for civil engineers.
The Costa Rican Construction Chamber organizes the
activities of the National Centre of Cleaner Production .
(CNP+L) and MERSI
Recycling initiative. Network of recycl ing firms
NGO, recycling promoting organisation
Small environmental minded organisations that act as
'watchdogs'.
Consultancy firm currently assisting the government
with a new national waste management plan.

Construction Companies
Fomento Urbano

Construction firm with high environmental standards.

Sub contractors
Edinsa

Sub contractor with high environmental standards

Research I Education
ITCR - Centro de
ITCR-CIPA
lnvestigaci6n en
Protecci6n Ambiental
ITCR - Centro de
ITCR - CIVCO
lnvestigacion de Vivienda
y Construccion
Centro de Producci6n mas CNP+L
Limpia
Universidad de Costa Rica UCR

National Institute of Technology, Centre for
Environmental Protection Research.
National Institute of Technology, Centre for Housing and
Construction Research.
National Centre for Cleaner Production.
The UCR university has experience in construction
waste research. Prof. Pujol has been involved in several
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Mercado de residues y
MERSI
subproductos industriales
Institute Nacional para
Aprendisaje
Landfills
Fodemipyme

INA

studies.
MERSI is a marketplace for waste materials, all supplies
and demands are published in a monthly magazine of
the CICR.
National Training Institute. INA provides vocational
training, education.

Banco Nacional funding for medium small and micro
enterprises in sustaina_~le developme_n_
t. ___.
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Invitation mail to companies

Estimados seiiores y senoras:
El Instituto Tecnol6gico de Costa Rica y la Universidad Tecnol6gica de Eindhoven (de
Rolanda) estan desarrollando una investigaci6n en el tema de construcci6n sostenible y
quisieramos solicitarle, de la manera mas atenta, nos colaboren analizando y completando
la herramienta de investigaci6n que se encuentra en esta direcci6n electr6nica,
http:/1201.192.107.230/encuestas. El tiempo aproximado para completarla es de treinta
minutos.
Le solicitamos que nos informen si ban recibido este mensaje y si deciden apoyarnos, el
nombre de la persona responsable de contestar la informaci6n requerida. Ademas es
nuestro interes compartir con ustedes los resultados de nuestro estudio, por lo que les
solicitamos nos indiquen si desean recibirlos. En caso de cualquier duda o consulta, no
duden de comunicarse con alguno de los investigadores.
Ademas, adjunto encontraran una carta de presentaci6n donde se exponen las ideas del
proyecto.
Agradecemos la atenci6n a la presente y los saludamos muy cordialmente.

Ana Grettel Leandro MSc.gleandro@itcr.ac.cr
Hijmen van Twillert BSc. htwillert@itcr.ac.cr
Lilliana Abarca MSc.labarca@casema.nl
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Reminder to the construction companies
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Los saludamos muy cordialmente.
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Hijmen van Twillert . htwillert@itcr.ac.cr
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Letter of the board

Lugar, fecha
Cuestionario
Estimado(a) sefior(a),
La Escuela de lngenierfa en Construcci6n del lnstituto Tecnol6gico de Costa Rica a traves de su
Centro
de
lnvestigaciones
en
Vivienda
y
Construcci6n,
CIVCO,
(www.itcr.ac.cr\escuelas\construccion) en conjunto con la Universidad Tecnol6gica de Eindhoven,
(www.tue.nl\tm) estamos realizando una investigaci6n con el fin de analizar diferentes aspectos
ambientales que afectan al sector de la construcci6n y de apoyar la busqueda de soluciones
conjuntas a los impactos que se generan.
Conocedores de su espfritu de colaboraci6n y de su gran preocupaci6n por desarrollar su labor en
este campo en forma etica y responsable, es que le solicitamos su colaboraci6n para completar el
cuestionario adjunto el cual contiene una serie de preguntas simples de selecci6n multiple. Queda
por demas recalcar que por medio de la informaci6n que nos suministre usted estara
contribuyendo al mejoramiento y protecci6n de nuestro valioso patrimonio ambiental.
Finalmente, le solicitamos hasta donde sea posible que la informaci6n sea llenada por un lngeniero
de la empresa dado que este profesional es el que esta al frente de las obras de construcci6n y
conoce ampliamente las circunstancias normales en las que se desarrollan los proyectos.
Quisieramos indicarle que le garantizamos estricta confidencialidad en la informaci6n, la cual sera
unicamente utilizada con prop6sitos meramente academicos.

Agradeciendo profundamente su colaboraci6n y poniendonos a la orden, nos despedimos

Ing. Hugo Navarro, Director
Escuela de lngenierfa en Construcci6n

Ing. Rolando Fournier Z., Coordinador,
Centro de lnvestigaciones en Vivienda y construcci6n
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Annex VII.

Questionnaire - English

General Information

1) Company information
Company name:

2) Size
Number of employees in 2006:
Number of projects in 2006:
Amount of m2 constructed in 2006:
Annual turnover in 2006 (Optional):

3) What is the highest level of education completed of the supervisor of your company
directly involved with construction site activities? In case of more than one maestro
de obra, fill the number of maestros with a certain level of education.

vocational education
bachelor de ree
None
Do not know
Some kind of (additional) training.
Specify

See next question

4) Main type of buildings constructed by your company (you can select more than on
option)

Residential
Commercial
Renovation works
Industrial
Public buildin s
Other, explain
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5) Which of the below stated waste materials are generated on the construction site?
(Multiple options possible)

Do not know
Pa er
Cardboard
Wire
Wood mixed with waste
Clean wood
Wood used as casin s
Plastics
Pi in materials
Pieces of corrugated roof
sheets
Blocks
Insulation foam
Soil
Contaminated soil (concrete
and debris
Concrete
Pieces of brick
Pieces of blocks
Pieces of reinforcement steel
Cement
Paints
Shoes, debris, aint cans
Other, specify

6) Do you monitor the amount of waste produced, and if so, which indicators do you
use? (Multiple possibilities)
~o,

go to question 7

~es, please specify the used indicator below
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Other ... please specify,

7) Can you give an estimation of the magnitude of the amount of the generated waste,
on an average building site ofyour company, for each of the below stated items
(question 6)? Use estimations based on the amount of kglm2. Or on the indicator you
prefer to use.

I 1do not know

I Go to next question

Total amount of waste
Pa er
Cardboard
Reinforcement steel
Wire
Wood mixed with waste
Clean wood
Wood used as casin s
Plastics
Pi in materials
Pieces of corrugated roof
sheets
Pieces of blocks
Insulation foam
Soil
Contaminated soil (concrete
and debris
Concrete
Pieces of brick
Blocks
Pieces of reinforcement steel
Cement leftovers
Paints
Shoes, debris, aint cans
Other, specify

8) Does your company have a waste management plan, management or someone in
charge of environmental topics for the construction sites?

82

Annexes
Plan

Manaaer/someone

Yes
No
Yes, depending on type of project. (Please explain)

9) Which of the following instruments/measures for environmental friendly
construction do you apply? Place a 'l' for the measure with the highest importance
and a '2' for the next most important measure until all measures you applied in the
last two years are ranked.

10) Which of the following aspects influencing waste generation are applicable in the
projects and to what extend?

Changes made to the design while
construction is in ro ress
Incompatible standard sizes available on
the market
Designers unfamiliarity with alternative
roducts
Complexity in the details of the construction
drawin s
Errors in contract document
Incomplete drawings at initiation of the
ro·ect

Accidents on the construction site
Damage to work done caused by
subse uent subcontractors
Use of incorrect material, thus requiring
re lacement
Required quantity unclear due to improper
lannin
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Delays in passing of information to the
contractor on types and sizes of products to
be used
Equipment malfunctioninq
Bad weather
Damaqes durina transportation
Inappropriate storage leading to damage or
deterioration
Materials supplied with inappropriate
packaging
Environmental unfriendly attitude of project
team and labourers.
Ordering errors (to much, to little)
Lack of possibilities to order small quantities
Purchased products that do not comply with
specification

ll)Did you adopt any environmental friendly technologies to decrease environmental
impact of construction in the last two years? If you have, please mark which one,
how and since when.

Material use

Reduction of chemical
substances

Reduction of
hazardous materials

Energy savings

Reduction or
prevention of solid
waste
Reduction or
prevention of dust

Efficient water use

Other, specify ...
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12) For how many of the projects executed in the last two years did you separate the
waste?
All the projects
Most of the projects
About half of the projects
Some of the projects
None of the projects
Do not know

13) Is the solid waste sorted at the construction site?

No
Yesi

Go to next questions
l Which classification is used? E.g. reinforced steel,
iron, paper, wood, reusable materials, recyclable
materials, non-recyclable materials, etc. Please
explain

14) Which of the below stated materials are currently reused on the construction sites of
your company and how?

Paper

Cardboard

Reinforcement steel
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Wire

Wood (mixed with waste)

Clean wood leftover

Wood used as casings

Plastics

Piping materials

Pieces of corrugated roof
sheets
Pieces of blocks

Insulation foam

Soil

Contaminated soil (concrete
and debris)
Excess concrete

Small pieces of brick

Pieces of blocks

Pieces of reinforcement steel

Cement

Paints

Shoes, debris, paint cans
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Other, specify

15) Which of the below stated materials are currently taken back from your construction
sites to be re-used another time in projects of your company or another company.

Reinforcement steel
Wire
Clean wood leftover
Wood used as casin s
Plastics
Pieces of tube
Pieces of corru ated roof sheet
Pieces of blocks
Isolation foam
Soil
Contaminated soil
Excess concrete
Small ieces of brick
Pieces of blocks
Pieces of reinforcement steel
Cement leftovers
Paints
Shoes, debris, aint cans
Other, specify

16)Do you know that there are different companies (look at www.ceprona.orgfor details)
willing to pay for reusable materials such as, cardboard, alumina, glas, etc.

---+ no
---+ yes
17) Where does the waste of your construction projects go? More than one option is
possible.

I I do not know where my waste goes
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Remains on site
Other, specify

18) Which aspects motivate your company to use environmental friendly products or
processes?

Customer's demand
Cost Reduction
Environmental Awareness
Suppliers (e.g. information or
assistance
Regulations and
environmental enforcement
Promoting the image of the
com an
Improve market share I
com etition
Following what the
com etence has done
Other, specify ...

19) To what extent do you think the following actions could contribute to the profitability
of your firm?

Savings on energy use
electricit , fossil fuel, etc.
Reduction of material loss
Reduction of e ui ment failures
Reduction of accidents
Additional prof its, as a result of
the resellin of sub roducts.
Diminishing the cost of
treatment and final disposal of
waste
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Diminishing of legal costs
associated with environmental
problems and insurance (fines,
compensations)
Diminishing the cost for
insurance and contributions to
the Social Security Svstem'
Reduction of risks
Minimisation of material
rejection
Others specify .. .

20)

Which grade of importance does the environment have for your organisation?

21) How important are the following barriers for the incorporation of environmental
friendly technologies in your projects? Place an Xfor each of the barriers in the
categories, knowledge, financial, technology, and governmenta~ that apply to your
situation.

Lack of programs
and studies of
sustainable
construction.
Lack of interest or
lacking company
culture
Lack of money (cost
of the ro rammes
Lack of time
Level of education
of em lo ees
Other, specify

Low demand for
sustainable
buildin s
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Emphasis on
investment cost, not
on low cost on long
term.
Low ener
rice
Price construction
does not reflect the
'environmental cost'
Lack of economic
instruments in
eneral
Resolving the lack
of houses has a
larger priority than
improving the
environment.
The priority is the
financial needs
Other, specify

Lack of availability
of appropriate
technolo ies
Lack of knowledge
of appropriate
technologies and
their
im lamentation
Designers work
alone I Lack of
integral approach in
the desi n recess.
The users of the
building do not
participate in the
planning and design
recess.
Assumption of high
costs of clean
construction
Other, specify
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Lack of available
information
regarding the
requirement of
environmental
norms.
Lack of
Governmental
support I Incentives
are not sufficient to
motivate
Inappropriate
environmental
norms
Inefficient
environmental
norms
Governmental
bureaucracy
Inconsistencies
between different
governmental
agencies (regions,
municipalities)
Other, specify

22) If you one of the following permissions and/or declarations for environmental
purposes were applicable to projects of your company in the last two years, please
indicate to what extend they resulted in decreasing environmental impact.

Environmental Impact
Assessment EIA
Studies on environmental
im acts EslA
Strategy for
environmental impact
EAE
Declaration of the
environmental impact
DIA
Environmental
Mana ement Plan
Environmental
Commitment Declaration
Other, specify
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23)

Answer the following questions.

Does the company accept contracts that require the implementation of an
environmental mana ement or environmental measures?
Does the company include evaluation criteria for subcontractors and
su liers?

24) Did you search for environmental information during the last two years?
No, I do not know any sources of
environmental information
No, I did not looked for
environmental information
Yes

--+

Go to question 26

-+Go to the next question

25) Which type of information did you look/or during the last two years. Place an X
after each type that you searched for.

Environmental laws
Environmental re ulation
Technologies to prevent contamination (clean
technolo ies

Environmental education
Others, specify

26) How well do you know the following elements in the construction sector? Place an X
for each of the actors.

Environmental Policy of
the Camara
Costarricense de la
Construcci6n
Clean Technology
A reements
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Environmental
Management Systems
Legislation about solid
waste
Legislation about water
use
ISO 14000

27) Which of the following sources of information did you used the last two years?
Which ones where useful and which were not?
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Universities or Research Institutions
Consultants
Camara Costarricense de la Construcci6n
Coleaio Federado de lnaenieros y Arauitectos
Clients
Ministry of Environment and Eneray
Ministry of Public Works and transport
Centro Nacional de Producci6n mas Limpia (Nacional
Centre of Clean Production)
Municipalities
Specialised journals, specify

: , .'i

,"t'iil
', '"tit

Governmental aQencies
Non Governmental OrQanisations
Others, specify

28) Did you receive technical assistance (See question 29 for examples) during the last
two years?
No, I do not know anything about
technoloaical assistance
No, I did not receive technological
assistance
Yes

-+Go to question 30 ...

-+Go to the next question

29) In which of the following fields did you receive technological assistance during the
last two years?

Environmental education
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Waste treatment
Others, specify

30) The company uses the same subcontractors for different projects ...
In all the projects
Between 50 to 75% of the projects
Between 25 to 50% of the projects
Less than 25% of the projects
I do not know

31)Are you or is your company involved in any other activity, business or organisation
related to the construction sector. (e.g. supplier, developer, union, education, etc.)

--+no
~es, please specify below

Name of organisation(s):

Role in organisation(s):

32) How do you consider the level of knowledge over, interest in and responsibility for
the use of environmental friendly construction of the following actors in the
construction sector?

Contractors
Su ervisors
Municipality
workers I
inspectors
overnment
Owners
Educational
institutions
Real estate
a ents
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Contractors
Su ervisors
Municipality
workers I
inspectors
overnment
Owners
Educational
institutions
Real estate
a ents

Contractors
Su ervisors
Municipality
workers I
inspectors
overnment
Owners
Educational
institutions
Real estate
a ents

33) Would like to receive a copy of the results of this survey
~o,

thanks

~es,

on the company address

~es,

on another address (write address below)

34) Are you interested in, and willing to cooperate with, CIVCO studies that create a
deeper insight in the amount an origin of waste generation (and revenue loss) on the
construction site?
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THANK YOU VERY MUCH FOR YOUR COLLABORATION
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Annex VIII.

Questionniare - Spanish

lnformaci6n General

1) lnformaci6n de la empresa
Nombre de la empresa:

2) Tamaiio
Cantidad de empleados en el 2006:
Cantidad de proyectos en el 2006:
2

Cantidad de m construidos en el 2006:
(opcional)
Volumen operacional (en US $) en el 2006 :

3) ;,Nivel educacional mas alto alcanzado por el maestro de obras o supervisor
directamente responsable en el sitio donde se desarrolla la construcci6n? En caso de
que tengan mas de uno, favor indicar los grados academicos de cada uno en el
cuadro y su respectivo nivel.

rimaria
T ercer aiio de educaci6n secundaria
Educaci6n secundaria
Educaci6n en cole io vocacional
Bachillerato universitario

No sabe
Algun tipo de entrenamiento adicional.
Especifique:

4) Tipo de proyectos de edificaci6n construidos por su empresa (puede marcar mas de
una opci6n)

Residencial
Comercial
Traba"os de renovaci6n
Industrial
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Edificios publicos
Otros, explicar

5) iQue tipo de materiales de los que se presentan en el cuadro son generados como
desechos en el sitio de construccion? (puede marcar mas de una opcion)

Madera mezclada con desechos
Des erdicios de madera lim ia
Madera utilizada como formaleta
Plastico
Piezas de tuberfa
Piezas de laminas corrugadas
Zinc hierro alvanizado
Material aislante
Tierra
Suelo contaminado (con cemento
concrete
Concreto
Piezas de ladrillos
Piezas de blo ues
Piezas de acero reforzado
Cementa
Pintura
Za ates, latas de intura
Otro, especifique

6) iControlan la cantidad de desechos producidos? (Puede marcar varias posibilida.des)
~no,
~si,

siga a la pregunta 7

escriba el indicador que utilizan

Coste total de disposici6n (e.g. costo en el botadero, costo de
trans orte
Volumen de desechos en m
Numero de camiones ara deshacerse del desecho
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Otro, por favor especifique,

7) Puede dar una estimacion de la cantidad promedio de desechos generados para cada
uno de los indicadores que se presentan en el cuadro? Use la estimacion basandose
en kg!m 2• 0 el indicador que usted prefiera utiliwr.

I No sabe

I Vaya a la siguiente pregunta

Cantidad total de desechos
Pa el
Carton
Acero reforzado
Cables
Madera mezclada con desechos
Madera lim ia
Madera usada como formaleta
Plasticos
Piezas de tuberia
Piezas de material corrugado
zinc hierro alvanizado
Material aislante
Tierra
Suelo contaminado
Exceso de concreto
Piezas de ladrillos
Piezas de acero reforzado
Desechos de cemento
Pintura
Za atos, tarros de intura
Otros, especifique

8)

Tiene la empresa un plan de manejo de desechos o un gerente o encargado de temas
ambientales para los sitios de construccion?
plan

gerente I
encarqado

Si
No
Si, depende del tipo de proyecto. (por favor explique)
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9) Cuales de los siguientes instrumentos/medidas para lograr una construccion
ambientalmente amigable aplican ustedes? Coloque un '1' para la medida de mayor
importancia, un '2' para la siguiente y as{ sucesivamente hasta completar las
medidas que han aplicado en los dos ultimos anos.

Tecnolo ias de control de la contaminaci6n/emisiones
Educaci6n ambiental
Sistema de evaluaci6n de im acto ambiental
ISO 14000

10) iCuales de los siguientes aspectos influyen en la generacion de desechos en los
proyectos y hasta que nivel?

Disenadores desconocen productos
alternatives
Complejidad de los detalles en los pianos de
construcci6n
Errores en el contrato
Pianos incom letos al iniciar el ro ecto

Dano en los elementos construidos debido a
un traba·o realizado or subcontratistas.
Uso incorrecto de materiales, lo cual requiere
de sustituci6n
Cantidades requeridas poco claras debido a
laneamiento ina ro iado
Tardanza en el traslado de la informaci6n al
contratista con respecto de los tipos y
tamanos de las iezas a ser utilizadas
Mal tiem o
Danos durante el trans orte
Almacenaje inapropiado provocando al
deterioro o dano del material
Materiales suministrados con empaques
ina ro iados
Actitud ambientalmente poco amigable por
arte del e ui ode traba·o.
Errores en la solicitud de materiales (mucho
material o oco
Compra de materiales que no cumplian con la
es ecificaci6n
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11) ;,Cuti.I proceso ha adopta.do para reducir el impacto ambiental en los proyectos de
construcci6n en los ultimos dos aiios? Si lo ha hecho, marque la que corresponde, e
indique c6mo y desde cuando.

Uso de materiales
Reducci6n de
sustancias qufmicas

Reducci6n de
materiales peligrosos

Ahorro de energfa

Reducci6n o prevenci6n
de desechos s61idos

Reducci6n o prevenci6n
de polvo

Uso eficiente de agua

Otros, especifique .. .

12) ;,Para cuantos de SUS proyectos ejecutados en los dos ultimos aiios ha separado los
desechos?
Todos los proyectos
La mavorfa de los orovectos
En la mitad de los orovectos
En alqunos de los orovectos
En ninquno de los proyectos
Nose

13)Separa usted los desechos?

No
Si

Pase a la siquiente orequnta
{,Cual tipo de clasificaci6n utiliza usted? Por ejemplo:
acero, hierro, papel, madera I materiales reusables,
materiales reciclables, materiales no-reusables I etc.
por favor, explicar?
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14) ;,Cual de los siguientes materiales son reusados por su empresa en el sitio de la
construccion y como?
_ _ _Tu'fu',.."•"'Tu'fu
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Papel

Carton

Acero reforzado

Alambre o cable electrico

Madera (mezclada con
desechos)
Desechos de madera limpia

Madera de formaleta

Plasticos

Piezas de tubo (PVC o EMT)

Piezas de material corrugado
(zinc)
(hierro aalvanizado)
Piezas de bloques

Material aislante

Tierra

Suelo contaminado

Exceso de concrete

Piezas pequeiias de ladrillo
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Piezas de hierro reforzado

Desecho de cemento

Pinturas

Zapatos, latas de pintura

Otros, especifique

15) c;Cual(es) de los siguientes materiales son llevados del sitio de construccion para ser
utilizados en otro momento en otro(s) proyectos de su empresa ode otra?

Paoel
Carton
Yeso
Acero reforzado
Alambre
Madera (mezclada con desechos)
Desechos de madera limoia
Madera de formaleta
Plasticos
Piezas de tubo (PVC o EMT)
Piezas de material corrugado (zinc)
(hierro galvanizado)
Material aislante
Tierra
Suelo contaminado
Exceso de concreto
Piezas pequenas de ladrillo
Piezas de bloques
Piezas de hierro reforzado
Desecho de cemento
Pinturas
Zapatos, latas de pintura
Otros, especifique

16) Sabe usted que existen empresas dispuestas a comprar materiales reusables, tal como
carton, vidrio, etc.
~

no
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~

si

17) ;,Donde dispone (bota) los desechos de la construccion? Puede marcar mas de una
opcion.

I Desconozco donde se botan
Relleno sanitario o botadero oficial

Permanecen en el sitio indefinidamente
Otro, especifique

18);, Que aspectos lo motivan para utilizar materiales o procesos mas amigables con el
ambiente? Indique su importancia.

Demanda de los clientes
Reducci6n de costos
Conciencia ambiental
Proveedores (e.g. informaci6n o
asistencia
Requerimientos normativos y
fiscalizaci6n ambiental
Promover la imagen publica de la
em resa
Expandir participaci6n en el
mercado.
Seguimiento de lo hecho por la
com etencia
Otro, especificar ...

19) ;,Que influencia, cree usted, que las siguientes acciones contribuyen a beneficios
economicos a su empresa?

Ahorro de energia (electricidad,
combustible, etc.
Reducci6n de perdidas de
materiales
Reducci6n de fallas en e ui os
Reducci6n de accidentes
Retorno adicional, debido a la
recuperaci6n y venta de
sub roductos
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Disminuci6n del costo de
tratamiento y/o disposici6n final
de los residuos
Disminuci6n de costos legales
asociados a problemas
ambientales y de seguridad
(multas, indemnizaciones)
Disminuci6n de costos por
seguros y de contribuciones a
riesqos del trabaio
Reducci6n de riesqos
Minimizaci6n de la taza de falla
v rechazo de los oroductos
Otro, especificar .. .

20)

1,Que grado de importancia tiene el tema ambiental para su empresa?

21) 1,Que grado de influencia han tenido las siguientes barreras para la incorporacion de
aspectos ambientales en sus proyectos? Marque con una x para cada una de las
barreras en las siguientes categorias: conocimiento, financieras, tecnologicas y
gubernamentales que se aplican a su situacion.

Falta de programas de
estudios en construcci6n
sustentable
Falta de interes o de cultura
ambiental dentro de su
or anizaci6n
Falta de dinero para
implementar programas
ambientales
Falta de tiem o
Otro. Especificar

Estructura de precio no
refle·a los costos ambientales
Falta de recursos
econ6micos en eneral
Resolver el deficit de
viviendas tiene prioridad
sobre romover la calidad
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Hay necesidades econ6micas
de ma or rioridad
Otro. Especificar

Falta de disponibilidad de
tecnolo fas a ro iadas
Falta de conocimiento de
tecnologfas apropiadas y su
im lementaci6n
Disenadores trabajan solos/
Falta enfoque integral en el
roceso de diseno
Los usuarios de edificios no
tienen participaci6n en el
proceso de planeamiento y
diseno
Percepci6n de alto costo de
soluciones de producci6n
lim ia
Otro. Especificar

Falta de informaci6n
disponible sobre los
requerimientos de la
normativa ambiental
Falta soporte
gubernamentales/incentivos
son insuficientes ara motivar
Normas ambientales
ina ro iadas
Normas ambientales
ineficientes
Burocracia ubernamental
lnconsistencia entre las
diferentes instancias
gubernamentales (estatales,
munici ales
Otro. Especificar

22) Si algunos de los permisos ylo declaraciones con propositos ambientales fueron
aplicados en los proyectos de la compaiiia. en los dos ultimos aiios, favor indicar cual
Jue el resultado en la disminucion del impacto ambiental.

Evaluaci6n de lmpacto
Ambiental IA
Estudio lmpacto Ambiental
EIA
Evaluaci6n Ambiental
Estrate ia EAE
Declaraci6n de lmpacto
Ambiental DIA
Plan de Gesti6n Ambiental
Declaraci6n Jurada de
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Comoromisos Ambientales
Otro, especificar

23)

Favor conteste las siguientes preguntas.

· Si no, tiene la intenci6n de solicitarla en el futuro cercano?
· Tiene una olftica ambiental documentada?
lHa aceptado contratos que requieren implementar una gerencia ambiental o
sistemas de rotecci6n ambiental?
llncluye aspectos ambientales en sus criterios de evaluaci6n de proyectos de
subcontratistas
roveedores?

24) Ha buscado informacion ambiental durante los ultimos dos anos?
No, no conozco fuentes de
informaci6n ambiental
No, no he buscado informaci6n
ambiental
Si

--+

Vaya a pregunta 26

---.Vava a la pr6xima prei:iunta

25) iQue tipo o tipos de informacion ha buscado durante los ultimos dos anos? Marque
con una X los tipos de informacion consultados

Normas ambientales
Tecnologfas para prevenir la contaminaci6n (tecnologfas
lim ias

Educaci6n ambiental
Otro, especificar

26) iCuanto conoce usted de los items que se presentan en el siguiente cuadro?. Marque
con una x donde corresponde.

Polftica Ambiental de la
Camara Costarricense de
la Construcci6n
Acuerdo de Producci6n
mas Lim ia
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Sistema de evaluaci6n de
imoacto ambiental
Legislaci6n sobre
desechos S61idos
Legislaci6n sobre uso del
agua
ISO 14000

27) ;,Cual o cuales de las siguientes fuentes de informacion ambiental ha utilizado
durante los ultimos dos anos? De estas cual Jue util y cual no lo Jue?

Consultores
Camara Costarricense de la Construcci6n
Cole io Federado de In enieros Ar uitectos
Clientes

Munici alidades
Revistas Especializadas, especificar

ubernamentales

28) ;,Ha recibido asistencia tecnica (ver pregunta 32 como ejemplo) durante los ultimos
dos anos? Marque con una X las opciones que correspondan
No, no se sobre asistencia tecnica
No, no he recibido asistencia tecnica
Si

-Naya a pregunta 30
-+Pase a la sii:iuiente orei:iunta

29) ;,En cual o cuales de las siguientes areas ha recibido asistencia tecnica durante los
ultimos dos anos? Marque con una X cuando corresponda?

Normativa ambiental
Prevenci6n de la contaminaci6n o producci6n
lim ia
Gesti6n Ambiental
Ahorro de ener fa en edificios
Tratamiento de desechos
Otro. Especificar
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30) La empresa trabaja con el (los) mismo(s) sub-contratista(s) para los diferentes
proyectos...

Menos del 25% de los
No lose

31) t:Esta usted o su empresa involucrada en otras actividades, negocios u
organizaciones relacionados con el sector de la construccion? (e.g. suplidor,
desarrollador, sindicato, educacion, etc.)
~no

~si,

por favor especifique

Nombre de la organizaci6n(es):

Posici6n en la organizaci6n(es):

32) t:Como considera usted el nivel de conocimiento sobre el interes y la responsabilidad
en un proceso de construccion ambientalmente mas amigable por parte de los
siguientes actores.?

Disenadores
Proveedores
Contratistas
Su ervisores
Trabajadores
municipales.
/inspectores
obierno
Desarrolladores
Duenos
Inst. educativas
Corredores de
bienes rafces

Disenadores
Proveedores
Contratistas
Su ervisores
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Trabajadores
municipales.
/inspectores
(gobierno)
Desarrolladores
Due nos
Inst. educativas
Corredores de
bienes rafces

Disenadores
Proveedores
Contratistas
Su ervisores
Trabajadores
municipales.
/inspectores
obierno
Desarrolladores
Due nos
Inst. educativas
Corredores de
bienes rafces

33) ;,Esta interesado(a) en recibir un resumen de los resultados de este estudio?
~no ,

gracias

~si ,

a la direcci6n de la empresa

~si,

favor enviar a la siguiente direcci6n (escriba abajo la direcci6n de su interes)

34) Esta usted interesado(a) en cooperar con los estudios del Centro de Investigaciones
en Viviendo y Construcci6n del ITCR en estos temas, y obtener mayor
conocimientos sobre el origen y las cantidades de desechos (y las ganancias que se
desperdician) en los sitios de construccion?

MUCHAS GRACIAS POR SU COLABORACl6N
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Annex IX.

Education

Costa Rican s stem
Prima
Second
Colegio
Universit
D utc hE'qmva
. 1ent
Basisschool MAYO

MBO
HAVONWO

HBO
Universiteit
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Annex X.

List of MSc. Theses in Technology and Development
Studies

M. Sc. Theses In Technology and Development Studies: 2004
04.01 Saskia Ruijsink: Urban upgrading needs in an informal settlement in Dar es
Salaam, Tanzania. An analysis based upon the interaction between urban space and
the people's livelihood strategy, the case of Keko Magurumbasi A.
04.02 Moniek Vulink: Technology Transfer in the Construction industry of Ghana. Human
resource
development through international collaboration between foreign and
local contractors in the
Greater Accra region.
04.03 Jaap Bosch: Improvement Possibilities for refugee Shelters; a case study in
Mtendeli Refugee
Camp, Northwest Tanzania.
04.04 Maarten van Oosterhout: Adoption and Diffusion of Natural Gas in the Small-scale
Rural Industry
of Bolivia. The cases of the Stucco Sector and the Chicha Sector in
Cochabamba.
04.05 Marieke Pluk: Economic growth and the environment in developing countries. The
case of cement consumption and related carbon dioxide emissions in the construction
industry in Chile.
04.06 Anja Kuijsters : Environmental response of the Chilean building Sector. Efforts and
constraints towards environmental building practices in the Santiago Metropolitan
Region.
04.07 Tom Siebeling: A Novel Approach to Innovation Processes in Community Driven
Projects: How an extended Learning Selection model explains the success of SEIDET,
an educational community development project in rural South Africa.
04.08 Matsen Jorritsma/Koen van Noorden: Sustainable implementation of wind pump
projects in TASAF supported villages. Preconditions and major policy guidelines for
Tanzania Social Action Fund.
04.09 Rudy Honings: The Improvement of Wheelchair Provision for People with a
disability in Northern Thailand. A study on constraints in assistive technology services.
04. 1O Jessica Curta: Renovation in developing countries. The development of a decision
support tool to stimulate renovation . A case study to characteristics, constraints and
solutions to renovation projects in Paramaribo. Surinam.
04.11 Marloes Reinink: Sustainable School Design Tool. Integrating sustainability into the
design and design process of primary and secondary schools in poverty-stricken areas
of South Africa.
04.12 Jouke Boersma: Analysis and Improvement of (Domestic) Liquid Waste Systems
and their Impacts in the Region of Sais City, Philippines.
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04.13 Wouter Houet: Facilitation of Social Housing Delivery in Urban South Africa.
Investigation into the role and power of local government regarding the formulation and
implementation of social housing policies in case studies Tshwane and Ekurhuleni.
04.14 Pieter Habets: Social Rental Housing in Costa Rica. The possibilities and
constraints for the adoption and implementation of social rental housing for low-tomiddle income groups, within the institutional framework of Costa Rica.

M. Sc. Theses In Technology and Development Studies: 2005
05.01 Mara Wijnker: Design of a methodology to determine ex-ante the sustainability of
rural electricity systems. Based on a case study in Oruro, Bolivia.
05.02Michele Koper: Decentral, Renewable Energy System in Rural Bolivia. Evaluation of
case studies and a framework for effective project design.
05.03 Irene Vloerbergh: Implementation & Diffusion of a Foreign Innovative Technology in
the Residential Construction Industry. Case study on the diffusion of the HBBsystem (Heysterum Bouw & Beheer) in the large scale low-income housing sector
on Java, Indonesia.
05.04Jeroen Matthijs: Access to spatial geographic information on mountainous areas.
Building Spatial Data Infrastructure in Tanzania.
05.06Diane van Herpen: Onbenut potentieel aan vastgoed in Paramaribo - Suriname.
Exploratief onderzoek naar onbenut potentieel aan vastgoed in Paramaribo in bezit
van in Nederland wonende eigenaren en ideeontwikkeling voor de inzet daarvan ten
behoeve van woningbouw en stadsherstel.
05.07Saskia Benda: Capacity Building in the Tanzanian Construction Industry. Identifying
conditions for foreign-domestic collaborations to lead to technology transfer.
05.08Herjan Siegers: Designing an Appropiate Drinking Water Facility: Iris, an island in
the Nile, Sudan.
05.09Joris de Groot: Technological trajectories and diffusion of photovoltaic technology.
South Africa.

M. Sc. Theses In Technology and Development Studies: 2006
06.01 Rik Luiten: Power Supply Performance: Tanzanian Manufacturing Sector Aim.
06.02 Janske van Eijck: Transition towards Jatropha Biofuels in Tanzania? An Analysis
with Strategic Niche Management.
06.03 Arend Driest: The role of entrepreneurs in the innovation process in Ghana's timber
exporting sector.
06.04 Martine Teeselink: The Vietnamese Software Industry: Export Success or Domestic
Streng ht?
06.05 Jeanet Eggengoor: Exploring the feasibility of minimizing the waste product. Fly
ash from the Indonesian Textile Industry by co-processing in the Indonesian
Cement Industry.
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M. Sc. Theses In Technology and Development Studies: 2007
07.01 Hans van Dijkhuizen: Overcoming bottlenecks with implementation of new
technologies. African aviation system.
07.02 Ina de Visser: Design and implementation of biomass energy systems in rural India.
07.03 Robert ten Hagen: Firm Performance in a changing policy environment. The case of
TAMECO knife factory. Tanzania.
07.04 Maarten Louwerse: Prospects for ICT service sector growth in the Indian state of
Kerala.
07.05 Edwin Vriens/Jan van Diesen : The implementation of an innovation for sustainable
economic development in rural areas. The case of solar fruit & vegetable drying in
rural Tanzania.
07.06 Raphael Dasselaar: Diffusion of innovation in disaster areas. The post tsunami
reconstruction effort in Aceh, Indonesia.
07.07 Miguel Alvares: Design of Assessment Method for Sustainable Micro-Hydro Projects
in Suriname.

If you would like to receive a copy of one of the above indicated M.Sc. theses,
please contact:

Department of Technology and Development Studies
Eindhoven University of Technology
M.Sc. research co-ordinator
Mrs Dr.Ir. E.L.C. Van Egmond
Pav. Q 1.04
PO Box 513
5600 MB Eindhoven
The Netherlands
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