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1.  INTRODUCTION 

The world’s population has been steeply climbing since the middle of the twentieth century. 

That increase has induced a surge in the construction industry’s activity so as to support the ever 

growing need for housing, roads, and all other types of basic living essentials. This surge was 

coupled with an increase in virgin raw materials consumption, and consequentially with the 

associated increase in the alienation of Construction and Demolition Waste (CDW). 

The raw materials used in construction will generally regenerate at a much slower pace than 

it is being consumed, and it also degrades at a much slower pace than the present rate of 

alienation (Graedel, 1996). This tendency has progressively lead to a depletion of resources at 

their natural source, and a stockpiling of construction and demolition waste at the other extremity 

of the material’s unidirectional life cycle route (Katz & Baum, 2011). Over time, these phenomena 

have resulted in an inescapable worldwide concern, and the need to transform the unidirectional 

flow of materials into a loop has, thus, gained increased importance and urgency. 

The overall goal of this dissertation is to develop a model/methodology that will contribute to 

close the flow of materials, from the production process of construction materials and products, 

into a loop. By aiding companies in finding solutions to incorporate waste from the production of 

certain materials into the production of construction materials, through the substitution of portions 

of virgin raw materials, those companies will see their dependency on virgin raw materials 

reduced, as well as their contribution to the overall increase in waste production by companies in 

the construction industry. 

The intended outcome is a group of sequential focus areas that must be studied in order to 

determine the viability of substituting a certain virgin raw material, in the manufacturing process 

of a construction material, with a waste product from the manufacturing process of a distinct 

material. These focus areas will be accompanied by a list of suggested study points that should 

be evaluated so as to validate the viability of the substitution. 

2.  RESEARCH METHODOLOGY 

The outcome of this work was to be a graphic model of sequential checkpoints that an 

individual from a company would be able to follow, to effectively and efficiently study the possibility 

of incorporating a waste material from a manufacturing process into the manufacturing process 

of a distinct construction material, thus partially substituting the needed virgin raw material. To 

reach this final model, an array of steps was taken. 

Research started with an extensive investigation of relevant literature. There was the need to 

first understand the concept of industrial symbiosis, its implications, and applications. Initially 

there were no specific restrictions on which literature to analyse, and all forms of industrial 

symbioses were studied. Progressively, there was a narrowing of the scope of study, namely 

regarding the construction industry which is the target audience for the model. The next steps 

were focused on gathering the necessary study points for the viability study of the substitution. 
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This collection of points was then grouped logically to form focus areas, which would become the 

backbone of the final model, and finally these were prioritized and organized sequentially. 

With the initial draft built, validation of the model was required. To accomplish this, a selection 

of relevant entities received a questionnaire, or an invitation to a meeting (either in person or 

virtually), where the different sections of the model were analysed and evaluated. From this 

evaluation process, a group of potential improvement points were identified. These were then 

implemented to create the final version of the model. 

3.  MODEL DEVELOPMENT 

3.1. INDUSTRIAL SYMBIOSIS 

As previously mentioned, this model is intended to aid companies in contributing to close the 

loop of a material’s life cycle by finding a way to get waste from the end of the line of a process 

flow, and introduce it as an input in a different process flow. In laymen terms, the model would 

guide the establishment of an Industrial Symbiosis (IS) in the construction industry. An IS is the 

physical exchange of materials, energy, water, and/or by-products between traditionally separate 

industries, in a collective approach to achieve competitive advantage (Chertow, 2000), with the 

main benefits being environmental, social, and economical (Marques & Gonçalves, 2012). In the 

construction industry, the physical exchange considered can be waste from the production 

processes of any company, to be used as alternative raw materials in the production of 

construction materials. In this case, the competitive advantage for the producer of the waste would 

be the emergence of an alternative destination and, for the consumer, it would primarily be the 

reduced cost of the waste comparatively to the original virgin raw materials. 

3.2. THREE FLUX MODEL 

It is possible to divide the different possible flows of waste to be exchanged into three groups, 

as can be seen in Figure 1. Being that the focus for this model is the manufacturing of construction 

materials, Figure 1 depicts the way in which waste (as raw materials) can become available to 

companies looking to incorporate them in their production processes. Type I fluxes represent 

waste generated during the manufacturing process of any given construction material. As long as 

that waste is not reintroduced into the production of the same material, it can be considered a 

possibility for IS. Type II fluxes are CDW that can be processed and treated to be reused, and 

type III fluxes represent all waste generated in the manufacturing of any material from industries 

different to the construction industry. Provided any waste is being produced as a result of a 

manufacturing process distinct to the one where it’ll be later incorporated into, any exchange can 

be allocated into one of these flows, and are considered a valid option. 

This model clarifies what can be considered as a possible IS in the context of this research 

work, and also serves as a reminder of the type of fluxes for which the model can contribute to. 

Partial substitutions in the manufacturing of construction materials can thus be originated from 

any of the depicted flows. 



3 

A focused study, based on publications from the national conference of innovation in 

sustainable construction (Congresso de inovação na construção sustentável – CINCOS, years 

2008 through 2014), was conducted regarding IS implementation attempts according to each of 

the fluxes. The outcome of that study was the discovery that, in that conference alone, 37 articles 

have been published that fit into one of the three fluxes, the majority targeting fluxes II and III. 

This shows that this industry is proactively moving towards the adoption of IS alternatives, so the 

existence of a model such as the one proposed in this Dissertation is needed and can be useful 

to streamline these studies. 

 

Figure 1: Three Flux model 

3.3. FUNDAMENTAL POINTS OF ANALYSIS AND FOCUS AREA GROUPING 

The application of this model was always intended to be horizontal throughout all types of 

construction materials. However, any viability study must include a basic group of points to 

exhaustively comprise the whole foundation of any successful attempt of an IS. The gathering of 

these points was where the model development began, initially through an extensive research of 

relevant literature to provide the basis on which the focus areas would later be developed. Those 

study points are summarised on Table 1, grouped in 6 categories. 

Table 1: Necessary factors and points of study 

Factor Study Point Factor Study Point 

Environmental 

Variation of impacts 

Regulative 

CDW management 

Geographic distance CDW classification 

Access to incentives CDW handling 

Logistics 

Quantities Waste transportation 

Frequency 

Corporative 

Strategic plan 

Demand variability Selection of partners 

Long-term supply Confidentiality  

Economic 

Improved sales National economy 

Avoided costs 
Technical 

Mechanical properties 

Added costs Contamination 

Transportation   

These were found to be the essential points that a company should study, given any IS they 

are attempting to implement. The assumption in the model is that specific studies for particular 
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cases are best decided by people directly involved in that manufacturing process. The basic 

points were initially grouped in factors with names that characterized them by type. However, for 

the model to make sense and be used, these study points needed to be reorganized and 

presented in an appropriately named, logical and sequential manner. A coherent sequence is 

essential to avoid unnecessary allocation of resources and investment, so Table 2 shows the 

regrouping of the study points in renamed focus areas, prioritized sequentially, and the reasoning 

used. The names given to the six focus areas are more expressive of the requirements they entail. 

Table 2: Prioritized focus areas and reasoning 

Priority Focus area Main reasoning 

1 Strategic objectives 
- A company’s objectives must be directed 

towards sustainable developments for the IS 
to have success; 

2 Performance properties 

- The performance of the final product cannot 
vary substantially with the incorporation of a 
recycled raw material. If the variation is too 
high, there is no need to pursue the study; 

3 Economic Viability 
- To determine economic viability, the 

percentage of substitution should be known 
from the previous point; 

4 Existence of a marketplace 
- Only if an IS is technically and economically 

viable, is the search for a marketplace 
necessary; 

5 Legal compliance 
- A list of possible suppliers is needed before 

legal compliance of all players is evaluated; 

6 
Environmental 
considerations 

- An exhaustive environmental study is only 
possible when the whole supply chain has 
been determined. 

During this stage of the model’s development, the focus areas were divided in two groups. 

The first group was made up of the performance properties, the economic viability, and the legal 

compliance areas. These were considered to be ‘Necessary conditions’ for the IS, and a positive 

result in these was considered to be crucial. The remaining three focus areas were considered 

the ‘Complementary conditions’, as they were considered important areas to study, but a positive 

outcome would not be determinant for the outcome of the viability study, as long as a positive 

outcome in the necessary conditions greatly outweighed the complementary ones.  This was 

thought to be particularly useful in the decision-making process throughout the evaluation of each 

focus area. If a company found a negative outcome in one of the necessary conditions, they would 

know that the study could not be implemented. However, if they found a negative outcome in a 

complementary condition, they would know that allocating further resources to study the next 

condition could possibly create a positive return. 

3.4. THE MODEL AND ITS VALIDATION PROCESS 

For aesthetic reasons, and to give the model a certain degree of intuitive understanding, a 

flowchart was developed to represent the focus areas, and the available options after completion 
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of the evaluation associated with each of these areas. The focus areas were represented as 

questions that translate their overall purpose in the study. 

To prove that it was robust, the flowchart needed to be validated. This validation process had 

to be performed by entities in the industry who had already worked directly or indirectly with IS. 

So to validate the model, three types of entities were approached: 

1. Entities whose work revolves around investigating possible IS, with little to no intention of 

actually implementing them. These entities focus on proving that substitutions of virgin 

raw materials with recycled waste are a possibility. Two of these entities were contacted 

– Instituto Superior Técnico (IST) and Faculdade de Ciências e Tecnologia (FCT); 

2. Entities whose work overlaps with the studies or the logistics required in the establishment 

of an IS. Two other entities were contacted – Centro Tecnológico da Cerâmica e do Vidro 

(CTCV) and Resíduos de Construção e Demolição (RCD); 

3. Entities who proactively search for IS solutions to their manufacturing processes. To 

cover this group of entities, four companies replied – Sival, Secil, Gres Panaria, and Saint-

Gobain Weber – from the seven contacted.  

The validation process with these entities was done in one of two ways. A meeting (either 

face-to-face or virtual) was conducted with representatives of the entities, where the model, its 

content and its sequencing, was analysed; or by means of a questionnaire, that was developed 

to be sent to representatives of the companies with whom it proved hard to set-up a meeting. 

There were three main objectives in the validation process, each targeted at validating a 

different aspect of the model. The objectives were to: 

 Analyse the concept of necessary and complementary conditions; 

 Verify whether the focus areas were the most relevant; 

 Verify how adequate the initial sequence was. 

Both the questionnaire and the meetings were conducted in a way that covered these 

objectives. 

4.  VALIDATION PROCESS AND RESULTS 

The collection of input from the various entities spanned two months. Three meetings were 

held at IST, three happened at the corresponding location, one of which with a subsequence 

online follow-up, one online meeting, and one totally email-based collaboration. 

Each of the groups of entities provided distinct input for the validation process. The majority 

of the model was determined to be complete and accurate, and four improvement points were 

identified and later implemented to create the iterated model. 

4.1. NECESSARY MODIFICATIONS TO THE MODEL 

From the initial version of the model that was presented to the companies in the meeting or 

with the questionnaire, the need for the following four improvement points was identified: 
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 Strategic objectives as a requisite – in this case, the interpretation of the focus area is 

different from the rest, in the sense that it is a required reality. Before any incursion into 

the study of a possible IS implementation, the company must be consciously directed 

towards sustainable practices, and must be prepared to take on all costs; 

 Promotion of marketplace analysis to necessary condition – for any IS to be viable, it is 

imperative that there is a sufficient supply of the needed waste; 

 Anticipation of an economic viability study – which became the second focus area, after 

the analysis of the strategic objectives, and before the study of the properties of 

performance; 

 Expansion of the marketplace analysis focus area – it is also necessary to consider the 

demand for products that have waste products in their composition, especially when the 

material becomes visually altered with that incorporation. 

4.2. FINAL VERSION OF THE MODEL 

Figure 2 shows the final version of the flowchart, with the previously mentioned improvement 

points implemented. Each block represents the analysis that should be carried out, and each is 

followed by a decision block that indicates the path a user should follow based on each outcome. 

The analysis of the performance properties, the economic viability, and the environmental 

impacts are straightforward and understandable from the observation of the global flowchart. If 

each of those studies produce a positive outcome, the study can progress to the analysis of the 

next focus area. Otherwise, the study should stop. For the remaining focus areas, specific 

flowcharts were developed to create a simplification and systematization of the necessary points 

of analysis. A subliminal goal of this model was to make each decision as elementary as possible, 

so the breakdowns represented in these following flowcharts are meant to remove as much of the 

complexity in the interpretation of the global flowchart as possible. 

As Figure 3 shows, a company must first question whether there is a risk of confidential 

information becoming public knowledge. If there is, the study should stop. Otherwise, the study 

should progress to the questioning of the company’s availability to accept all the challenges 

associated with the research and possible implementation of an IS. If it is not prepared to do so, 

the study should stop. Otherwise, the study should progress to the final step which consists of an 

analysis of the existence of any potential benefit for the company with the eventual incursion into 

an IS. 

 

 

 

 

 



7 

 

Figure 2: Flowchart of the model 

To determine the existence of a marketplace for the supply of waste and for the demand of a 

final product, a company must first determine the quantities it will need, and the frequency at 

which it will need to receive the waste. This is a pre-requisite step for this point in the analysis, 

thus it is represented as a loop at the beginning of Figure 4. The study then progresses to the 

specific search for companies capable of supplying the required waste materials to be 

incorporated in the manufacturing of construction materials. When several companies have been 

found, their financial security should be analysed to determine the probability that they will be 

capable of serving as long-term suppliers. Guarding against the possibility of a breach in supply 

is the main reason why multiple suppliers should be found at this point of the study. Finally, the 

existence of demand for the product with a percentage of waste in its composition should be 

researched. In this study, multiple sources of demand should also be found for analogous reasons 

as for the supply previously mentioned. 
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Figure 3: Flowchart for the analysis of a company’s orientation towards sustainable activities 

 

Figure 4: Flowchart for the analysis of marketplace existence 

The final additional flowchart is shown in Figure 5 and represents the necessity to study the 

legal compliance of all parties in the IS. The material being exchanged must be considered a 

‘waste’ material and not a ‘sub product’ or any other possibility, as the latter has separate rules 
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which are not covered in this model. Entities involved in the handling and treatment of the waste 

materials should be licenced by the appropriate entities (APA - Agência Portuguesa do Ambiente, 

in the case of Portugal), and this must be checked as shown in Figure 5. If any of those entities 

are not licenced, the possibility of becoming licenced should be researched. A similar procedure 

should be carried out for the shipping companies in charge of the transportation of the waste 

materials. These companies should be authorised to do so. If any of these verifications result in 

a negative result, the study should stop. Otherwise, the study can continue. This focus area is 

based on Portuguese legislation, and should be adapted to local law if used in another country. 

With these improvement points implemented, the model was considered to be properly and 

sufficiently validated, and ready to be used. 

 

Figure 5: Flowchart for the analysis of legal compliance 

5. CONCLUSIONS 

The goal of this work was reached, and a decision model was presented with a group of 

validated and sequential focus areas, supported by coherent study points. This model was 

developed to be broadly used in the construction industry, so its structure incentivizes users to 

proactively complement the suggested points with other relevant extra and necessary studies. An 

exhaustive and comprehensive model would unavoidably add complexity, rendering the model 

unusable. 

The model was validated by a representative group of companies from the coatings and 

claddings industry in the country. They were consistent in their analysis of its design and with 

their suggestions of potential improvement points. Thus, it is with confidence that the final model 

is presented to be used, especially by companies who have recently embarked on a mission to 

implement sustainable procedures and activities. 
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Even with a valid model, some points are worthy of note. The influence of socioeconomic 

factors in a country’s inclination to develop sustainable activities is greater than was initially 

thought. Where in some countries these activities are well established, in others there are many 

barriers, and mass adoption of these activities are less likely. One of the main barriers identified 

in Portugal is the lack of top-down governmental initiatives supporting the adoption of 

environmentally friendly activities. There had been great proactivity from companies to search out 

possibilities, but these quests had more often than not failed. This could change with the creation 

of subsidies or incentives, on one hand, or with the taxation and/or regulation of certain end-of-

life activities for CDW, on the other. 

Another factor for the lack of mass implementation of IS is the current price of virgin raw 

materials for the construction industry in Portugal. The economic viability focus area was 

considered by the companies who validated the model as being one of, if not the most, important 

focus area, and the fact that these raw materials are accessible at low prices makes recycled 

waste materials unattractive as their price is generally on par, or in some situations higher, 

because of the associated handling and treatment costs. 

Even though the model is presented as a sequence of steps, a practical implementation 

should carry out parallel studies during some instances to efficiently allocate available resources. 

The model recommends studies to be started in the order presented, but a company may choose 

to start studying the following focus area shortly thereafter. 

National companies are already investing in these environmentally friendly practices and, with 

time, more will join. The development of a nation-wide database of all available waste materials 

will become an important contribution that will aid in the establishment of further IS. Given the low 

prices of virgin raw materials it would also be useful to have a study focused on the transportation 

costs for different types of waste materials, for various distances and modes of transport. This will 

aid companies considering sourcing a resource from different distances throughout the country. 

The business of IS is set to keep growing over the next decades, but a lot of effort must be 

made by both companies and government entities to create a prosperous reality. 
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