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1. Introduction 

 

According to the Symonds Report, delivered to the European Commission in 1999, selective demolition (SD) 

is the separation of different materials constituting a building prior to the demolition of its main structure. 

 

The materials are separated according to their characteristics, safely and efficiently, reducing the amount of 

dust, noise and vibration to a minimum. SD further assumes the on-site implementation of selective collection systems 

with a view to maximising their utilisation. 

 

The aim is therefore to keep the value of the materials found in built heritage by using techniques that allow 

them to be re-used or recycled most efficiently. SD undertaken with the aim of re-using the materials is a technique that 

really has the potential to cut the amount of raw materials consumed, the emission of harmful gases, the production of 

waste and the energy consumed by the Construction industry. 

 

This concept of demolition has emerged against a backdrop of the thorough analysis of how construction and 

demolition waste (CDW) is managed and of its economic and environmental impact. The European Demolition Agency 

has in fact predicted that more and more demolition waste will be produced in Western Europe. The predicted increase 

from today's 300 Mt/year to around 700 Mt in 2020 (Gomes, 2000). 

 

This is why SD is beginning to emerge as an alternative to traditional demolition, and this is happening to 

some extent all over the world. The techniques and tools for dismantling structures are under development, and research 

is ongoing in a number of institutions to establish the bases for this method of demolition (“Deconstruction and 

materials Reuse – An International Overview”, 2005). 

 

 

2. The State-of-the-art of selective demolition in Portugal 

 

In Portugal, as in most developed countries, there is a trend towards urban renovation. This movement is 

driven by several motives, including the high cost of land and population density in urban centres, as well as changes in 

the technical requirements for buildings. These circumstances have led to an increase in the number of demolitions and, 

therefore, to a rise in the production of construction waste, and, more especially, of demolition waste. 

 

This scenario of growth in the demolition business is seen in the number of demolitions licensed by local 

authorities and in the value structure of demolition works in the past few years. The left part of Figure 1 shows the 

number of licences granted by Municipal Councils for this kind of work. This figure illustrates the declining trend in the 

new buildings sector, which is giving way to sectors that intervene in buildings. On such sector is demolition. 

 

Another indicator of this growth is the worth of the work undertaken by firms employing 20 or more people, in 

the construction industry. In demolition, this figure is substantially lower than the main sectors of this industry. 

Nonetheless, the demolition is the sector that has shown the best rate of growth in terms of work carried out between 

1990 and 2004 (Figure 1, right). Given all this, it is important to adopt the concept of SD so as to control the increase in 

production of demolition waste (DW). 
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Figure 1 Left: the number of licences granted by Municipal Councils by type of works, between 1994 and 2005. 

Right: growth rate of value of work carried out by firms with 20 or more employees, by type of works, between 

1990 and 2004 (Source: Portuguese Statistics Institute – INE) 

Note: The data in the left-hand part are underestimated because they do not include information on Lisbon and 

Sintra municipalities in 2003 and 2005. 
 

The present system in Portugal is still to demolish buildings without separating materials. This method 

generally uses heavy plant and generates a huge amount of mixed DW, with various characteristics and destined for the 

dump. Even for works too small for heavy machinery to be used, and where the work is lighter, demolition produces a 

great mixture of materials which extend beyond those that form part of the buildings. 

 

But SD works are starting to be used more often in Portugal. Indeed, every year SD jobs of a greater or lesser 

size and complexity are carried out in most parts of the country, to some extent. Even so, SD still tends to be associated 

with the concept of controlled demolition, which aims to control noise, dust and vibration, the scattering of debris and 

the contamination of the environment with hazardous substances. 

 

In practice, these are the main reasons why SD is carried out in Portugal, not through the deep environmental 

concerns of the producers of DW. This being so, SD is used in dangerous situations or where there is risk of 

contaminating the environment with harmful substances. SD tends to be used in situations with a high public profile 

and/or for large buildings, and where there may be a threat of damage occurring to either people or property. 

 

In this context, mention must be made of the dismantling, demolition and environmental recovery of Aldeia da 

Luz (Figure 2), an extremely complicated undertaking, unique in Portugal. This project required a truly comprehensive 

multidisciplinary effort, involving fields ranging from biology and the environment to sociology and heritage. 
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Figure 2 Stages in the dismantling and demolition of Aldeia da Luz: view across the village before dismantling and 

demolition, the progress of the works and the intervention area once demolition was finished (Source: Ambisider) 
 

Firms that want to carry out selective demolition generally find they have a problem in that competition is not 

equal in relation to the others, when there is no prior agreement in terms of using SD. Even among the firms that 

practice SD, each one's degree of selectivity affects their competitive capacity in that the company with the highest 

selection standards will have the highest costs, despite having the best environmental performance, and so will lose the 

contract being competed for. 

 

 

3. Selective demolition technology and methodology 

 

SD, then, is the separation of materials recovered during demolition according to their characteristics, with a 

view to maximising their value. SD must also be a safe and efficient action, where there is concern to cut the amount of 

dust, noise and vibration to a minimum (Costa, 2006). 

 

SD thus implies not only the use of large heavy plant, but also much more use of precision dismantling and 

manual removal of materials.  

 

So there is not just one model of SD. Indeed, this demolition method accommodates various models and levels 

of intensity, depending on the goals defined and the context in which it is implemented. The ideal model will be one 

that is developed so as to balance the demands of the environment and the possibilities offered by the economic and 

technological context (“Manual de desconstrucció”, 1995). 

 

For this it is essential to prepare a demolition plan, contrary to what happens in traditional demolition. Even 

though producing this document means extra expenditure in time and money, it is possible that this cost increase will be 

offset by savings in demolition costs and from disposing of the waste in accordance with the plan (Ruivo and Veiga, 

2004). 
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But since the motivation for utilising the DW may not be clear to the demolition contractor, the plan must not 

confine itself to directing how the demolition should be undertaken: it must also lay down criteria to facilitate the job of 

recovering the waste and ensuring the maximum re-use or recycling of the DW (Dolan et al., 1999). 

 

Implementing SD should entail three separate stages: the preliminary work, demolition, and subsequent work. 

Demolition then has two stages: the dismantling of the cladding materials of the building, followed by the demolition of 

the main structural body (“Manual de desconstrucció”, 1995). Here, SD generally employs two techniques, which are 

manual demolition while the building is in the dismantling stage, and some other technique to destroy the structure. 

 

Manual demolition consists of systematically removing the materials from a structure by hand (Brito, 1999). 

But even though it is a basic part of SD's environmental added value, this technique involves a lot of hard physical 

work, and is very labour intensive. 

 

Any recognised technique can be used in the structural demolition stage. But whatever technique is chosen, the 

criterion of maximising the potential to re-use and recycle material must be observed (Dolan et al., 1999). The technical 

choice of demolition must also consider the optimisation of the relation between costs, efficiency and environmental 

performance. 

 

Demolition techniques that make use of pulverisers and jaw crushers are most popular with Portuguese SD 

firms (Figure 3). 

 

  

Figure 3 Left, demolition of the Alfa cinema building in Lisbon. Right, demolition of the José de Alvalade 

stadium, also in Lisbon (Source: Ambisider) 

 

The way DW is treated during and after demolition has a significant impact on its potential for re-use and 

recycling (Dolan et al., 1999), and the quality of the recycled materials depends on the demolition methods used (Costa, 

2006). 

 

The aim of SD is, as mentioned, to maximise the potential for re-use and recycling of DW. And so the 

demolition plan must include a scheme for the management of this waste in situ, and for its collection and 

transportation.  When preparing this plan, care must be taken to characterise the materials used in the building as this is 

clearly important to the presuppositions underlying the DW classification adopted. 
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The DW may include waste with the following codes from the European Waste Catalogue: 08 (wastes from the 

manufacture, formulation, supply and use of coatings sealants and printing inks); 13 (used oils); 14 (waste organic 

solvents); 15 (waste packaging, absorbents, wiping cloths, filter materials); 16 (wastes not otherwise specified – 

discarded equipment), and 17 (CDW). 

 

The nature of these wastes depends on the kind of structure that is to be demolished, when it was built – which 

dictates the techniques and materials employed – and the method by which it is to be demolished (Brito, 2006). 

 

According to the INE, in 2000 and 2001 86% of housing in Portugal was post 1945. So it would be safe to 

predict that the sub-products of reinforced concrete as an operating system will tend to be the base of the wastes yielded 

by demolishing apartment blocks (Table 1). Since most of the buildings demolished in Portugal are homes and 

apartment blocks, the DW produced is based on the products of their demolition. 

 

Table 1 Characterisation of construction of buildings in Portugal (Source: Lobbe) 

Year Era Constructive System Byproducts 

Before 1755 Pre-earthquake Ashlar masonry Ashlar masonry, wood, ceramics, 

metals, sand 

1755 to 3rd quarter of  19th 

century Pombaline Ashlar masonry, mortar 
Ashlar masonry, lime-based mortars, 

sand, ceramics, wood, glass, metals, 

textiles, glazed tiles 
3rd quarter of 19th century 

up to 1930 “Gaioleiro” Ashlar masonry Ashlar masonry, sand, ceramics, wood, 

metals 

1930 up to present day Present Reinforced concrete 
Ashlar masonry, bricks, wood, 

concrete, glass, metals, textiles, glazed 

tiles, paper and cardboard 
 

Once the wastes that will be produced have been identified, the level of separation has to be established. This 

parameter consists of the number and kind of different separated fractions of wastes most appropriated to the situation 

being studied. The degree of waste separation is basically a function of the valorisation of each kind of waste, of its 

volume and the area available on the work site for its storage. 

 

But whatever the scenario, an effort must first be made to try and re-use or recycle materials rather than simply 

dispose of them. The disposal of waste is left for materials that cannot be re-used or recycled, or those that are damaged 

or contaminated to the point of having no value. 

 

In addition, care must be taken with the treatment of hazardous materials. In fact, the rules for managing 

commercial and industrial wastes require hazardous waste to be treated and collected separately from non-hazardous 

wastes (“WAMBUCO” Project - Vol.III, 2002). 

 

Since the costs of dealing with wastes are a significant part of the estimate for SD, cost optimisation of the 

demolition must obviously guarantee effective selective collection. So the responsibilities for this must be clearly 

assigned. There must be at least one person continuously working on the project to see that the optimised management 

of wastes is achieved. 
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At the end of the project, the same person must prepare a final report containing, at least, a record of all the 

documentary proof required for treating wastes and a balance sheet of the wastes from the works. This balance sheet 

will show the percentage of mixed wastes, amounts recycled and a balance of the costs of collection and treatment, 

including any profits made (“WAMBUCO” Project - Vol.III, 2002). 

 

 

4. Policy, legislation and norms related to selective demolition 

 

As already mentioned, SD can be an extremely useful tool in the efficient management of CDW, especially 

with respect to avoiding having to send waste materials to a landfill. 

 

In fact, the prevention of dumping and the recycling of wastes is the topic of one of the seven strategies of the 

6
th

 Community Environment Action Programme. This programme is the latest basis for European policies on 

environmental issues. Using SD can also help to comply with the strategy on the sustainable use of raw materials, which 

is also a part of this action programme. 

 

It is therefore of interest for any country to encourage programmes in support of SD, within their CDW 

management strategies. In Portugal this has not yet happened, contrary to the situation in other countries, like Germany 

and Spain. 

 

In these countries, the use of voluntary agreements between the public and private sectors to promote SD has 

proved to be an effective way of bringing the practices of the construction industry closer to meeting governments' 

goals for the environment. SD is an effective tool in those countries for recycling DW. But it is also a basic instrument 

for the prevention of waste and the conservation of natural resources that could be similarly employed in Portugal. 

 

When it comes to legislation, European regulations relate solely to wastes and their management. There is, in 

fact, no law dealing specifically with demolition, or, more particularly, with SD. On the domestic front, it may be said 

that, on the whole, the law on waste is the result of transposing European directives into the Portuguese system. Thus 

there is no specific legislation on SD. 

 

In Portugal, the regulations on wastes fall under the recent General Regime of Wastes Management (RGGR), 

approved by Decree-Law no. 178/2006, of 5 September. This law sets out the principles to be followed by waste 

management practices, including for CDW. 

 

The RGGR in particular establishes that “the producers of wastes must separate the wastes at source so as to 

promote their valorisation by type and sector". This article evidently also applies to CDW. So the RGGR indirectly 

compels demolition contractors to use SD. 

 

But the building sector is very specific and the current law is not enough to provide the resources to ensure that 

CDW is always correctly separated and managed.   So the sector emerging from the management of CDW is arguing for 

specific public policy for handling the flow of wastes (Mimoso, 2007).  
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Although not yet approved, there is a draft Decree-Law in the pipeline, prepared by the Institute for Wastes 

(INR) to establish the regime that will govern the management of CDW. The approval of this law could be crucial to 

implementing such a policy, since it envisages mechanisms that correspond to the measures demanded by the sector. 

 

This Decree-Law also establishes that the INR will produce a National Plan for the Prevention and 

Management of CDW (PNPGRCD). The plan should define measures for the re-use of materials, for the incorporation 

of CDW in various applications in the works, for recycling and other kinds of utilisation of these wastes. In relation to 

SD, its inclusion in the PNPGRCD is such that it fits with domestic and Community environment policies. 

 

 

5. Analysis of the economic feasibility of selective demolition in relation to traditional demolition 

 

SD is acknowledged to be slower, more complicated and therefore more expensive than traditional demolition 

(TD). But, besides the demolition technique chosen, the actual cost of the demolition of a particular building also 

depends on factors such as transport costs and charges for dumping DW, and the advantages of valorising them 

(Lassandro, 2003). 

 

The budget for a demolition, or its industrial cost, consists of charges for the work site, direct and indirect 

labour costs, and the cost of the equipment used for demolition, transportation and the dumping of the DW. Depending 

on whether SD or TD is method used for a construction, these factors will be costed differently. So the economic 

feasibility of SD compared with TD depends on the final value of the combined costs ascribed to the different factors. 

Table 2 shows the average relation between these figures, for each method. 

 

As the table shows, the costs of the TD method are lower than those for SD, except for dumping costs. 

Dumping costs are not easy to find an average relation for, because landfill charges or retrieval for recycling vary 

considerably according to the destination and nature of the wastes. 

 

Table 2 Average relation of the charges for each industrial cost factor for selective and tradition demolition 

(Source: Ambisider) 

 Selective demolition Traditional demolition 
Work site 1 0.7 

Direct labour 1 ≈ 0 
Indirect labour 1 0.7 

Equipment 1 1 

Transport 1 0.9 

Dumping 1 highly variable relation 
 

According to the figures it has been possible to find, with the exception of ferrous and non-ferrous metals, 

especially steel, it is rare to earn anything from selling the materials yielded by demolition, especially if they have no 

heritage or architectural value. Yet scrap can be utilised in SD and in TD. 

 

So the separation of materials will only be advantageous from an economic point of view if, on average, the 

costs of dumping clean types are substantially less than the costs of dumping non-separated DW. The economic 
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feasibility of SD compared with TD occurs if the benefits of this method outweigh the difference of demolition costs of 

the two methods. 

 

So a sensitivity analysis was conducted to try and determine the influence of the demolition and transport and 

disposal costs of wastes on such economic feasibility. This analysis used 50% variations in the average value of three 

parameters. The parameters chosen were: demolition cost; transport cost, and dumping charges for non-separated DW, 

for SD and TD. 

 

The dumping charge for mixed CDW was chosen instead of the average dumping costs, since this is the sort of 

waste that is avoided in SD, after hazardous waste. Furthermore, this is a compensatory charge over which the 

authorities can exercise an influence. 

 

The value of the parameters was calculated based on average market values. It should be noted that one of the 

figures used in the average demolition cost for SD was arrived at by analysing a series of 10 estimates for demolitions 

carried out by Ambisider. The estimates relate to similar reinforced concrete or mixed reinforced concrete and ashlar 

masonry buildings, used for housing or services. 

 

Statistical treatment of the data permitted an average distribution of the weighting of each partial cost in the 

average unit cost of demolition, for SD (Figure 4). 

 

As was expected at the outset, the most significant charges for the demolition cost are due to equipment and 

direct labour. Even though the charges for equipment are very significant in most of the estimates, this study confirms 

that, for SD, the direct labour charges are almost as important. 

 

5%

30%

23%

42% Work site
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Figure 4 Breakdown of average demolition unit cost for SD  

 

Figure 5 shows the share of each partial cost in the total value of the average unit industrial cost. The average 

unit cost of demolition represents 52% and the average unit cost of transporting/disposing of wastes accounts for the 

other 48%. 
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Figure 5 Breakdown of industrial demolition cost for SD  

 

According to the data collected in the estimates, most of the demolition cost on the transport and disposal of 

wastes is fairly weak, with the costs sometimes weighing on the side of transportation. 

 

Furthermore, any of the partial costs of transporting/disposing of wastes is more important in the industrial 

demolition cost than each partial demolition cost. These two conclusions explain the importance of the issue of 

management of wastes in SD. 

 

With respect to the average cost of dumping, there were two distinct situations. According to evidence from an 

Ambisider engineer, Brito Cardoso, the main problem with competing with TD contractors is that they dump the debris 

they produce in places other than the landfills licensed for CDW. These places may include, for instance, non-licensed 

landfills where the debris is used as filling material. In this case the charges are either non-existent or just symbolic. 

 

Carmen Lima, an engineer from Lobbe, made the same point. She said that companies which collect and 

transport wastes also have problems in competing with other firms which have really low charges. These prices, which 

should cover the cost of disposing of wastes, seem to be very low for rates charged by licensed landfills. So these 

companies also have to resort to alternative dumping sites. And there is always the possibility that fly-tipping occurs. 

 

Paulo Rodrigues, an engineer from Lipor, said that illegal dumping of CDW is a serious problem in the Porto 

area. Fly-tipping is widespread and new piles of debris are found on unsupervised sites every day. But this does not 

happen only around Porto. It is a national scourge. 

 

Therefore two scenarios are considered for the cost of getting rid of CDW, for TD. The first concerns the cost 

of disposal corresponding to the average charge in licensed landfills contacted in the Lisbon region. The other considers 

the bob-regulated disposal of wastes. For this, it is assumed that the rate of disposing of non-separated CDW is €5 per 

tonne. This figure seems to be the typical rate for unlicensed sites that take this kind of waste, which do in fact require a 

fee. 
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Table 3 shows the average figures for demolition cost, transport cost and regulated dumping for SD and TD, 

and the cost of non-regulated disposal for TD. 

 

Table 3 Average values for the parameters used for the sensitivity analysis 

Partial unit costs Traditional demolition Selective demolition 
Demolition cost (€/m3 concrete) 24 48 

Transport cost (€/m3 concrete) 16 17 

Dumping cost (€/m3 concrete) 
Regulated disposal 57 15 

Non-regulated disposal <12   

 

Once the average values for the chosen parameters were defined, the sensitivity analysis was run. Table 4 

shows a tree of values for the industrial cost and the unit average demolition for the various combinations of the 

parameters used. 

 

The resulting combinations are identified by the combination of their identification numbers.  So each figure 

for the industrial cost of demolition obtained corresponds to a code composed of the identification numbers of the 

partial values. 

 

Table 4 Change imposed on each parameter and identification number of the resulting value 

Parameter Change Identification number 

Average demolition cost 
+ 50% 1 

Average figure in Table 3 2 

- 50% 3 

      

Average dumping cost 
+ 50%(*) 4 

Average figure in Table 3 5 

- 50%(*) 6 

      

Average transport cost 
+ 50% 7 

Average figure in Table 3 8 

- 50% 9 
(*) Change in the dumping rate for non-separated CDW. 

 

Figure 6 gives several combinations of values for a minimum, average and maximum demolition cost, in SD 

and TD, with regulated and non-regulated dumping. In general, in the case of TD, it is not possible to establish a 

standard for the parameters’ combinations. The common parameter for each level, however, is the dumping cost. And 

so it can be concluded that the conditioning parameter for TD is, in fact, this cost. 

 

In the case of SD, each level corresponds to the combination of different transport values and the dumping cost 

for a fixed value of demolition cost. And so it is found that the demolition cost is the conditioning parameter for SD. 

 

According to Figure 6, TD is cheaper than SD if disposal is non-regulated. Actually, for the combination of 

average values (258), non-regulated TD is about 5, 30 and 55 €/m
3
concrete cheaper than, respectively, the minimum, 

average and maximum cost of SD, for equivalent combinations. If non-regulated dumping is free, then the difference is 

even more marked. Regulated disposal TD, on the other hand, is always more expensive than SD, for the same 

combinations. 
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Figure 6 Comparison of industrial costs for SD and TD  

 

However we find that in fact TD is currently more competitive than SD, in economic terms. This being so, it is 

concluded that this competitiveness is mostly due to the disposal of DW in sites other than landfills licensed for the 

purpose, since they are cheaper or free. 

 

So the economic feasibility of SD depends to a great extent on the charges for disposing of mixed CDW. The 

influence of the dumping charge also seems to be greater than the demolition cost. This is because this charge has 

almost no importance in SD, compared with TD. 

 

But in practical terms, this feasibility only occurs if inspection is carried out to ensure that each demolition 

contractor gets rid of the DW produced on its work site in dumps authorised to receive such wastes. Furthermore, it 

would be necessary to guarantee that these fees are at least of the same order of magnitude as the average rate charged 

by the licensed landfills contacted for this study. The lack of a policy on CDW, or resources to ensure compliance with 

the law, is, therefore, crucial to the absence of competitive conditions for SD in relation to TD. 

 

 

6. Conclusion 

 

Selective demolition is, as mentioned in the introduction, a demolition method that sets out to recover the 

maximum amount of materials for re-use and recycling, as an alternative to the more usual ways of getting rid of them 

in landfills. 

 

As Chapter 2 makes clear, demolition has been increasing in the past few years in Portugal. It is growing both 

in terms of the number of demolition jobs being licensed and in terms of the value of works undertaken by firms 

employing more than 20 people.  
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SD is also being employed more often in Portugal, with the appearance of at least a handful of firms which use 

this method. So far, these firms have carried out large scale works, like the demolition of Aldeia da Luz, the old José de 

Alvalade stadium and the Hotel Estoril Sol. 

 

Chapter 3 described how SD could be carried out using the same techniques and equipment as that used in TD, 

differing only in the demolition method employed. Indeed, in terms of demolishing the structure of constructions, it is 

concluded that, apart from the plasma and laser techniques, Portuguese firms that carry out SD tend to use the best-

performing economic, technical and environmental techniques that they know about. 

 

The difference between the two methods largely resides in the fact that, in SD, the work focuses on 

dismantling constructions’ fixtures, cladding, contents and fittings. So what distinguishes SD from TD at the outset is 

the greater use of precision dismantling techniques and the manual removal of materials. 

 

As we have seen these tasks are not particularly advanced in technological terms, as they are very labour 

intensive, and involve hard work. This means that SD is slower and costlier relative to TD. Nevertheless, this type of 

work is a fundamental part of the environmental benefit offered by this demolition method. 

 

This Chapter also shows that at least in 2000 and 2001, housing was the type of construction most often 

demolished. Therefore, most of the DW produced in Portugal was composed of the wastes typically derived from the 

demolition of apartments and houses. In addition, it can be seen that the materials involved, and those in DW in general, 

are generally the by-products of reinforced concrete as an operating system. 

 

But despite the growth expected in the production of these wastes, and the environmental problem that this 

represents, there is a gap in the law, and there is no strategy for the management of CDW. CDW is not actually covered 

by any national strategic plan related to wastes, and equally no law has yet been passed to specifically regulate the 

issues related to the disposal of these wastes. 

 

In Chapter 5, it is concluded that this gap is the main reason why SD is not an economically attractive 

alternative to TD. According to the study carried out, it would be enough to ensure that the producers meet their 

responsibilities in terms of managing DW for SD to become a competitive alternative to TD in current market 

conditions. It is therefore essential for effective inspection mechanisms to be implemented, for the operating conditions 

to be the same for all demolition contractors. 
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