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Abstract 
 
Construction sector generates great amount of residues in the whole production chain, from 

natural resources extraction, production process until remains disposal during product life-

cycle, causing social and environmental problems to cities. Due the exposed problem, this 

work presents a case study in Lençóis Paulista city, through a public investment project to 

install a construction residues recycling plant. Statistical data and economical viability 

analysis were verified to execute the project. Through recycling, construction remains are 

triturated and transformed in recycled sand and stone, allowing the residue to return to the 

productive chain as new materials. It was verified that the project is viable, because it presents 

financial benefits and also correct residues disposal  
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1. Introduction

The civil construction industry generates high volumes of solid waste in its entire 

production chain. The sector is responsible for the extraction of non-renewable natural 

resources and consumes larges amounts of energy from the exploration of mines to the 

transportation of materials. This generation of residues continues with waste in carrying out 

private, commercial interest or public undertakings, leading to problems as to the correct 

disposal of such waste. It thus becomes an environmental problem for society with few 

practical alternatives and a lack of studies in Brazil. The purpose of this article is thus to 

introduce a possible alternative for such a problem; an analysis of economic feasibility for 

installing a Construction and Demolition Debris Recycling Plant using a case study from the 

city of Lençois Paulista in the state of São Paulo.

When deposited in improper locations and without controls by public authorities, the 

waste can cause environmental pollution and harm the urban landscape.

In the 1990s, concern with the generation of household waste became the object of 

several studies, leading to practical solutions that are being implemented in some Brazilian 

cities such as selective collection and composting. But Construction and Demolition Residue 

(RCC), when monitored by public authorities, is frequently sent to special landfills without 

the techniques and investments that enable recycling and this hampering the return of RCC to 

the production chain. Without monitoring, these residues are deposited at clandestine sites and 

can cause health problems for the population as well as environmental pollution such as 

flooding and silting of rivers and streams (ZORDAN, 2005).

Presentation of a project for installing a Civil Construction Debris Recycling Plant 

provides cities with an option that minimizes the environmental problems generated by RCC 

and their proper disposal, corroborating with resolution number 307 of the National Council 

on the Environment (CONAMA) of 2002, which prohibits disposal in landfills. This 
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resolution aims at sending as much residue as possible for recycling and reuse. It is thus 

necessary to quantify the generation of RCC in the city and the investments needed to build 

the plant. After that, it is possible to conduct an economic feasibility study as well as present 

the social and environmental benefits included in the project. This way, this treatment model 

for RCC provides sustainable and economically correct solutions for the problem.

2. Methodology 

The methodology used for development of this work was based on the case study. The 

chosen unit of study was the City of Lençois Paulista, where the municipal public power 

intends to implant a civil construction residues recycling plant. 

Initially was executed a statistical survey of the generation of residues in the unit of 

study in landfill areas of RCC, being after executed the classification of the physical 

composition of the residues. 

The next stage was economic and ambient information survey necessary for to 

evaluation the project of implantation of the Plant Recycling, as investments, maintenance 

and environmental profits. Finishing, had been used methods of calculation of economic 

engineering for construction of the pointers to evaluate the viability of the project. 

3. Objectives of the Debris Recycling Plant installation project 

Installation of a Debris Recycling Plant in the city aims at meeting and solving several 

problems of an environmental, social and economic nature observed in practically every city: 

a) The irregular disposal of debris in lots can cause the accumulation of disease transmitters 

that are harmful to the population, generating an onus for public and municipal bodies 

through the inspection and treatment of disease caused by these vectors; 

b) Improper disposal can also result in serious consequences during rainy periods such as 

floods and the silting of rivers and streams; 
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c) Visual pollution in areas near residue disposal sites depreciates property values hampering 

local development; 

d) Reduce the growth in raw material extraction in natural reserves, mainly in periods of 

strongest economic growth to meet the demand in the civil construction sector; 

According to Schenini et. al (2000) apud Sjonstron(1996), the civil construction 

production chain plays an important role in international macroeconomics being responsible 

for 40% (forty percent) of the gross formation of fixed capital and employing a huge mass of 

workers. It consumes between 20% (twenty percent) and 50% (fifty percent) of all natural 

resources consumed by society. Such consumption demands the intense use of energy and 

fuel given the distance of mines from consumer centers. Souza (2005) underscores that the 

quantity of materials consumed by a construction generate about 1,000 Kg per square meter of 

constructed area. Debris recycling is a way to mitigate the growing extraction of natural 

resources. 

e) The growing volume of debris generated in the city obliges City Hall to invest in the 

acquisition of landfill areas for final disposal of the residues, creating an onus; 

f) Obtaining aggregates (sand and stone) for public works. In some regions the cubic meter of 

aggregate can reach R$ 40.00, representing a high percentage of City Hall expenses. 

The recycling of debris to obtain new aggregates is a possible solution for such 

problems, enabling the return of RCC to the civil construction production chain, closing the 

aggregate production cycle.  

4. Classification and destination of construction residues 

Resolution 307 of July 5, 2002, of the National Council on the Environment 

(CONAMA) standardizes the civil construction residue management process, classifying 

them and establishing their economic, social and environmental relations: 
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“Whereas the technical and economic feasibility of production and use of materials 

from the recycling of civil construction residues; and whereas the integrated management of 

civil construction residues should provide social, economic and environmental benefits, 

decides to: Art.1 Establish criteria and procedures for civil construction residues, controlling 

necessary actions in order to mitigate environmental impacts...” 

Tenório & Espinosa (2007) affirm civil construction residues could be classified as 

urban waste. Due to their characteristics and volumes, they are normally classified separately.  

Civil construction residues come from constructions, renovations, repairs and 

demolitions of civil construction works and those resulting from preparing and excavating 

land, such as: bricks, ceramic blocks, concrete in general, soil, rocks, metals, resins, glues, 

paints, wood and compensated wood, sheathing, mortar, drywall, tiles, asphalt pavement, 

glass, plastics, piping, electric wiring, etc. (CONAMA, 2002). The residues are classified as 

follows: 

a) Class A – reusable or recyclable residues such as for construction aggregates (sand and 

stone) like: from construction, renovations and repairs of pavement and other infrastructure 

works, including soil from landscaping.  

Construction, renovations and repairs of buildings, such as ceramic components 

(brick, blocks, tile, sheets of cladding, etc.), mortar and concrete; 

Manufacturing and/or demolition process of pre-molded parts in concrete (blocks, 

tubes, curbs, etc.) produced at job sites.   

b) Class B – recyclable residues for other destinations such as: plastics, paper/cardboard, 

metals, glass, wood and others; 

c) Class C – residues for which economically feasible technologies or applications have not 

been developed, which permit their recycling/recovery, such as drywall products; 
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d) Class D – hazardous residues from the construction process, such as: paints, solvents, oils 

and others, or contaminates from demolitions, renovations and repairs of radiology clinics, 

industrial installations and others. 

CONAMA resolution 307 emphasizes the need for recycling and reusing residues, 

establishing the following criteria: 

a) Class A residues must be reused or recycled as aggregates or sent to civil construction 

landfills and disposed of in a manner that permits future use or recycling; 

b) Class B residues must be reused, recycled or sent to temporary storage areas and disposed 

of in a manner that permits future reuse or recycling; 

c) Class C and Class D residues must be stored, transported and disposed of in compliance 

with the product’s specific technical norms. 

Installation of a Civil Construction Residue Recycling unit in the city of Lençois 

Paulista aims at mainly meeting the obligations requires as to Class A residues, because Class 

B residues are already sent to the municipal Garbage Recycling Plant for screening and 

recycling through a Recycling Cooperative. 

5. Civil construction debris recycling 

The document that resulted from ECO 92 in Rio de Janeiro, AGENDA 21, brought up 

a topic called “sustainable construction”. This initiative rethought the entire production chain, 

beginning with the extraction of raw materials, and took into account the production 

processes, based on the reduction of pollution, energy and water savings and the reduction of 

natural resource consumption. Given the growing demand for inputs from the civil 

construction sector, new ways to obtain raw materials were developed to supply that need. 

One way to mitigate this problem is recycling RCC, generating the recycled aggregate. 
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With regard to recycling from an economic perspective, Calderoni (2003) affirms that 

not recycling means not making billions of reais in earnings every year. The author also says 

the greatest benefit from recycling is the savings in raw materials, followed by savings in 

electric energy. 

From a social perspective, debris recycling is the technology indicated as an 

alternative for the generation of jobs with the reuse of aggregates in civil construction. 

Recycled aggregate is the granular material from processing construction residue that 

has technical characteristics for application in buildings, infrastructure, landfills or other 

engineering works. (CONAMA, 2002).   

Debris can be recycled to generate aggregates for civil construction with a quality 

comparable to natural aggregates. In the United States, this has been done for more than thirty 

years in the production of artificial aggregates to make a base and sub-base for pavement.  

(ESPINOSA & TENÓRIO, 2007). 

In countries like Holland, 70% of the RCC is recycled and in Germany 30%. 

Copenhagen, in Demark, recycles nearly 25% of demolition debris because the country has a 

scarcity of granulated material and there is a 10% surcharge for consuming natural 

aggregates, favoring recycling by the mining companies. 

According to Lanzellotti et. al. (2004), the reuse of aggregates through debris 

recycling is one of the simplest forms of reuse.  In Brazil, debris recycling is recent and there 

are few plants in existence for this process.  

Recycled materials are used in the construction of asphalt sub-bases and bases, mortar 

and concrete used in civil construction, as well as the production of blocks, pipes and concrete 

tiles with the same quality as natural aggregates. 
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6. Statistical study of RCC in the city    

Prior to the project’s economic analysis, it is necessary to know the estimated volume 

of RCC in the city to then check installation feasibility and dimension resources to be 

invested in acquiring the Debris Recycling Plant. 

It is very difficult to measure the volume of RCC generated in a city because most of 

them use information obtained from RCC collectors by means of the so-called “buckets”. 

According to the Urban Solid Residue Management Diagnosis (2004), the records of data 

regarding the operations of these companies seems precarious and do not permit establishing 

the existence of characteristic residue behavior. 

In order to get around this difficulty, the study was conducted in loco at a debris 

deposit located near the urban area of the city of Lençois Paulista, where waste is discarded 

by the city’s debris collection companies. Since City Hall inspects these companies, it is 

certain that all residue collection is sent to the deposit. 

The number of buckets that arrived daily at the debris unloading site was observed 

over a four day period. The study took into account concrete, mortar and tile residues and 

disregarded buckets with 100% soil and other Class B recyclable materials. 

According to John & Agopyan (2000), international estimates range from 130 to 3,000 

Kg/inhab. year. In Brazil, estimates for the cities of Jundiaí, Santo André, São José dos 

Campos, Ribeirão Preto, Campinas and Vitória da Conquista range from 230 Kg./inhab. per 

year to 760 Kg/inhab. per year. 

In the city of Lençóis Paulista, with a population of approximately 61,000 inhabitants, 

an average daily volume of 127.0 cubic meters of RCC has been established. According to 

data from the Waste Recycling Plant of the City Hall of São José do Rio Preto, the specific 

mass of RCC is approximately 1.3ton/m³. This results in a daily volume of 165.1 tons. 
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(Monday thru Friday). The city estimate is 670 Kg./inhab. per year, similar to the volumes 

estimated for other locations observed in Table 1. 

Sweden TOLSTOY, BORKLUND & CARLSON (1998)
Italy LAURITZEN (1998)
Brazil PINTO (1999)
Jundiaí- SP PINTO (1999)
Lençóis Paulista - SP Author

TABLE 1 - Estimates  generate of RCC 

670

136  -  680

600 -  690

230 -  660

760

Volume 
Kg./inhab.per year

Location Source

 

As a result of RCC volume generated in the city of Lençois Paulista (165 tons/day), 

the project used a recycling unit with capacity for 25 tons/hours, operating 6.6 hours/day. The 

information was obtained from the City of Lençois Paulista Agriculture and Environment 

Directorate and MAQ-BRIT, a company specialized in assembling civil construction debris 

recycling units. 

After the study on residues, it is necessary to establish their physical characteristics. 

For such, debris composition was verified from an analysis of 3 samples of 1 cubic meter 

each, where a predominance of concrete and mortar was observed as seen in Figure 1: 

   FIGURE 1 - C omposition (%  in  weigth)  of RCC in the City of Lençóis Paulis ta

68%
21%

7%
4%

M ortar/Concrete Tiles M inerals Others

 

7. Economic analysis of the project 

Economic engineering indicators were used to analyze the economic feasibility of the 

RCC Recycling Plant, such as Net Present Value (NPV), Internal Rate of Return (IRR) and 
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Payback. In order to determine these indexes, we must determine the initial investment, cash 

inflows and outflows and later accept or reject the project. (LAPPONI, 2007). 

7.1 Initial investment 

The plant installation project will use an area that belongs to the city and which has 

three other production units: asphalt plant, cement artifacts factory and garbage recycling and 

composting plant. The site already has the structure to receive the installation, such as land, 

front-end loader and locker rooms. The value for these items will therefore not be considered 

in the initial investment. As explained above, the unit requires investments for the production 

of 25 tons/hour.  

7.2 Annual expense flow 

a) Labor – The plant will initially be operated by Lençois Paulista city employees. For the 

unit under analysis, four workers are needed to operate the equipment, earning average 

salaries of R$ 700.00/month plus one front-end loader operator at a salary of R$ 

1,089.00/month; 

b) Electric energy – information obtained from the equipment manufacturer shows 

consumption of 41kwh. A cost of R$ 0.35/kwh (tariff used for other city production units) 

was adopted. It is estimated that the unit will operate 7 hours/day, 20 days/month. 

c) Water – According to Jadovski (2005), water expenses in the debris recycling process is 

calculated as follows: 

              Expense = R$ m³ (water) x 0.08 x Total volume of debris processed 

The tariff used is R$ 1.10/m³ (Autonomous water and sewage service, SAAE of 

Lençóis Paulista), totaling R$ 223.50/month; 
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d) Maintenance – For equipment maintenance and wear expenses, we adopted an annual rate 

of 3% initial investment value (MAQBRIT).  

7.3 Annual benefits flow 

a) Savings – annual savings was initially considered to be obtained from the purchase of 

aggregate (sand + stone), replacing the natural material with recycled aggregate. The city 

consumes 4,525m³ of these aggregates annually, resulting in a total of R$ 117,637.00;  

b) With annual recycling of 30,680m³ of RCC, the city will no longer purchase areas for 

debris deposits, estimated at R$ 60,000.00; 

c) Excess recycled material can be sold, generating revenue for the undertaking. According to 

the proportions observed in Figure 2, 68% of the residues can be recycled, totaling 20,862m³ 

for sales of stone, for example. Subtracting the 4,525m³ for use in public works, it is possible 

to sell 16,337m³ of aggregate annually.  In the Lençóis Paulista region, natural aggregate costs 

up to R$ 30.00/m³. Prior to commercialization, recycled aggregate must undergo quality tests 

to be used in the market. We thus used an initial value of R$ 7.32/m³ (100% more than 

production cost) to estimate revenues.  

Table 2 shows the equipment needed for installing the plant as well as the projected 

annual cash flow for the next 20 years. 

Electric Energy 24.105,60R$               
Water 2.682,24R$                 
Maintenance 12.454,05R$               
Labor 58.059,00R$               
Machine - Front-End Loader 14.235,12R$               

TOTAL 111.536,01R$             

Purchase of Sand and Stone 117.637,00R$             
Purchase of landfill area 60.000,00R$               
Sale of recycled aggregate 151.717,25R$             

INITIAL INVESTIMENT

SAVINGS

Electric panel
Mobile conveyor belt

Fixed conveyor belt
Impact grinder

TABLE 2 - Annual cash flow

Vibratory feeder

Works/foundations
Vibratory sieve

415.135,00R$                                                  

EXPENSES

Sustaining structure
Transfer nozzles (4 units)
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7.4 Indicators used for project assessment 

a) The rate of attractiveness in the project is 12% per year (MRA – minimum rate of 

attractiveness). The MRA is the starting rate which the investor considers ideal to obtain 

financial gains. The 12% rate was adopted since it is close to the average SELIC rate – the 

basic rate for the Brazilian economy for 2008; 

b) The Net Present Value (NPV) is used to determine a value for a moment considered 

present using a cash flow comprised of a series of revenues and expenses discounted by the 

MRA (HIRSCHFELD, 2001). For NPV < 0, the project is not feasible;  

c) Internal Rate of Return (IRR) – is the interest rate at which a project's net present value 

equals zero. Thus, it is the discount rate that equates the present value of project benefits to 

the present value of its costs (CONTADOR, 1981). To make the project feasible, it is 

necessary for IRR > MRA; 

d) Payback – period needed to recover the investment, that is, the number of periods needed 

to recover the initially invested sum; 

e) Discounted Payback – also refers to the initial investment recovery period, in this case, net 

cash flows discounted by the MRA (KASSAI et. al., 2000). 

The results obtained are shown in Table 3. Taking into account only the savings 

generated by the purchase of aggregate by the city, the project becomes economically 

infeasible (IRR < 0) and negative NPV, given the volume of the initial investment and the 

cash flows over time for the undertaking. 

Due to the results shown, the project should be opted for when the benefits from 

financial savings with the acquisition of areas for disposing of RCC are added, obtaining an 

IRR of 14.9% and NPV of R$ 78,123.68, with the initial investment recovered after the sixth 

year of the project. 

 
12



TABLE 3 - Economic analysi results
INDICATOR

IRR NPV Payback
Discounted 
payback

Savings with 
purchase of sand 

and stone
-9.6% R$      ( 369,564.00) - -

Savings in 
purchase of 
landfill area

14.9% R$ 78,602.62 6 years and 3 months 12 years and 4 months

Sale of recycled 
aggregate

44.5% R$ 964,413.80 2 years and 04 months 2 years and 9 months
 

With the possibility of selling recycled aggregate, project attractiveness is even greater 

– IRR of 44.5%, with the capital recovered already after the second year of the project.  

These results clearly show we can opt for the investment because even when the IRR 

is negative there are immeasurable externalities in the project that make it feasible. Together 

with the economic assessment of the project and the expected results, special attention must 

also be given to the environmental and social externalities that are pertinent to the installation 

of a RCC recycling unit in the city. 

The environmental problems generated by the poor disposal of residues in open lots 

and debris deposits can be solved, avoiding the proliferation of vectors that cause countless 

diseases to the population, creating a savings in resources used to treat such diseases. 

The pre-separation of Class A and B residues can be done by the Lençóis Paulista 

Recycling Cooperative (COOPRELP) that already operates at the city garbage recycling plant 

installations. The cooperative is currently comprised of 56 members according to information 

obtained from the City Agriculture and Environment Directorate. The cooperative separates 

and sells 150 tons of recyclable products, including plastic, paper and metal, annually. It is 

estimated that 10 more direct jobs will be generated for the cooperative with the separation of 

Class A and B recyclable products that are disposed of with the construction debris at job sites 

and transported by private collectors. Sales revenues from these materials will be completely 

given over to the cooperative members. 
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8. Conclusion 

Installation of a Debris Recycling Plant in the city of Lençois Paulista is an excellent 

alternative to solve the issue of civil construction residues generated by the city’s population. 

The statistical study revealed that every year, 30,480m³ of debris is generated in the 

city, enough for a unit that processes 25 tons/hour. The recycled debris can return to the 

production chain in the form of aggregate (sand, stone and gravel) for reuse in civil 

construction for building, pavements and the manufacturing of cement artifacts. 

The project is economically feasible taking into account the savings in the purchase of 

aggregates for city works and no longer needing to purchase new areas for waste landfills, 

generating an IRR of 14.9%. Project feasibility increases when the sale of excess recycled 

material  not used by the city is estimated, reaching an IRR of 44.5%. Production cost is R$ 

3.61/m³. 

Together with the economic gains, social results must be underscored, through the 

generation of jobs in the pre-separation of Class A and B residues found in the debris. This 

process can be carried out by the recycling cooperative already in operation since the 

members can sell the plastics, paper and metals collected in this separation. 

With regard to the environmental gains generated by the project, a solution is reached 

for the final disposal of debris, which when disposed improperly entails in the proliferation of 

vectors that cause disease.  

Recycling mitigates the issue of natural resource extraction by the civil construction 

industry that demands a large volume of natural resources and energy, and which is highly 

pollutant, thus permitting the sustainable growth of this activity. The results observed fully 

meet the objectives established by CONAMA’s resolution 307 related to RCC management, 
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making the processes technically feasible and generating environmental, social and even 

economic benefits. 
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