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The expansion of the recycling market basically depends on making the use of recycled aggregates viable. In 
that direction strategies and scientific methodologies are welcome to meet the Agenda 21. However, it is difficult 
to find appropriate measurement methods. For this reason, creating databases that associate the life cycle of 
materials and processes with consumption and discard of the materials could be a starting point in supporting 
environmentally up-to-date choices. Carbon dioxide stands out among the impacts of construction materials. 
Carbon footprint is a subset of the Life Cycle Assessment study, and in the present political context, in general 
in countries in the Northern Hemisphere it is one of the most-used factors in the decision process regarding 
sustainable consumption and production. The objective of this article was to show the first approximation 
about the develop an inventory of bricks made with construction and demolition waste in Belo Horizonte 
in the Brazilian state of Minas Gerais, and Compared to the other blocks: concrete, ceramic. The material 
components of the life cycles of the agents involved in this study were input into Umberto software, defining 
the unit for each type of material separated into groups (work folders in Umberto). These work folders were 
created for energy, emissions, raw materials, supply and other items, and flow networks are presented. Three 
different scenarios were created: the ceramic brick manufacturing scenario; the concrete block manufacturing 
scenario; and the CDW block manufacturing scenario. This first study, the inventory is fundamental for the 
directives of Life Cycle Assessment in Belo Horizonte. Using this starting point, a comparison is made between 
the production process inventory of concrete blocks and ceramic bricks. This comparison was related only 
to CO2 emission parameters. The following methods were used for this: Life Cycle Assessment (LCA) with 
reverse logic to obtain data from the point of consumption to the point of origin. Supplies for manufacturing 
ceramic block, concrete block, and extraction of non-renewable resources are taken from literature. Flow 
networks were developed for both processes on Umberto software and were compared. The objectives, scope, 
functional unit, systems, limits and results of this LCA are presented graphically and with a Sankey diagram 
with discussion. The main contribution of the article refers to sustainable use when considering choice of 
construction material with less environmental costs through the lens of “carbon footprint”. 

Keywords: life cycle assessment (LCA), sustainability, construction and demolition waste (CDW), CO2, 
construction materials. 
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Introduction
Managing and recycling CDW 
Various parties are involved in the brief; design; raw material extraction, transport and processing; 
construction materials production and distribution; construction; use, repair and maintenance; 
demolition; disposal, reuse, or recycling of built environment, their cooperation taking rather long 
period of time. Life cycle efficiency of built environment depend to a very great extent not only on 
the selected most rational processes and solutions (Kaklauskas, 2016).

In the recent past, the construction sector is responsible for various environmental impacts, such 
as the intense use of non-renewable natural resources and generation of a large amount of solid 
waste (John, 2000). According to Rocha & Cheriaf (2003), interest in construction waste focuses 
on two factors: the fact that the chemical make-up of a large majority of the waste is silicates, 
aluminates and alkaline oxides, the same basic compounds that make up construction materials; 
and the significant volume of waste created by the process every year, which could be used as raw 
materials used in manufacturing the materials used in construction. Lithuania and Brazil are very 
next in their actions. Energy efficiency and renewable energy is considered of high priority followed 
by the reduction of toxic materials, indoor pollution and water saving (Vatalis et al. 2013). 

Brazil is trying to follow the same CDW recycling philosophy, in the past Pinot (1999) states that 
this system is made up of: a) a network of strategically positioned collection points for small and 
large generators to make throwing the waste away unattractive; b) licensed transport companies; 
and c) CDW recycling. This was the vision adopted in CONAMA resolution number 307 in July 
2002. This resolution assigned responsibilities to CDW generators, transporters and government 
offices. CDW was divided into four classes based on ability to recycle (A, recycled as aggregate; B, 
recycled in other chains such as plastics; C, no economically viable recycling technology exists) or 
the danger presented by the waste (Class D). 

(Kubilius & Kazlauskas, 2009) explains the need for implementation of strategies for sustainable 
development. And that should be implemented in a period before 2020. This due to the rapid 
growth scheduled for Lithuania, and with that, on 15 May 2012 the Parliament of the Republic of 
Lithuania with its Resolution No XI-2015 adopted Lithuania’s Progress Strategy “Lithuania 2030”. 
This Strategy underlines the need for incentives for business to invest in green technologies, prod-
ucts and services (Ministry of Environment of the Republic of Lithuania, 2015). The anticipated 
rapid growth of consumption is expected to boost the use of primary energy, resulting in larger 
amounts of pollutants and greenhouse gases released into the atmosphere.

In the past, Brazil had no reliable records, a fact that hindered the development of public policies. 
In the Lithuania, too, there was no recording or reporting of waste generation or disposal in Lith-
uania during the Soviet time. However, after declaration of independence in 1990 Environmental 
Protection Department was established which initialized collection of statistical data on waste 
generation and management. Waste generation, treatment and disposal were recorded and re-
ported according to the waste classification categories. These waste in 2004 account for only 4% 
of Average composition of MSW in Lithuania (Konstantinavičiūtė, et al 2014). 

In contrast, in the European Union (EU), the amount of C&DW comes to 180 million ton per year, and 
in ten EU countries1 this waste stream constitutes more than 34% of the total waste. In Lithuania, 
43% of all C&DW is mixed waste, while in the EU-15 it makes only 5% [2]. It is the best indicator, 
showing the inefficiency of sorting at the source (Miliūtė &Staniškis, 2006). However, Lithuania, in 
2012, 564 286 tonnes of construction and demolition waste (CDW) were generated in Lithuania. It 
represents a 45% increase compared to 2010 (388 100 tonnes)  (EC, 2015).

In Brazil, these solid wastes represent around 50% of all urban solid waste. With average per 
capita CDW generation at 500 kg/year (Pinto, 1999), a sum of 68.5 x 106 tons CDW/year can be 
estimated, since in Brazil around 137 million people live in urban areas. This generation of con-
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struction waste makes up about 40% of the waste picked up by public services every day in Belo 
Horizonte (SINDUSCON-MG, 2008). 

The indicators adopted in this academic work are focused only on the quantitative analysis of car-
bon dioxide emissions, though Sustainable development indicators have been grouped based on 
the three main sustainable development sectors: environmental status, economic development 
and social development. Such a type of grouping is rather conditional as a small number of the 
indicators presented are trans-sectoral, characterising sector interaction. 

In general, LCA, It also provides a reference for other countries or markets that are consider-
ing building environmental assessment methods for sustainable building policies (Wong and Abe 
2014). The strategy used in the case study in Belo Horizonte, in particular LCA, approaches the 
strategy adopted by Lithuania, as waste treatment is also covered by this block (EC, 2015).

The life cycle of the built environment can be assessed taking into account many quantitative and 
qualitative criteria. One of them is ‘Quality of Life in a Built environment’ discussed further as a 
Vision for Lithuania (Kaklauskas, 2016). With the rapid growth of the city of Belo Horizonte, as 
was observed in Lithuania (Staniskis & Plepiene, 2006), introduces the need to share the princi-
ple of science, knowledge and technological progress. According to this principle, the develop-
ment of different sectors and their branches must be based on modern scientific achievements, 
knowledge and the latest environment-friendly technologies. From that, Energy efficiency and 
renewable energy is considered of high priority followed by the reduction of toxic materials, indoor 
pollution and water saving (Vatalis et al. 2013). 

In Lithuania, the key point to the success of green economy is education and investments in re-
search and development (Stanikis, 2011). The preserved system of central heating in Lithuanian 
cities and towns has resulted in rather low concentrations of sulphur dioxide and carbon monox-
ide in ambient air. With elimination of leaded gasoline, lead concentrations in the cities and near 
highways have also decreased by several times. In the face of growing energy consumption and 
scarce consumption of renewable energy sources, nuclear energy prevented any marked increase 
in greenhouse gases throughout the independence period. 

In contrast, in Brazil, the great challenge is to collect data to generate benchmarks, leading to 
a lack of environmental profiles for buildings and construction materials and products. This ab-
sence of information makes it more difficult to conceive of sustainable development established 
by Agenda 21. Note that the questions of environmental impact of materials and products aren’t 
just tied to production but also use demolition and disposal. 

The creation of inventories identifies when it is possible to improve processes, and the Life 
Cycle Assessment stands out as an excellent tool to minimize environmental impacts. This 
approach to life cycle is essential to evaluate and improve environmental performance of con-
struction materials. In order to promote their reuse, three concepts must be observed: (a) guar-
antee safety and quality; (b) reduce environmental impact; and (c) increase cost effectiveness of 
future construction (Dosho, 2008). An optimization of open information is significant for further 
development of LCA databases (Takano et al. 2014). This allows objective comparison of quan-
tified environmental performance for various metrics like kg CO2e global warming potential 
(O’Connor and Bowick 2014).

In Brazil, construction and demolition wastes can be classified into four groups, taking into ac-
count the origin and type of waste. This classification is in Accordance with Resolution no 307/2002 
of CONAMA (National Environment Council), in the first prerequisite for the proper management 
of RCD’s. Therefore, the CONAMA Resolution no 307/02, initiated a series of activities involving 
the recovery of the RCD by encouraging the reuse Use of CDW aggregates in concrete blocks and 
recycling of the same (Alves et al, 2016).
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CDW separation (Belo Horizonte, Minas Gerais, Brazil)

Though there are efforts and concern with selective demolition in Brazil, waste is still generat-
ed indiscriminately in construction, demolition and remodeling phases. Recycled aggregate pro-

Fig. 1
Reception of rubble (a), 
manual CDW sorting in 
the Estoril recycling plant 
in Belo Horizonte, MG (b), 
Red CDW (c), and Gray 
CDW (d)

duced is normally mixed; that is, 
it contains a mixture of concrete, 
ceramic, natural stone, and other 
materials, each of which has dif-
ferent characteristics. In class A 
recycling facilities, the only triage 
is visual and CDW is classified 
as gray (mainly cement-based 
waste) and red (mainly ceramic, 
soil, etc) (Fig. 1), which is a fairly 
inefficient process. 

In these recycling facilities, CDW 
is visually classified, generally by 
color, which has been shown to 
be only slightly efficient to iden-

a  b  

c  d  

tify the differences in physical properties of recycled aggregates (Angulo et al., 2003). Add to this 
that the current CDW classification as red or gray might not be significant in terms of variations 
in porosity and potentially mechanical resistance of aggregates. Large volumes of raw material 
(CDW) are also required to produce 1 m2 of concrete blocks, as in the case study carried out at the 
Estoril CDW facility in Belo Horizonte (Surgelas, 2010). 

Nevertheless, in the past, the use of CDW aggregates in cement-based products is highly rec-
ommended to achieve recycling (ANGULO, 2002). It is known that it is technically viable to use 
aggregates with controlled quality in concrete (HANSEN, 1992; ZORDAN, 1997; HENDRIKS, 2000). 

Sampling 
Recycled CDW aggregates for production of CDW blocks were considered from the recycled plant 
located in the Estoril neighborhood of the city of Belo Horizonte in the state of Minas Gerais, Brazil. 
The mass of CDW aggregates was calculated based on a study by Fukurozaki & Seo (2004), who 
adopt the mass of 1,100 kg/m3 of CDW. The capacity adopted for dumpsters of CDW was around 
4.6 m3 and there were 4,694 CDW loads received by the factory in 2008. For the ceramic brick and 
concrete block production process, the available literature was used. For the Life Cycle Evaluation, 
this includes defining the objectives, scope, functional unit, general approach of the system, limits, 
use of Umberto software and presentation of results graphically and use of Sankey diagrams. The 
phases of the life cycle include extraction of raw materials, processing and manufacture of blocks 
in the study. The material related to the inventory of the study and charts are be included in the 
fourth section (Life Cycle Inventory).

Life Cycle Assessment 
Life Cycle Assessment is an “internationally” recognized methodology that allows understanding 
and analysis of environmental repercussions caused by a product or activity. It can lead to finding 
opportunities for improvement if the phases of a production system are considered, according to 
Ferreira (2004), and contribute to reducing CO2 emissions. According to John (2005), the criteria 
for selecting healthier materials, components and systems for construction include incorporated 
energy, socioeconomic materials and use of the Life Cycle Assessment (LCA) as a tool to quantify 
and compare results. 

Methodology
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However, a LCA doesn’t determine which process or product used is more expensive, cheaper 
or performs better. The information produced should be utilized to support the decision-making 
process in the regional environmental setting. The present study uses Umberto software. 

Umberto software 
Umberto is an environmental administration computer program that models, calculates liquid 
flow of materials and energy and illustrates Life Cycle Assessment by means of graphs or tables. 
It is one of the main LCA programs in Europe. It is used by companies, universities, consultants 
and research institutes (UMBERTO 2008). With this model, it is possible to identify interdepen-
dence between opportunities to save resources and energy in a company’s environmental man-
agement plan. The results can be presented using a Sankey diagram. This is a material flowchart 
in which the flow quantity is represented by arrows with width proportional to mass or energy. 

Functional Unit 
In this work, the functional unit established was 1 m2 of block-product, for the purpose of internal 
shoring of environments in a building. 

Life Cycle Inventory (LCI)
Data Quality 

For the time covered, the year 2008 was considered. Use of a one-year period was based on Vigon 
et al (1993). They also cautioned that the time period should be long enough to encompass abnor-
mal behavior, for example, machine or work stoppages, and the authors considered one year to 
be sufficient. Other coverages present in a Life Cycle Assessment are geographical and techno-
logical. In the present study, the south and southeast region was chosen for geographic coverage 
and for technology, hand made or low volume production. Precision, uncertainty, integrity and 
representativeness of data are found in Surgelas (2010). 

Diesel emissions factors 

As far as the emissions factors of diesel combustion motors used in load-transporting vehicles, 
this research considers directives as in Prado (2007) and Brazil (2006) expressed in the first Brazil-
ian inventory of human greenhouse gas emissions, a reference work published in 2006. This data 
was entered in Umberto software. 

Estimate of hours worked in the CDW processing plant 

The Estoril CDW recycling plant publishes official data regarding work hours, 855 hours/year work-
ing and 825 hours/year stopped, and for the CDW plant, 1099 hours/year worked. The stopped 
hours are due to maintenance, weather, Saturdays, Sundays, holidays and situations that weren’t 
described in this work. Electrical energy and diesel consumption of the machinery was calculated 
from this data in function of hours worked in each step of the plant process. 

Electrical energy 

In general, with respect to electrical energy, the voltage of the machine was multiplied by the 
hours worked in the plant, in direct proportion to the quantity of CDW processed. The calculation 
procedure is expressed in equation 1, approximate values.

Results 
analysis 

where: 

Volequip – equipment voltage (kW); Potequip – Power Equip-
ment (kW); htu – Hours worked in the plant (h);
Cequip – Electrical energy consumption of the equipment. 

(1)
tuequipequip hVolC .  (1) 

  
 

Q
CDW

CCDW
E

tp

equippp
ceq .

.
  

(2) 
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where: 

Eceq – Energy consumed by equipment (kWh); RCDpp – CDW 
of the processed proportion, the objective of the present 
study (kg); Cequip – Equipment consumption (kWh); RCDtp – 
Total process CDW (kg); Q – Quantity of equipment (unit). 

(2)

Using reverse logic, once the global total processed in each step was known, hours worked, the 
calculation procedure of the relative parcel followed as described in equation 2, approximate 
values. 

Concrete block raw material extraction 

Sand is extracted using a dredge. For gravel, the aggregate is produced in a hard stone quarry 
and uses the following technology: development in banks, primary breaking, secondary breaking, 
loading of exploded mineral and internal transport. The flowchart (Fig. 6) was considered as basic 
support to define the boundary of gravel extraction, this is a first approximation.

Boundary study 
These are the conditions needed to guarantee the study (Guine, 2002). If these limits aren’t ob-
served, the risk is run of adding complexity and costs to the system, which will make conclusion 
and technical analysis of the Life Cycle Assessment more difficult according to Ferreira (2004). The 
dotted line marks the limits of the system; the processes considered in the study are configured 
within this space, as illustrated in Fig. 2, 3, 4, 5 and 6.

  
 

Q
CDW

CCDW
E

tp

equippp
ceq .

.
  

Fig. 2
Concrete block 
boundary

Fig. 3
Sand extraction 
boundary

2 3

(CO2)

(CO2)
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Fig. 6 
Gravel extraction 

boundary

Fig. 7
General gravel 

extraction flowchart

Description of the block being studied
This study considered the following general characteristics for the blocks (Table 1). For the con-
crete blocks, the first estimate is as in Mastella (2002). For the CDW block the following table uses 
Santos (2007) and the ceramic brick is as in Soares & Pereira (2004). 

4

5

6

7

Fig.5
Boundary of ceramic 

brick (Soares & 
Pereira, 2004)

Fig. 4
Boundary of CDW 

block

Table 1 
General 

characteristics 
adopted for the 

blocks.

Comparison  Material

Block - CDW Block - Concrete Brick - Ceramic

Functional unit 13.13 pc/m2 16.67 pc/m2 32.18 pc/m2

Product unit 114.71 kg/m2 155.86 kg/m2 113.36 kg/m2

(CO2)

(CO2)
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CDW block 

The processes from processing of rubble to production of the block were considered for CDW 
block. According to Angulo et al (2002), the variations of composition of CDW (mass) are generally 
estimated based on the material. From the same data, a composition estimate can be carried out 
in function of the materials present in the CDW in the study, such as cement, sand, lime and others 
as in Table 2. 

Table 2 
Estimate of the 
mineral portion of 
CDW in materials 
(Angulo et al 2002) 

CDW (% mass)
Cement Lime Sand Rocks Ceramic

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Concrete 1 3.3 10.3 - - 6.7 20.7 10.0 31.0 - -

Mortar 2 0.7 4.2 0.8 4.6 8.5 52.2 - - - -

Rocks - - - - - - 3.0 50.0 - -

Ceramic - - - - - - - - 0.0 30.0

Total (%) 4.0 14.5 0.8 4.6 15.3 72.8 13.0 50.0 0.0 30.0

1 mass adopted 1:2:3
2 trace adopted at volume 1:2:9 and at mass 1:1, 1:12, 3

Once the estimate of materials present in the CDW block has been defined, the choice of block 
mass proceeds according to the data available in literature. CDW blocks have similar chemical 
composition, apparent specific mass and relative water absorption, as in Angulo (2002). As a 
consequence, in order to establish the mass value of CDW block, this study considered the results 
of laboratory tests carried out by Santos (2007); the value of its mass in kg was computed after 
drying in an oven without previous saturation. 

Similarly, this work adopted 7.63 kg as the mass of a CDW block in order to carry out the first 
correlation of materials incorporated into the CDW blocks studied, based on the data in Table 2, 
the estimated mineral content of CDW was 14.5% cement, 2.7% lime, 43.7% sand, 26.4% rocks, 
and 12.7% ceramic, calculated with an estimated mass of 7.6 kg CDW/block, which resulted in the 
estimate of materials present in CDW block, in kg: cement (1.1); lime (0.2); sand (3.3); rock (2.0); 
ceramic (1.0). 

The estimate of water consumption for CDW block production is as in Santos (2007). It follows that 
for the equivalent of 400 kg CDW, 54 liters of water were added to make the CDW blocks. Thus 
approximately 0.14 liters of water are consumed per kilogram of CDW. So, for a mass of 7.6 kg 
equivalent to one CDW block, estimated consumption was 1.07 liters/block. Thus for 1.0 m2, esti-
mated consumption of potable water is 14.05 kg/m2. 

For the data referring to cement needed to produce CDW block, the study by Stachera Junior 
(2006) is considered. This study utilized apparent specific mass 1200 kg/m3, concentration of 
materials was 14% blast furnace slag, 10% calcium carbonate, and 3% plaster. Mehta & Monteiro 
(1998) mentioned that 73% of the composition of cement is clinker and that in this percentage are 
included 54.75% lime, 14.6% clay and 3.65% iron ore. However, note that to produce 1 m2 of CDW 
blocks, the CDW had to be processed in a factory. This required around 49,066 KJ of energy to run 
the system. CDW volume considered was 5,621.7 kg CDW/m2 to manufacture 1m2 of CDW blocks. 

Concrete block 

The following input materials were registered, as in Mastella (2002): 16.9 kg/m2 cement; 54.60 kg/m2 

 gravel; 85.20 kg/m2 sand; 2.95 kWh/m2 electricy; 3.3 kg/m2 water. According to Mastella (2002), 
the output data were: 0.03 kg/m2 gas emissions; 4.67 kg/m2 solid waste; 2.95 kWh/m2 electricity. 
In order to refine the output values, the following data was incorporated considering proportions 
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of 16.9 kg/m2 cement, adopted according to Stachera Junior (2006); Metha & Monteiro (1994) 
gave the following basic composition: 14% blast furnace slag, 10% de calcium carbonate, 3% 
plaster and 73% clinkeer (54.7% limestone; 14.6% clay; 3.65% iron ore). Thus the input data for 
cement were: 2.37 kg blast furnace slag; 1.69 kg calcium carbonate; 0.51 kg plaster; 2.47 kg clay; 
0.62 kg iron ore; 11.83 kWh/m2 thermal energy; 1.69 kWh/m2 electricity. The energy data are 
based on Hernandes & Kaminski (2004), who considered 700 kcal/t of cement for thermal energy 
and 100 kWh/t of electricity. The first estimate in order to register output data was: 8.45 kg CO2; 
0.05 kg NOx; 0.02 kg SO2; 0.01 kg MP. 

To manufacture concrete block, the data input was the following: 85.6 kg/m2, considering the 
unit mass of 1.43 kg/dm3. It is known that 1 dm3 equals 10-3 m3. Thus, 1.43 kg/m2 is equivalent 
to 0.001 m3, and from this it can be concluded that 85.20 kg equals 0.06 m3/m2. For dredge ex-
traction, according to Cybis & Santos (2000), 100 m3 capacity was considered with a 120 km path 
and 1 km/liter of diesel. For a 40 km highway trip with a 4000 kg capacity truck with 3 km/liter 
fuel consumption, estimated fuel consumption was 13.3 liters, rounded up to 14 liters. Thus diesel 
consumption for transportation was 0.29 liters of diesel/m2. 

Crane capacity adopted was 12000 kg with fuel consumption of 18 liters/hour of diesel oil. 
12000 kg is equal to 18 liters, thus 85.2 kg results in 0.13 liters of diesel/m2. Following the same 
logic, 100 m3 equals 120 liters for the dredge, thus 0.06 m3 results in 0.07 liters of diesel/m2. Thus 
the consumption considered was 0.49 liters of diesel/m2. Diesel density adopted in this study was 
0.86 kg/liter, as in Stachera Junior (2006). For data output, the following estimated emissions val-
ues were found: 1.37 kg CO2; 0.03 kg CO; 0.09 kg CH4; 0.04 kg NOx; 0.11 g N2O and 1.55 g NMVOC. 

For clay extraction, 54.6 kg/m2 consumption was considered. The unit mass adopted was 1.35 g/cm3. 
Thus, if 1.35 g is used in 1 cm3, 54,600 g result in 0.04 m3/m2. According to Piquet (2006), the steps 
considered for aggregate production in a hard stone quarry were obtained utilizing the following 
technology: step removal; primary breaking; secondary breaking; exploded material loading; in-
ternal transport. To operate the mine, the data input considered are the following: primary drill-
ing with a 200 hp electric compressor consuming 0.38 kWh/t. Primary explosion and secondary 
breaking with a 1200 kg jackhammer coupled to a 20 t hydraulic excavator hydraulic (140 hp 
diesel motor) consuming 0.07 liter/t diesel consumption. Loading with a 35 t hydraulic excavator 
(250 hp diesel motor) with a 2.4 m3 bucket fixed to a rear arm; a mechanical wheeled-shovel-
type auxiliary machine with a 3m3 bucket and 200 hp diesel motor; estimated consumption was 
0.16 l/t. Internal transportation used a 30t off-road truck with a 7-minute cycle time and hourly 
production of 216t per truck; thus the calculated fuel consumption was 0.08 l/t as in Piquet (2006). 

Ceramic brick 

The following input data was used for ceramic brick: 130.26 kg clay, 0.26 kg water, 31.11 kg saw 
dust, 0.06 kg diesel oil and 0.3 kW electricity. Output data were: 53.58 kg evaporated water, 41.88 
kg carbon dioxide, 0.02 kg nitrogen dioxide, 0.5 kg carbon monoxide, 1.56 kg solid waste, with 93.7 
kg of final product (Soares & Pereira, 2004). 

Flow network scenarios in Umberto software 
From the data presented, a flow network was put together using Umberto software for ceramic 
brick and cement block. The network developed was compact because a detailed system doesn’t 
have to be developed in order to use the Umberto program. The detailing resource proceeds when 
the analysis of improvements for the environment and the interdependence between the processes 
in a production line are planned (Mondardo Filho & Muller-Beischimidt, 2004). For CDW block, the 
network was developed from the arrival of CDW at the plant through manufacture of CDW block. 

The material components of the life cycles of the agents involved in this study were input into 
Umberto software, defining the unit for each type of material separated into groups (work folders 
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in Umberto). These work folders were created for energy, emissions, raw materials, supply and 
other items. Then this study’s flow networks are presented. Three different scenarios were creat-
ed: the ceramic brick manufacturing scenario (Fig. 7); the concrete block manufacturing scenario 
(Fig. 8); and the CDW block manufacturing scenario (Fig. 9), this is a first approximation.

CDW processing, CDW block manufacturing, ceramic brick manufacturing and concrete block 
generating inventories were generated from these scenarios. For easier visualization, the Sankey 

Fig. 7 
Ceramic brick 
manufacturing 
scenario

Fig. 8 
Concrete block 
manufacturing 
scenario
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Entrance 

Entrance 

diagram is utilized as a card representing material flow. The flow quantities are shown by arrows 
with width proportional to mass or energy, this is being a first analysis.

Sankey diagrams for concrete block 
The Sankey diagram illustrates the great concentration of CDW material in the first phases of CDW 
processing. This occurs largely due to the type of processing employed by the plant in separating 

Fig. 9 
Processing/

manufacturing of CDW 
block scenario
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material in restricting the manufacturing area to semi-handmade CDW block manufacturing tech-
nology and the use of CDW for purposes other than that analyzed in this study, identified in pro-
cess T5, separation by color (Fig. 10). CO2 emissions result in a carbon footprint of approximately 
29 kg/m2 CO2, the equivalent of 44.46% o the emissions considered. For the critical energy flow, 
this occurs at T14, cement manufacture, with 42,154 KJ/m2, the sum of electrical and thermal 
energy expended. 

Fig. 10
Material – processing 
flow Sankey diagram 
for CDW and CDW block 
manufacturing
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Sankey diagrams for ceramic brick
In the Sankey diagram, note that in block manufacture, the critical energy flow is located in elec-
trical energy consumption, with 1080 kJ/m2 (Fig. 11). A stretch of the critical mass flow occurs 
in natural resource extraction for clay, with a total estimate of 159.86 kg/m2 of ceramic brick 
up to transition T1 (Shipping) (Fig. 11). The other stretch that also illustrates critical flow occurs 
between T1 and T2 (block manufacturing) with 161.37 kg/m2, which reflects the sum of the mass of 
the previous stretch, from extraction up to T1, plus 31.11 kg/m2 from sawdust supply (Fig. 12). For 
the objective drawn, the quantification of carbon footprint, there is a predominance of 41.88 kg of CO2 
emissions/m2, or values around 42 kg of CO2 emissions/m2. 

Fig. 12
Sankey graph for mass, 

ceramic brick

Fig. 11 
Sankey graph for 

energy, ceramic brick

Sankey diagram for concrete block 
From the Sankey diagram, note the critical energy flow (Fig. 13) is located in cement production 
with 48,672 kJ, followed by mixing and pressing with 10,620 kJ. In terms of percentage, the aver-
age measurement is 28.33% electrical energy and 71.67% thermal energy. 

For critical raw material flow (Fig. 14), process T6, mixing, stands out. Thus special attention 
should be given to this step of the process since remedial measures relating to the type of equip-
ment to use are welcome for the purpose of future proposals to improve the process and optimize 
production, which aren’t the objective of this article. 

For emissions, note the critical flow occurring at process T3, cement fabrication, followed by pro-
cess T5, transportation, with approximately 2.07 kg/m2 atmospheric emissions. 
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Fig. 14 
Sankey graph for 
mass, concrete 
block

Fig. 13
Sankey graph 
for energy, 
concrete block
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Comparison of “carbon footprint” 
From the comparison between inventories generated in the Umberto software, it can be verified 
that ceramic brick has the highest level of CO2 emissions, with 42 kg/m2, followed by CDW block, 
with 28 kg/m2 and concrete block with 12 kg/m2 of emissions. Therefore, concrete block remains 
the material with less environmental impact in terms of CO2 emissions. This study corroborates 
with Mastella (2002) in the statement that concrete block has less environmental impact. It agrees 
with the study of Koroneos & Dompros (2006), who also deal with ceramic brick manufacture, and 
attribute high environmental impact from CO2 emissions of production of this material. Although 
carbon footprint is a reality in the decision making process for construction materials for coun-
tries in the northern hemisphere, the fact that the raw material for manufacture of these blocks is 
non-renewable must be repeated. Uncontrolled extraction also has other environmental impacts 
and large-scale losses for the human being of future generations. 

For the manufacturing process of CDW blocks, note that in the steps where fossil fuel is used, it 
was responsible for increasing the CO2 emissions indices, and thus one alternative would be to 
substitute this fossil fuel for another of vegetable origin and thereby obtain another advantage for 
a CDW recycling program in Brazil (Biodiesel Brazil, 2009). 

The analysis made it possible to verify a substantial improvement in the rubble separation step, 
since this had a high critical flow in the first work steps of the recycling plant. For example, adding 
a dense liquid separation process to the facility would add value to the final product of the plant. 
Note that the index of impurities present in the CDW reception process is much higher than is 
allowed (10% impurities) by the Secretary of Urban Hygiene of Belo Horizonte, MG. The level of 
impurities found in this study was 21.34% of the total 5,621.7 kg CDW/m2. 

Also add to that the fact that separating CDW at the point of origin would significantly contribute 
to improving the final recycling process as well as recovering around 10% of the impurities per-
mitted in receiving CDW on the part of the processing plant. The measure of source separation 
substantiates Agopyan’s recommendations (2001). Another way to diminish the negative load 
incorporated into CDW block would be substituting Portland cement agglomerate for another with 
less environmental impact, according to Vlasopoulos (2008). Thus adopting mitigating measures 
for the recycled product analyzed could allow it to reach higher quality levels and let it compete 
more equally in terms of CO2 emissions with the manufacture of concrete block, in addition to not 
requiring raw material extraction. 

In this first approach to the production of the CDW block considered the industrial reality of Estoril 
plant in the city of Belo Horizonte, in Minas Gerais, Brazil, in 2008. Of this total received from CDW 
found the need of approximately 5621 kg of WC&D to produce 1 m2 of CDW blocks or equivalent 
to 114.71 kg/m2 blocks. The Sankey diagram (Fig. 10) shows a large concentration of material, 
“CDW” in the early stages of processing these Wastes. That overall amount disregarded is the 
reddish colored residue and only tapped the gray colored residue for the manufacture of this block. 
However, only 222.06 kg were effectively used in the manufacture of the residue block. The re-
maining 4206 kg it is the red colored residue, which is directed to other uses purposes not in the 
present study. Even as this red residue is not used for block manufacturing study.

This was largely due to the process of segregation of the material from the plant, the narrow 
semi-artisanal manufacturing plant manufacturing block with CDW, and the destination of this 
waste for purposes other than the subject of this study, identified in T5 process - separation by 
color (Fig. 10). 

As for CO2 emissions, it is resulted in a “carbon footprint” of approximately 29 kg/m2 of CO2, equiv-
alent to approximately 44.46% of emissions considered in this study (Surgelas, 2010).

As the comparison of CO2 emissions for block and brick manufacturing (Fig. 13). Obtained as a 

Conclusions
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“carbon footprint” reduced to the concrete block (12 kg/m2 CO2) in relation to the other CDW blocks 
of 28 kg/m2 of CO2 and the ceramic block 42 kg/m2 CO2. In that stage, this proved to be more 
advantageous to the extraction of raw materials directly from nature, for the manufacture of con-
crete block, because of its manufacturing process. This concrete block resulted in better perfor-
mance in relation to other blocks analyzed.

However, when opting for improvement in the processes used in the production of other CDW and 
ceramic blocks can reverse this situation, and from that obtain satisfactory results, or perhaps even 
reverse the final result. But for this to occur, interference and improvements in the production process 

The results obtained in this work, they can be used for strategic purposes, product information, 
and the operational level, tactical and managerial / strategic, as Ferreira (2004). Regarding the type 
of audience that is intended to give partial results are the technical meetings, technical journals, 
conferences, journals, among others related to the gym. Among the target audience are involved 
in decision making, engineers, architects, administrators, researchers from engineering, environ-
ment, climate area, management, management, cleaner production, among other researchers

Finally, these results could be useful in identifying and developing alternative technology with a 
low environmental impact, as well as the detailed analysis of the essential phases of each alter-
native. What would occur to a more sustainable clean production, socially, environmentally and 
economically more viable. This is a first approximation.

ReferencesAbreu, R. M.; Lopes, R. W.; Azrak, R.; Salvi, A. E. 
Blocos de vedação com entulho. 2nd International 
Workshop advances in clear production – Key Ele-
ments for Sustainable World: Energy, Water and Cli-
mate Chance, 2009.

Agopyan, V. Sobras que valem uma obra. Revista 
Téchne, São Paulo, n. 55, p. 58-62, out. 2001.

Alves, L. A.; Romio, B. S.; Paula E Silva, A. R. De; 
Dos Santos, G. R. Uma breve discussão do papel 
da gestão integrada dos resíduos de construção e 
demolição (RCD) para transformá-los em recursos. 
Universidade Federal do Rio Grande do Sul, Instituto 
de Geociências, Programa de Pós-Graduação em 
Geografia, Porto Alegre, RS, Brasil. 2016.

Angulo, S. C. Normalização dos agregados graúdos de 
resíduos de construção e demolição reciclados para 
concretos e a variabilidade. In: Encontro nacional de tec-
nologia do ambiente construído, 9., 2002, Foz do Iguaçu. 
Anais... Florianópolis: ANTAC, 2002. p. 1.613-1.624.

Angulo, S. C. Variabilidade de agregados graúdos 
de resíduos de construção e demolição reciclados. 
2000. 155 f. Dissertação (Mestrado em Engenharia) 
– Escola Politécnica, Universidade de São Paulo, 
São Paulo, 2000.

Angulo, S. C.; John, V. M. Determinação dos teores 
de concreto e argamassa em agregados graúdos de 
resíduos de construção e demolição reciclados. In: 
CONGRESSO BRASILEIRO DO CONCRETO, 43., 2001, 
Foz do Iguaçu. Anais... São Paulo: IBRACON, 2001.

Angulo, S. C.; Ulsen C.; Kahn H.; John V.M. Desen-
volvimento de novos mercados para a reciclagem 

massiva de RCD. V Seminário Desenvolvimento sus-
tentável e a reciclagem na construção civil. CT 206 
– IBRACON. São Paulo. 2002. Access via internet: 
<http://www.reciclagem.pcc.usp.br/ftp/NOVOS%20
MERCADOS%20RCD%20II.pdf>. Acess 03 Mar 09.

Bayer, C., Gamble, M., Gentry, R., Joshi, S., (2010). 
A Guide to Life Cycle Assessment of Buildings. The 
American Institute of Architects, p. 194.

Biodiesel Brasil. Vantagens do biodiesel, 2009. Ac-
cess via internet: <http://www.biodieselbr.com/
biodiesel/vantagens/vantagens-biodiesel.htm> 
Acess 10 Out. 2009.

Brasil – ministério da ciência e tecnologia (MCT). 
Primeiro inventário brasileiro de emissões antrópi-
cas de gases de efeito estufa – relatório de referên-
cia – 2006. Access via internet: <http://www.mct.
gov.br/index.php/content/view/17349.html> acess 
08 fev 2009.

Catapreta, C.A.A.; Pereira, J.C.; Almeida, A.H. Per-
formance evaluation of construction and demolition 
wastes recycling plants of Belo Horizonte, Brazil. 
XXXI CONGRESO INTERAMERICANO AIDIS. 2008.

Cybis, L. F.; Santos, C.V.J., artigo: Análise do ciclo de 
vida (ACV) aplicada à indústria da construção civil – 
estudo de caso. In: XXVII Congresso interamericano 
de engenharia sanitária e ambiental, 2000. Porto 
Alegre. Access via internet: <http://www.inge-
nieroambiental.com/info/ciclodevida.pdf> Acess 21 
Dez 2008.

Dosho Y. Sustainable concrete waste recycling. Pro-
ceedings of the Institution of Civil Engineers Con-



Journal of Sustainable Architecture and Civil Engineering 2017/2/19
90

struction Materials 161 Issue CM2 Pages 47–62 doi: 
10.1680/coma.2008.161.2.47. May 2008. https://doi.
org/10.1680/coma.2008.161.2.47

European Commission (EC). Management of con-
struction and demolition waste. 2000. Access via in-
ternet: <http://europa.eu.int/comm/enterprise/en-
vironment>. Acess: 15 sept. 2002. (DG ENV E.3). 2000.

European Commission (EC), Environment. Resource 
Efficient Use of Mixed Wastes. Construction and 
Demolition Waste management in Lithuania V2 – 
September, 2015. Access via internet: http://ec.eu-
ropa.eu/environment/waste/studies/deliverables/
CDW_Lithuania_Factsheet_Final.pdf

Ferreira, J. V. R. Análise de Ciclo de Vida de Produtos. 
Instituto Técnico de Viseu. 2004. 80 p.

Fukurozaki, S. H.; Seo, E. S. M. III-086 – Gerenci-
amento integrado de resíduos da construção civil 
no município de São Paulo: a atuação das áreas de 
transbordo e triagem. XI SILUBESA. 2004. Access via 
internet: <http://www.jararaca.ufsm.br./websites/
ces/download/S2-5.pdf > Acess 13 Jan 09.

Guine, J.B., et al. Handbook on Life Cycle Assess-
ment – Operational Guide to the ISO Standards. Klu-
wer Academic Publishers. Dordrecht/ Boston/ Lon-
don. 2002.

Hansen, T.C. Rilem report 6 – recycling of demolished 
concrete and masonry. London: E& FN SPON/Chap-
man & Hall, 1992. 305p.

Hendriks, C.F. The building cycle. Amsterdam: Aene-
as, 2000, 231 p.

Hendriks, C. F.; Hijkerk, A. A.; Vankoppen, A. E. O ciclo 
da construção. Ed. UNB. 2007. 250 p.

John, V.M. Reciclagem de resíduos na construção civil: 
contribuição à metodologia de pesquisa e desenvolvi-
mento. São Paulo, 2000. 102 f. Tese (Livre-Docência 
em Engenharia Civil) – Escola Politécnica, Universi-
dade de São Paulo, São Paulo, 2000.

JOHN, V. M. Desenvolvimento sustentável e recicla-
gem de resíduos. Seminário de construção suste-
ntável da Fundação Getúlio Vargas (FGV). São Paulo, 
21 jun 2005. Access via internet: <http://www.ces.
fgsp/arquivos/moacyrjohn.pdf> Acess Nov. 2008.

Kaklauskas, A. Analysis of the Life Cycle of the Built 
Environment: monograph. Nova: USA, 2016.

Konstantinavičiūtė, et al. Greenhouse gas emissions 
1990-2012. Lithuania’s national inventory report 
2014. Vilnius, 2014.

Kubilius, A; Kazlauskas G. Amending resolution no 
1160 of the government of the republic of Lithuania of 
11 september 2003 on the approval and implemen-
tation of the national strategy for sustainable devel-
opment. Resolution No 1247 of 16 September 2009. 
Government of the Republic of Lithuani. 2009.

Mastella, D. V. Comparação entre os processos de 
produção de blocos cerâmicos e de concreto para al-
venaria estrutural, através da análise do ciclo de vida. 
Dissertação (Mestrado em Engenharia Civil) – Curso 
de Pós-Graduação em Engenharia Civil, Universidade 
Federal de Santa Catarina. Florianópolis, 2002. 107p.

Mehta, P.; Monteiro, P. Concreto: estrutura, proprie-
dades e materiais. São Paulo: Pini, 1994. 573 p.

Miliūtė, J: STANIŠKIS, J. K. Analysis and Possibili-
ties for Improving the Lithuanian Construction and 
Demolition Waste Management System. Institute 
of Environmental Engineering, Kaunas University of 
Technology. 2006.

Ministry of Environment of The Republic Of Lithuania, 
the Lithuanian Environmental Protection Agency in 
accompany with the State Forest Service. Policies & 
Measures and Projections of Greenhouse Gas Emis-
sions in Lithuania. Vilnius. 2015.

Mondardo F., M.; Muller-Beilschmidt, P. Treinamento 
introdutório com Umberto: Modelagem do fluxo de 
materiais em uma cervejaria. Umberto. 2004.

O’connor, J., Bowick, M. Advancing sustainable de-
sign with life cycle assessment. Athena Sustainable 
Materials Institute. SAB Magazine. 2014.

Pinto, T. P. Metodologia para a gestão diferenciada de 
resíduos sólidos da construção urbana. 1999. 189 f. 
Tese (Doutorado em Engenharia) – Escola Politécni-
ca, Universidade de São Paulo, São Paulo, 1999.

Prado, M.R. Análise do inventário do ciclo de vida 
de embalagens de vidro, alumínio e PET utiliza-
das em uma indústria de refrigerantes no Brasil. 
Tese (doutorado) – Programa de Pós Graduação 
em Engenharia de Alimentos. Universidade Fed-
eral do Paraná (UFPR), Curitiba, 2007. Access via 
internet: <http://dspace.c3sl.ufpr.br/dspace/bit-
stream/1884/8804/1/TESE_MarceloReal Prado.pdf. 
Acess jul.2008.

Rocha, J.C.; Cheriaf, M. Aproveitamento de resídu-
os na construção. In: ROCHA, J.C.; JONH, V. M. (Ed). 
Utilização de Resíduos na Construção Habitacion-
al. Porto Alegre: ANTAC, 2003. Cap. 3. (Coletânea 
Habitare, V.4). Access via internet: <http://habitare.
infohab.org.br/pdf/publicacoes/arquivos/127.pdf> 
Acess 28 Nov 2009.

Santos, L. D. R. Influência da utilização de agrega-
dos de resíduos da construção e demolição nos 
parâmetros de absorção e resistência mecânica de 
blocos de concreto. CEFET, Minas Gerais. 2007.

Sant’Agostinho, L.M; Kahn, H. Metodologia para 
Caracterização Tecnológica de Matérias Primas Min-
erais. São Paulo: Universidade de São Paulo, 1997. 
29 p. (Boletim Técnico, PMI69)

Sinduscon -MG – sindicato da indústria da construção 
civil no estado de minas gerais. Alternativas Para a 



91
Journal of Sustainable Architecture and Civil Engineering 2017/2/19

Destinação de Resíduos da Construção Civil. 2ª Edição. 
Belo Horizonte: SINDUSCON-MG, 2008.84 p.

Soares, S. R.; Pereira, S. W. Inventário da produção de 
pisos e tijolos cerâmicos no contexto da análise do 
ciclo de vida. Revista ANTAC – Ambiente construído, 
Porto Alegre, v. 4, n. 2 – mai/jun, 2004.

Soutsos, M.; Millard, S.; Bungey, J.; Jones, N.; Tic-
kell, J.; Gradwell, J. Recycling demolition waste in 
building blocks. Proceedings of the Institution of Civil 
Engineers Engineering Sustainability 157, Issue ES3 
Paper 13760, 2005, Pag. 139-148

Symonds Group SA. Bow Centrum construction and 
demolition waste management practices and their 
economic impacts, DGXi, 1-4, 43-97, 1999. Access 
via internet: <http://europe.eu.int/comm/environ-
ment>. Acess 14 set. 2002.

Stachera Junior, T. Avaliação de emissões de CO2 na 
construção civil: um estudo de caso da habitação de 
interesse social no Paraná. Dissertação (mestrado), 
UTFPR, Curitiba, PR, 2006.

Stanikis, J. K. Rio+20: Towards the Green Economy 
and Better Governance. Kaunas University of Tech-
nology, Institute of Environmental Engineering, 2011.

Surgelas, F. M. A. Inventário do ciclo de vida do reves-
timento cerâmico e da pintura externa. Dissertação 
(mestrado), CEFET, MG, 2009. 186 p.

Surgelas, V. Inventário do ciclo de vida dos processos 
de produção do bloco cerâmico e bloco de resíduos 
de construção e demolição RCD: estudo de caso em 
Belo Horizonte. Dissertação (mestrado), CEFET, MG, 
2010. 145 p.

Takano, A., Winter, S., Hughes, M., Linkosalmi, L. 
Comparison of life cycle assessment databases: A 
case study on building assessment. Building and En-
vironment 79, 20-30. 2014. https://doi.org/10.1016/j.
buildenv.2014.04.025

Umberto. Reference list. Access via internet: <http://
www.ifu.com/export/download/u mberto_en/um-
berto_referencelist_en.pdf > Acess Setp 2008.

Vatalis, K. I., Manoliadis, O., Charalampides, G., Pla-
tias, S., Savvidis, S. Sustainability Components Af-
fecting Decisions for Green Building Projects. Proce-
dia Economics and Finance 5, 747-756. 2013. https://
doi.org/10.1016/S2212-5671(13)00087-7

Vlasopoulos, N. Revealed: The cement that eats 
carbon dioxide. 2008. Access via internet: <http://
www.guardian.co.uk/environment/2008/dec/31/
cement-carbon-emissions> Acess 19 Out 2009.

Vigon, B. W.; Tolle, D. A.; Cornary, B. W.; Lathan, H. C. C.; 
Harrison, L.; Bouguski, T. L.; Hunt, R. G.; Sellers, J. D. 
Life Cycle Assessment: inventory guidelines and prin-
ciples. Environmental Protection Agency – Risky Re-
duction Engineering Laboratory. Cincinnati, U.S, 1993.

Wong, S., Abe, N. Stakeholders’ perspectives of a 
building environmental assessment method: The 
case of CASBEE. Building and Environment 82, 
502-516. 2014. https://doi.org/10.1016/j.build-
env.2014.09.007

Zordan, S.E. A utilização do entulho como agregado, 
na confecção do concreto. Campinas. 1997. 140 f. 
Dissertação (Mestrado em Engenharia Civil) – Facul-
dade de Engenharia Civil, Universidade de Campinas, 
Campinas, 1997.

VLADIMIR SURGELAS

Professor

Civil Engineering, Architecture and Urbanism - 
University Paulista - UNIP, São Paulo, Brazil

Main research area 

Research of Sustainable Usage of Natural 
Resources in Engineering Systems of Active 
Building

Address 

96, Brasílio Machado Street, Príncipe de Gales, São 
Paulo, Brazil, CEP 09060-700
Tel. 55 (11) 9 7346 -7581
E-mail: dr.engenho@gmail.com

VIVIAN ACHAO SURGELAS

Student 

High School, Colégio São José, São Paulo,Brazil

Main research area 

Assistent

Address 

96, Brasílio Machado Street, Príncipe de Gales, São 
Paulo, Brazil, CEP 09060-700
Tel. 55 (11) 9 7346 - 7581

About the 
authors


