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ABSTRACT
As a developing country in the context of globalization, Vietnam is experiencing a 
boom in its economy, characterized by a rapid rate of urbanization nationwide. To-
gether with its benefits, this process also puts pressure on the environment, among 
which the increasing generation of construction and demolition waste (CDW) is an 
urgent issue. In this study, the authors conducted an in-depth investigation of var-
ious aspects in the generation and management of CDW in Vietnam. Firstly, part 
of the overall picture of CDW management in Vietnam was revealed in detail from 
the perspective of demolition contractors, one of the important stakeholders in the 
field. Their insights provide valuable information on current situation, practice, and 
attitude towards CDW recycling. Secondly, this paper reports the generation rate of 
different categories of materials from demolition sites of building structures in Ha-
noi, Vietnam, with the main focus on crushed concrete and crushed brick (CC-CB) 
and steel as they make up the majority of the generated waste. In order to achieve 
two mentioned goals, close contact was constantly kept with a key collaborator – a 
renowned demolition contractor in Hanoi throughout the investigation. The collabo-
rator provided proper introduction to enable interviews with various other contrac-
tors, together with information of buildings being dismantled.

1. INTRODUCTION
According to official statistics, the total amount of CDW 

generated in major cities in Vietnam is approximately 1.46 
to 1.92 million tons per year (MONRE, 2011). Together with 
the low recycling rate of only 1% to 2% (MONRE, 2011), this 
enormous and increasing source of solid waste is also 
ill-managed due to the lack of legislation, awareness, tech-
nology, and various other reasons. In various other coun-
tries, CDW has been studied and proven to be an effective 
substitute for natural materials. For instance, the first sys-
tematized research on CDW as aggregate for concrete 
was conducted in Germany soon after World War II (Nixon, 
1978). Should the main content of CDW (brick, concrete, 
metal, wood, etc.) be reused and recycled, it would not only 
be economical but also reduce pressure on the urban en-
vironment. The status of the annual CDW generation and 
treatment in some advanced countries is summarized in 
Table 1 to compare with the situation in Vietnam.

Various studies converge on the fact that CDW poses 
as one of the major concerns to the environment even in 
developed countries due to its enormous percentage in 

the total amount of solid waste. In the United States, 534 
million tons of CDW were generated in 2014 (EPA, 2016) 
which made up 67.4% of solid waste. Respective numbers 
in the EU-28 in 2016 were reported to be 924 million tons 
and 36.4% (Eurostat, 2018); whereas in China in 2013 were 
2.36 billion tons and 30-40% (Zheng et al, 2017; Huang et 
al, 2018). The topic of management of CDW has been in-
tensively studied in many countries. It is possible to men-
tion recent papers in European countries such as Germany 
(Hiete et al, 2011), Norwey (Bersgdal et al, 2007), Portugal 
(de Melo and Goncalves, 2011; Coelho and de Brito, 2012), 
Spain (Coronado et al, 2011; Mercante et al, 2012; Saez et 
al, 2013), Greece (Fatta et al, 2003; Banias et al, 2010); in 
Asian countries and regions such as China (Hu et al, 2010; 
Lu et al, 2011; Xiao et al, 2012; Jin et al, 2017), Hong Kong 
(Deng et al, 2008; Tam, 2011), Taiwan (Hsiao et al, 2002), 
Kuwait (Kartam et al, 2004), Malaysia (Hussin et al, 2013), 
Thailand (Koforowola and Gheewala, 2009; Luangcharoen-
rat et al, 2019); as well as in many others around the world. 
All countries strongly encourage recycling CDW as one of 
the sustainable solutions and some have achieved high re-
cycling rate as summarized in Table 1.
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The CDW situation in Vietnam is gradually getting 
worse with all existing research agree on an overall rising 
trend of the amount generated. Lockrey et al (2016) pro-
jected the total amount of CDW generated in 2020 in Vi-
etnam to be 6.3 million tons, and in 2025 to be 11 million 
tons. Inadequate management of CDW is causing Vietnam 
three major problems: illegal dumping, hazardous waste, 
and depletion of natural resources (Nguyen et al, 2018). 
In recent years, the Vietnamese government has enforced 
strong measures through the Ministry of Construction and 
Ministry of Natural Resources and Environment in order 
to realize the ‘National Strategy for Management of Solid 
Waste up to 2025, and Vision towards 2050.’ The men-
tioned strategy, issued by the Prime Minister, pursuant to 
Decision No. 2149/QD-TTg on 17 December 2009 states: 
“In 2025, the aim is recovering 90% of the amount of CDW, 
and recycling 60% of such amount”.

Literature review reveals that studies on CDW in Viet-
nam are limited in number, it is even possible to state that 
this is one of the new frontiers of research in the country. 
Statistics of CDW are available in periodic Reports on Na-
tional Environment by the Ministry of Natural Resources 
and Environment (MONRE), and serve as good referenc-
es for researchers. Naturally, CDW is grouped in the solid 
waste category, and sometimes is considered hazardous. 
Nguyen (2009) briefly touched CDW among the studied 
hazardous industrial waste. By summarizing existing 
knowledge, the paper presented an overall view of the sit-
uation in Vietnam including practices and regulations, and 
proposed a number of future directions for treating this 
general type of waste. Tong et al (2013) presented the ex-
perience of reusing and recycling CDW as recycled aggre-
gates for concrete in the world, and suggested employing 
this method for CDW in Vietnam. The authors compared 
studies of recycled aggregate concrete in various countries, 
and summarized data of important mechanical properties 
such as strengths, elastic modulus, and water absorption 
to give insights on its viability as a construction material 
in Vietnam. Also targeting the prospect of reusing and 
recycling CDW, Lockrey et al (2016) conducted a careful 
assessment on opportunities and challenges. The authors 
employed known data to project the total CDW generated 
in Vietnam and in Hanoi; a number of stakeholders (poli-
cy makers, Urban Environment Company, contractors) are 

then interviewed to analyze the CDW flow in Hanoi, current 
constraints to recycling CDW, and the stakeholders’ opin-
ion on the economic attractiveness of CDW. A thorough 
study by Nguyen et al (2018) presented an overall view of 
CDW management situation in Vietnam. Within the paper, 
a number of topics were discussed such as: CDW genera-
tion countrywide and trend, responsible stakeholders and 
current practice in managing CDW, legislations and regu-
lations on CDW, together with recommendations for sound 
CDW management in Vietnam. It is clearly observed that 
most existing literature mainly stopped at overview level, 
with the exception of Lockrey et al who provided some field 
data through interviews. An in-depth view on the complicat-
ed state of CDW management in Vietnam is rather lacking. 

This paper intends to shed further light on such situa-
tion by attempting to achieve two objectives. First, to gain 
an overall understanding of demolition contractors in the 
two largest cities – Hanoi and Ho Chi Minh City (HCMC). 
Being one of the important stakeholders in the CDW man-
agement process, they can reveal the practices, aware-
ness, and feasibility of CDW recycling in Vietnam. Second, 
to come up with an estimation of waste generation rate 
from demolition of structures in Vietnam (case study in 
Hanoi). This value can effectively aid in future projection 
of demolition waste by relating it to construction rate. An 
important clarification must be made between “construc-
tion waste” (CW – generated from new constructions) and 
“demolition waste” (DW – from dismantling or renovating 
old constructions) in the context of Vietnam in order to 
specify the scope of this study. It is later found out through 
interviews that most demolition contractors also operate 
in the field of construction, and many of them accept to 
transport both CW (hired by construction contractors) and 
DW (from their own demolition sites) since they possess 
the necessary equipment. Hence, the first objective of this 
study targets both CW and DW. The second objective, how-
ever, only targets DW from dismantling buildings in Hanoi.

2. RESEARCH METHODOLOGY
It was fully acknowledged that to sketch a clear pic-

ture of CDW situation in the two largest cities of Vietnam, 
the party that directly involves in the process of handling 
CDW – namely demolition contractors – must be reached 
out for. This approach was also maintained in the obtain-

S/N Country Year of data Amount of CDW
(Million tons/year)

Recycled percentage
(%) Source

1 Japan 2012 72.69 96 MLIT (2017)

2 Korea 2009 67 36 Bansal and Singh (2014)

3 Germany 2012 89 85 Deloitte (2017)

4 France 2012 76 93 Deloitte (2017)

5 United Kingdom 2012 47 70 Deloitte (2017)

6 Italy 2012 40 79 Deloitte (2017)

7 Spain 2012 28 98 Deloitte (2017)

8 Netherlands 2012 26 83 Deloitte (2017)

9 Vietnam 2009 1.5-1.9 1-2 MONRE (2011)

TABLE 1: Estimated amounts of CDW generated and recycled percentage in some countries including Vietnam.
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Therefore, interviewees are identified by a code number. 
There is no association with the code number and the se-
quence of appearance of contractors in the data statistics.

The set of interview questions were designed to target 
three main areas of information:

• Basic information on contractors: number of employ-
ees, fields of operation, experience in the demolition 
business, and average number of demolition contracts 
per year;

• Awareness of CDW policies in Vietnam; and
• Challenges in implementing compulsory classification 

of all CDW.

2.2 Methodology for quantifying CDW
2.2.1 Overview of different methods to quantify CDW

An in-depth and thorough study by Wu et al. (2014) 
summarized the main groups of methods to quantify CDW 
as presented in Table 2.

It is noted that the amount of CDW in groups of meth-
ods 2 and 3 can be determined either by performing a 
quantity survey on as-built drawings, or by requesting it 
from contractors.

Methods in group 1 have the advantage of being easily 
visualized and specific; the shortcoming, however, is that 
they only produce raw data. The second group of methods 
(GRC) is also the most popular among researchers as it pro-
vides CDW generation per unit (whether per capita, or dol-
lar, or square meter) which can be compared, contrasted, 
and conclusions drawn from. Groups of methods 3, 4, and 
5 are relatively modern and require a rather complete da-
tabase on the building (group 3) or the CDW management 
system as a whole (groups 4 and 5), which can be challeng-
ing to conduct in developing countries such as Vietnam.

2.2.2 Proposed method of survey
Considering the real scenario in Vietnam, the authors 

adopted a combination of the indirect measurement meth-
od (SV group) and the area-based calculation method (GRC 
group). These two methods complement each other well 

ment of building structures to be surveyed in the quantifi-
cation of DW. To attain the two intended targets specified 
in previous section, the authors made a complete list of 
demolition contractors in Hanoi and HCMC, and kept close 
contact with them throughout the course of the study. Field 
methods such as interview or survey were then employed 
to collect data from such party. One particular contractor 
in Hanoi was also identified as key collaborator and intro-
duced the authors to survey various demolition sites. This 
step was the most crucial to the success of this study 
since the CDW business in Vietnam in general, and in Hanoi 
in particular, is rather complicated. Normally, it is challeng-
ing to gain access to demolition sites since all contractors 
are extremely cautious. Only with the introduction of a re-
nowned contractor were the authors allowed to conduct 
site visits and ask further data and information.

2.1 Interview methodology 
Face-to-face interviews were conducted with a total of 

46 demolition contractors currently operating in the two 
largest cities in Vietnam, Hanoi and HCMC. There were 29 
contractors in Hanoi and 17 in HCMC who agreed to be in-
terviewed, the number of employees among which ranged 
from several dozen to approximately two hundred. The 
companies participate in a wide range of activities as will 
be shown in the subsequent results and discussion part of 
this paper; however, they are directly involved in demolish-
ing structures, and/or transporting CDW, and/or collecting 
and treating CDW.

The contractors were first contacted by email and tele-
phone to set up meetings. Interviews in Hanoi were carried 
out continuously from March 2018 through January 2019; 
while those in HCMC were conducted in December 2018. 
Because of the complicated nature of the demolition busi-
ness in Vietnam, an agreement was reached with the inter-
viewees, in which the two basic codes of conduct are:

• Results collected in the interview is to be used for re-
search purposes only; and

• Identities of interviewees are kept confidential.

S/N Group of method Method Description

1 Site Visit – SV
Direct measurement Calculate CDW stockpile by geometry

Indirect measurement Record number of transport trucks

2 Generation Rate Calculation – GRC

Per-capita multiplier Amount of CDW ÷ Population
Unit: kg/capita/year

Financial value extrapolation Amount of CDW ÷ Building value (USD)
Unit: kg/USD

Area-based calculation Amount of CDW ÷ Gross Floor Area (m2)
Unit: kg/m2

3 Lifetime Analysis – LA
Building LA Amount of CDW ÷ Building age (year)

Unit: kg/year

Material LA Amount of CDW ÷ Material age (year)
Unit: kg/year

4 Classification System Accumulation – CSA Based on GRC, considering effects of the classi-
fication system

5 Variables Modelling – VM Model the CDW generation process by a func-
tion of influencing factors

TABLE 2: Groups of methods to quantify CDW.
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among which two companies (Bắc Quân and Tài Lợi) spe-
cialize only in transporting CDW. The manpower distribu-
tion of these contractors is displayed in Figure 2.

In HCMC, 16 out of 17 demolition contractors simul-
taneously take on construction works, and seven of them 
also transport CDW. The manpower distribution of HCMC 
demolition contractors is shown in Figure 3.

In Vietnam, there are no professional demolition con-
tractors. Interviewees from some companies revealed that 
they also operate in non-engineering fields such as interior 
design (HN-25), importing beverages (HN-11), or selling air 
tickets (HCMC-04).

Compared to Hanoi, the number of demolition con-
tractors in HCMC is significantly less. This was confirmed 
by interviewee HCMC-10 as he explained: “Small demoli-
tion works in HCMC are carried out by individual groups 
of workers, who do not bother to register a company as 
Southerners work quite casually”.

From the manpower distribution graphs, it is noted as 
follows:

• The overall trend is that demolition contractors have a 
low number of engineers (0-7) and many fewer perma-
nent workers than temporary workers (average ratio is 
1:2 to 1:4);

• The only two companies that have low numbers of 
temporary workers are Bắc Quân and Tài Lợi, as they 
specialize in transportation of CDW, and thus hire only 
permanent truck drivers;

• Companies that also take on construction consultation 
work (Dr. House, Bắc Việt, and Thăng Long in Hanoi, 
and ITSCO 68 and Hoàng Gia in HCMC) have more en-
gineers (15-20).

Many of the surveyed contractors have had more than 5 
years of experience in the demolition field (28 out of 49, ac-
counting for 57.14%). The number of demolition contracts 
that they take on per year varies widely from 20 to 200. 
From the data collected, it can be estimated that there are 
1500-2000 buildings (large and small) being demolished 
in Hanoi annually. In HCMC, there are approximately 900 
large works demolished per year. These numbers are also 
increasing with the urbanization of Vietnam. Hence, it is 
crucial that CDW management strategies are formulated 
and implemented to control such pressure on the urban 
environment.

since they ensure the provision of specific and precise 
amounts of DW together with comprehensive per square 
meter data.

In the first step of the procedure, the gross floor area 
(GFA) of each building was determined by direct measure-
ment on site and verification with information from as-built 
drawings.

Throughout the demolition process, DW generation 
was monitored closely. The authors aimed at two main cat-
egories of DW, CC-CB and steel. Let the total bulk volume 
of CC-CB after being crushed to separate reinforcing steel 
be , this volume is then treated in two ways:

• A major portion is transported to landfills, denoted; and
• Another portion is employed as backfilling material on 

site, denoted .

Volum is determined by recording the number and type 
of transport trucks, and was used for calculating the gen-
eration rate of CC–CB as it is the portion of DW that is dis-
carded, and hence exerts pressure on the environment.

Volume V1 is converted into mass by multiplying it with 
the bulk density of CC–CB, (Mália, 2013):

  (1)

The generation rate of CC–CB is then calculated by the 
following formula:

  (2)

Because steel (as well as other metals) is always sep-
arated for scrap sale, its mass can be easily obtained. The 
steel generation rate, therefore, can be determined as fol-
lows:

  (3)

A few photos illustrating the procedure of the survey 
method are shown in Figure 1.

3. RESULTS AND DISCUSSION ON CDW MA-
NAGEMENT IN VIETNAM
3.1 Scale and business of demolition contractors in 
Vietnam

Among the 29 demolition contractors in Hanoi, 26 also 
operate in the field of construction; 15 also transport CDW, 

FIGURE 1: Survey of CDW generation (a) Determining GFA; (b) Scrap buyers measuring the amount of aluminum; and (c) Counting the 
number of CC–CB transport trucks.
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The interviewees were also asked for their opinions 
on current legislations on CDW in Vietnam; in particular: 
Are current regulations 1) Easy to follow, 2) Appropriate, 
3) Economically efficient, and 4) Necessary. The answers 
were ranked on five levels, from totally disagree to totally 
agree. By adopting fuzzy logic theory, linguistic variables 
were converted into numerical values (Zimmermann, 2001) 
with the scale as shown in Figure 4 for data analysis.

The results of interviews are presented in Table 4. It is 
obvious that demolition contractors in Vietnam are neutral, 
even tend to disagree with the first three items because 

3.2 Awareness of CDW policies
Currently in Vietnam, there is a set of legal documents 

regulating solid waste management in general, some of 
which have attempted to include CDW in their scopes; a 
summary of these documents can be seen in Table 3 
(Nguyen et al., 2018).

Among the items in Table 3, Circular No. 08 directly 
aims towards CDW, and it is expected to be closely related 
to the operation of demolition contractors. However, 100% 
of interviewees were unaware of any legal document on 
CDW management, let alone Circular No. 08.

FIGURE 2: Scale of manpower of demolition contractors in Hanoi.

FIGURE 3: Scale of manpower of demolition contractors in Ho Chi Minh City.
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they have not even heard of such regulations. To quote 
interviewee HN-21: “Having practiced in this business for 
over 15 years, the process of demolition is totally depend-
ent on our experience. Previously, up until the early 2000s, 
Hanoi did not plan a CDW dumping site; only recently there 
are several sites designated for this purpose, but they are 
very quickly filled up. We have to maintain an internal net-
work among ourselves to share information of any lake or 
any idle construction project site that the owner wants to 
be backfilled or leveled.” However, with a high level of con-
sensus, demolition contractors in both cities highly agreed 
that regulations must be implemented so that CDW is man-
aged and recycled properly.

3.3 Challenges in implementing compulsory classi-
fication of all CDW

When asked about their interests in CDW recycling, all 
interviewees were enthusiastic, and acknowledged that it 
is an inevitable trend. Interviewee HN-05 stated: “We hear 

that Hanoi used to have a project sponsored by Germany to 
recycle CDW, even a crushing machine was bought to run 
pilot tests. It is a pity that the project has not yielded any 
visible results.” In HCMC, interviewee HCMC-10 stated: “We 
have been looking forward to the prospect of CDW recy-
cling, and we will be more than willing to cooperate should 
such an operation go into action.”

Nevertheless, in order to recycle CDW, it must first be 
sorted into different categories. This extra step may chal-
lenge demolition contractors in quite a number of aspects. 
The authors gave all interviewees a list of nine possible dif-
ficulties, both subjective and objective, that they would po-
tentially face when the procedure of classifying all CDW is 
implemented. Each difficulty was assessed by demolition 
contractors on five levels, from virtually no challenge to the 
most challenging. These linguistic variables were then pro-
cessed with the employment of fuzzy logic with a scale as 
displayed in Figure 5.

In Table 5, challenges are ranked from 1 (highest nu-
merical value – the most challenging) to 9 (lowest numeri-

TABLE 3: Vietnamese legal documents relevant to CDW management.

S/N Type and name of document Year of approval

Lawsuit

1 Law on Construction 2014

2 Law on Environmental Protection 2014

3 Law on Urban Planning 2009

4 Law on Public Investment 2014

Decree

5 Decree No. 59/2007/ND-CP on Solid Waste Management 2007

6 Decree No. 12/2009/ND-CP on Management of Investment Projects on the Construction of Works 2009

7 Decree No. 38/2015/ND-CP on the Management of Waste and Discarded Materials 2015

8 Decree No. 59/2015/ND-CP on Construction Project Management 2015

Circular and Joint Circular

9
Circular No. 29/1999/QD-BXD on Promulgating the Regulations of Environmental Protection Applied for the Construc-
tion Sector

1999

10
Circular No. 10/2000/TT-BXD on Guiding the Elaboration of Reports on the Assessment of Environmental Impacts for 
Construction Planning Projects

2000

11 Circular No. 01/2011/TT-BXD on Guiding the Strategic Environmental Assessment in Construction and Urban Plans 2011

12 Circular No. 08/2017/TT-BXD on Regulation on Construction Solid Waste Management 2017

13
Joint Circular No. 01/2001/TTLT-BKHCNMTBXD on Guiding the Regulations on Environmental Protection for the Selec-
tion of Location for, and the Construction and Operation of Solid Waste Burial Sites

2001

Vietnamese Standard

14 TCVN 6705: 2009 Ordinary Solid Waste – Classification 2009

15 TCVN 6706: 2009 Hazardous Solid Waste – Classification 2009

16 TCVN 6707: 2009 Prevention and Warning Signs for Hazardous Waste 2009

17 TCVN 6696: 2009 Requirements for Environmental Protection for Sanitary Landfills 2009

FIGURE 4: Linguistic variables of level of agreement.
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cal value – the least challenging). If there is more than one 
challenge with the same score, they will share a common 
rank number. It is observed that the following four challeng-
es are at the top ranking by the assessment of contractors 
from both cities:

• Cost increase;
• Time consumption;
• Lack of legal guidelines; and
• Lack of post-demolition treatment facilities.

Among these four, the first two are subjective and have 
a close relationship to each other (cost – time). The other 
two are objective and need special attention by policy mak-
ers as well as researchers to enable such conditions.

4. RESULTS AND DISCUSSION ON GENERA-
TION OF DEMOLITION WASTE, A CASE STU-
DY IN HANOI, VIETNAM
4.1 General information of surveyed buildings

Applying the survey method described in the previous 
section, the authors surveyed DW quantities at a total of 

nine structures being demolished in Hanoi. The demolition 
works occured from October 2018 to March 2019. Informa-
tion on nine buildings is presented in Table 6 including the 
age, function, and site area. It is necessary to distinguish 
between site area and GFA, since a building may have mul-
tiple floors; moreover, the ground floor area may be smaller 
than the site area. In this current study, all nine buildings 
had similar structural features: a reinforced concrete (RC) 
frame with brick walls.

Each building was designated with a unique ID for ease 
of reference from this point onwards.

4.2 Typical flow of demolition work in Hanoi, Viet-
nam

Through daily visits to demolition sites as well as 
through discussions with site managers, the authors are 
able to summarize a typical procedure for demolishing 
buildings, as illustrated in Figure 6. It was confirmed by all 
site managers that this flow of work is typical and is a com-
bination of manual and machine demolition.

The first phase of demolition involves removal of interi-
or mechanical, electrical, and plumbing (MEP) components, 

TABLE 4: Opinions of demolition contractors on current legislations on CDW in Vietnam.

S/N Inquiry
Opinions of demolition contractors in Hanoi Opinions of demolition contractors in HCMC

Numerical value Translation into opinion Numerical value Translation into opinion

1 Ease of following 0.47 Neutral 0.47 Neutral

2 Appropriation 0.52 Neutral 0.50 Neutral

3 Economic efficiency 0.35 Neutral, slightly disagree 0.35 Neutral, slightly disagree

4 Necessity 0.78 Agree 0.81 Agree

FIGURE 5: Linguistic variables of level of difficulty.

S/N Challenge
Demolition contractors in Hanoi Demolition contractors in HCMC

Numerical value Ranking Numerical value Ranking

1 Cost increase 0.60 3 0.40 3

2 Manpower shortage 0.41 7 0.32 5

3 Time consumption 0.56 4 0.43 2

4 Lack of skill and technology 0.42 6 0.26 7

5 Lack of machinery 0.34 9 0.29 6

6 Limited site area 0.41 7 0.25 9

7 Lack of legal guidelines 0.78 2 0.65 1

8
Lack of post-demolition treatment 
facility

0.81 1 0.40 3

9 Lack of awareness of workers 0.46 5 0.26 7

TABLE 5: Ranking of challenges in implementing compulsory classification of all CDW by demolition contractors in two major cities of 
Vietnam.
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interior furniture, doors and windows, and – in some build-
ings – cladding structures. Most items were salvaged by the 
previous owner (in case of a private house) or by employees 
who used to work in that office, as this is a common prac-
tice in Vietnam. Cladding may consist of metal components 
(aluminum or steel) and glass panels that can also be sal-
vaged. Some photos in this phase are presented in Figure 7.

During phase 2, workers use handheld tools to manu-
ally demolish slab panels and some structural members 
(Figure 8). Slab panels are demolished from bottom to top 
so that materials from upper floors can fall through. Mem-
bers at the edge are removed first so that this part of the 
building is separated from adjacent structures, hence min-

imizing the effects (Figure 9).
Subsequently, heavy machines are deployed on the site 

to gradually demolish the rest of the building from top to bot-
tom. During this process, water is sprayed continuously at high 
pressure from a hose to reduce the amount of dust (Figure 10).

Among DW generated from buildings, reinforcing steel 
has resale value. Thus, it is always separated from RC slabs, 
beams, and columns and then cut into smaller pieces using 
oxyacetylene cutting torches (Figure 11). CC-CB exists in a 
mixed state, sometimes even with other materials such as 
wood, plastic, gypsum, etc., and is transported out of the 
demolition site by trucks. DW transportation occurs in the 
time frame of 21:00–24:00 daily.

S/N
Name of building

(ID)
Year of com-

pletion
Age of building

(years)
Building function

Type of structure
(Number of floors)

Site area
(m2)

1
Thikeco Office
(OFC-01)

1967 51 Office
RC frame

(04)
846

2
Office at 177 Trung Kinh
(OFC-02)

2004 15 Office
RC frame

(04)
1490

3
Office of Vietnam Women’s As-
sociation
(OFC-03)

1985 33 Office
RC frame

(05)
2583

4
Ngo Sy Lien Secondary School
(SCH-01)

1962 56 Institution
RC frame

(05)
2728

5
Apartment Building at 93 Lang Ha
(APT-01)

1987 33 Apartments
RC frame

(05)
5519

6
No. 1 Truong Chinh
(PVT-01)

2004 15 Private house
RC frame
(02 + ½)

29.76

7
No. 104 Son Tay
(PVT-02)

2007 12 Private house
RC frame

(04)
58.9

8
No. 154 Tan Trieu
(PVT-03)

2001 18 Private house
RC frame

(03)
263

9
No. 52-54 Doi Can
(PVT-04)

1989 30 Private house
RC frame

(01)
318

Source: As-built portfolio, in conjunction with field observation and measurement

TABLE 6: General information on surveyed buildings in Hanoi, Vietnam.

FIGURE 6: Typical flow of demolition work in Hanoi, Vietnam.
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4.3 Summary of raw data and economic value of de-
molition works

Data of generated DW by category is summarized in Ta-
ble 7, including CC-CB, steel (reinforcing steel, as well as 
other sources), aluminum, glass, and wood.

In Table 7, the economic value (EV) is determined as 
follows:

• The demolition cost in Vietnam is calculated by volume, 
and the unit price is 250,000 VND/m3;

• Only the volume of CC–CB is employed for calculating 
the demolition cost because it makes up the bulk of the 
DW volume;

• The transportation fee of CC–CB is 40,000 VND/m3.

The economic value of CC–CB, therefore, is:  

(4)

Steel is sold at 12,000 VND/kg, while aluminum is sold 
at 30,000 VND/kg. Hence, the economic value of these two 
types of metal can be calculated by:

  (5)

The economic value of the demolition work:

  (6)

4.4 Generation rate of DW from surveyed buildings
Applying the formula presented in the previous section, 

FIGURE 7: Removal of (a) sanitary ware; (b) interior furniture; (c) and (d) aluminum façade at OFC-01.

( )− −
 = × −  CC CB CC CBEV V 250,000 40,000      VND

 = × + ×  metal S AEV m 12,000 m 30,000     VND

−
 = +  CC CB metalEV EV EV      VND

(a)

(b)

(c) (d)
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FIGURE 8: (a) Demolition by handheld tool; and (b) A worker manually pulling down an RC column.

FIGURE 9: (a) Hole for CDW to fall through; and (b) Edge slab panels demolished.

(a) (b)

(b)(a)
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the authors determined the generation rate of two main 
types of DW from buildings: 1) CC–CB; and 2) steel. De-
tailed results are displayed in Table 8. Generation rates per 

unit floor area of CC–CB, and of steel are also visualized 
in the form of column charts in Figure 12 and Figure 13 
(respectively).

FIGURE 10: Machine demolition at (a) OFC-01; and (b) SCH-01.

FIGURE 11: Reinforcing steel being separated and recollected.

(a) (b)
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For structures that generate aluminum, its generation 
rate can be calculated by a similar formula:

  (7)

Subsequently, the generation rate of DW from surveyed 
buildings can be obtained by summing the three values of 
GCC-CB, GS, and GA . GDW as displayed in Figure 14.

  (8)

In terms of the scale of the structure, it is clearly seen 
that large buildings (GFA of 2000 square meters and above) 
generate much less CC-CB per unit area than private hous-
es (GFA usually less than 1000 square meters). The rea-
son is that large-scale structures have longer spans, thus 
reducing the density of RC frame members. Furthermore, 
because these buildings function as an office or school, 
temporary partition walls are often employed in contrast 
with the permanent brick walls of small houses. However, 
the steel generation rate of large-scale structures is sig-
nificantly higher than that of small-scale structures due to 
the fact that their significance requires a design with much 
more reinforcing steel content.

It is also noted that APT-01 possesses a CC-CB genera-
tion rate higher than that of other large-scale buildings (al-

most double) but still much lower than that of small hous-
es. Therefore, it is possible to deduce that building function 
also affects the DW generation rate.

Considering the effect of building age, one can observe 
the generation rate of steel from three office buildings. It is 
obvious that the two recent RC offices were designed with 
less steel content than the one built in the 1960s (roughly 
25% reduction). This reflects a change in the design stand-
ard, and even construction materials (old material versus 
new).

Finally, the chart of the total DW generation rate close-
ly resembles that of CC-CB because it is the dominant 
category of DW in buildings. For offices, varies slightly at 
around 0.41 tons/m2 (standard deviation equals 0.026), 
whereas for private houses, fluctuates widely with a mean 
value of 1.39 tons/m2 (standard deviation equals 0.211).

5. FURTHER DISCUSSIONS ON FINDINGS OF 
THE INVESTIGATION

Through interview, it is revealed that there is no special-
ized license for demolition work in Vietnam. All contractors 
who registered license for construction work are also al-
lowed to dismantle structures. Moreover, Vietnamese dem-
olition contractors are currently relying on experience and 

TABLE 7: Amount of DW generated from surveyed buildings in Hanoi by category and estimated economic value.

S/N ID
Days of 

demolition
(days)

CC–CB
(m3)

Steel
(ton)

Aluminum
(kg)

Glass
(m2)

Wood
(m3)

Economic value
(mil. VND)

1 OFC-01 23 900 250 1062 338 - 3220.86

2 OFC-02 37 1260 230 - - - 3024.6

3 OFC-03 32 1500 315 - - - 4095

4 SCH-01 38 4200 1450 - - - 18282

5 APT-01 70 6520 1050 - - - 13969.2

6 PVT-01 02 140 0.48 - - - 35.16

7 PVT-02 09 435 1.72 72 20 - 117.51

8 PVT-03 09 920 3 238 - - 236.34

9 PVT-04 04 500 1.1 240 - 20 125.4

Source: Field observation, and interview with informant on-site

S/N ID
GFA
(m2)

CC–CB
GS

(kg/m2)
GA

(kg/m2)
GDW

(ton/m2)mCC–CB

(tons)
GCC–CB

(kg/m2)

1 OFC-01 2392 747 312.29 104.52 0.44 0.42

2 OFC-02 2960 1045.8 353.31 77.70 0.00 0.43

3 OFC-03 4120 1245 302.18 76.46 0.00 0.38

4 SCH-01 9767.5 3486 356.90 148.45 0.00 0.51

5 APT-01 9030 5411.6 599.29 116.28 0.00 0.72

6 PVT-01 74.4 116.2 1561.83 6.45 0.00 1.57

7 PVT-02 235.6 361.05 1532.47 7.30 0.31 1.54

8 PVT-03 684 763.6 1116.37 4.39 0.35 1.12

9 PVT-04 318 415 1305.03 3.46 0.75 1.31

TABLE 8: Generation rate of DW from surveyed buildings in Hanoi.

 =  
2A

A

m
G      kg / m

GFA

−
 =  

2
DW CC CB S AG G +G +G      ton / m
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personal network to carry out the work rather than proper 
guidelines and official associations. Being a separate type 
of work than construction and knowing the practice in coun-
tries such as Japan – where demolition contractors need to 
apply for a specialized license, it is possible to deduce that 
the management of CDW in Vietnam is unprofessional and 
lacking. This fact agrees with the low awareness of demoli-
tion contractors of current legislations on CDW, as the reason 
is simple: when operating a business based on experience 
and personal network, there is no need for legal document.

Many interviewees showed interest in the prospect of 
reusing and recycling of CDW (mainly CC–CB, as metal 
components are already making profit) and realized the 
economic attractiveness of this alternative. Currently, for 

FIGURE 12: Variation of generation rate of CC–CB from surveyed demolition in Hanoi.

FIGURE 13: Variation of generation rate of steel from surveyed demolition in Hanoi.

every cubic meter of CC-CB, contractors have to pay a fee 
to dump their trucks (Section 4.3 explained in detail the cal-
culation of EV). Furthermore, they are supposed to dispose 
CDW at official landfills specified by the authority (Hanoi 
People’s Committee) which are limited in number, and are 
always filled up rather fast. Hence, they have to constantly 
look for new landfills (private ponds that need backfilling, 
or abandoned paddy fields…), or have to finally resort to 
illegal dumping. Should CC-CB is recycled, demolition con-
tractors can sell it to the facility for additional profit while 
at the same time, they no longer have to worry about dump-
ing sites. Therefore, despite “Cost increase” is ranked first 
in the list of challenges in implementing classification of 
CDW, demolition contractors are willing to adopt the ad-
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ditional process of sorting. This is a concrete evidence to 
support the opportunites in recycling CDW mentioned in 
previous studies (Lockrey et al, 2016; Nguyen et al, 2018).

Case study in Hanoi enabled the authors to summarize 
the typical flow of demolition work, as well as the values of 
DW generation rate per square meter of GFA for two types 
of buildings: office and private house. This data could serve 
as an effective mean to predict the amount of DW generated 
prior to demolition of buildings of similar types. Combined 
with the data of new construction available at Departments 
of Construction of cities (new construction works must be 
registered with the authority, in which GFA is clearly indicat-
ed), it is potentially possible to project a good estimation 
of DW in the future. This provides an additional approach 
to the conventional mean of projection by statistical data 
and growth that are being applied by existing literature.

Compared to a number of neighboring countries, simi-
lar studies on the management and generation of CDW, as 
well as the feasibility of recycling and its economic attrac-
tiveness have been conducted much earlier. In China for in-
stance, although dumping CDW at landfills is still the most 
popular solution due to its simplicity and low cost, it has a 
potential to cause serious hazards such as the regretable 
incident in Shenzhen, Southern China in December 2015 
where a landslide due to ill-management of dumped CDW 
resulted in 73 deaths (Yang et al, 2017). Therefore, the cen-
tral government has been encouraging research on CDW 
and promoting the recycle of CDW into construction mate-
rials (Xiao et al, 2012). It is strongly advisable that Vietnam 
adopt similar policies and strategies in CDW management 
in order to minimize the effect of this type of solid waste 
on the environment.

6. CONCLUSIONS
The paper provides insights into the CDW management 

situation and practices in Vietnam by conducting inter-

views with those who are directly involved in such a system 
– demolition contractors. The investigation first confirmed 
an alarming increment in the number of demolition works. 
Secondly, it was revealed that the legislation on CDW in Vi-
etnam is not only lacking, but also ineffective. A feasible 
procedure to monitor and estimate DW generation was pro-
posed and implemented with nine structures being demol-
ished in Hanoi to quantify the amount of DW. The results 
yield promising remarks on the relationship between the 
generation rate and those three factors. Last but not least, 
data collected from the quantification survey is also crucial 
in establishing strategies to effectively manage CDW. Fu-
ture studies may involve strategies for recycling CDW, ap-
plications of recycled CDW, feasibility study and business 
model of producing recycled materials from CDW, expan-
sion of DW generation rate into a thorough study to cover 
CW and even more types of structures in Vietnam.
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