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ABSTRACT
The brick-kiln (BK) sector in Nepal is largely an informal sector. This study investigated the influence of
working and living conditions (WLCs) in BKs on productivity at two levels – BK level and workers’ level
– using primary data collected from 781workers and 80 BK entrepreneurs in 12 districts of Nepal. WLCs
were assessed based on the provision of nine amenities to workers at BKs. Correlation and regression
analyses revealed thatWLCs have a positive influence on both BK level as well as workers’ level produc-
tivity. Moreover, large BKs with better investment in zig-zag technology and mechanization are more
likely to spend on improving WLCs than small BKs, who are reluctant to invest in WLCs due mainly to a
lack of financial resources. The study suggests an integrated approach emphasizing equally improved
WLCs and cleaner technology in the BK sector to transform it into a healthier and socio-environmentally
responsible industry.
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1. Introduction

In Nepal, the brick-kiln (BK) sector remains an informal sector
with very few government regulations in place, despite the ris-
ing importance of this sector in response to the growing pop-
ulation and the rapid urbanization rate [1]. Around one-fifth of
the country’s population is already living in urban areas, and
this proportion is likely to increase sharply in coming years [2].
In urban areas, housing demand has driven up the demand for
bricks as more and more housing constructions are underway
[2]. A recent change in the governance system (establishment
of several new municipalities) and the post-earthquake 2015
drive of ‘build back better’ are among the key factors that have
further driven the demand for bricks in the country [3], lead-
ing to an increase in the number of BKs to an estimated 1294
operating in the country [4]. Around 1000 BKs were operat-
ing in Nepal with production capacities ranging from 15,000
to 50,000 bricks per day in 2016 [5].

There are several factors that may influence the productiv-
ity of BKs. However, in the context ofNepal,mechanization and
technology advancement are considered the most important
factors to improve the energy use efficiency and productivity
of BKs [6]. BKs are seen as amajor source of air pollution due to
the use of coal that emits carbon dioxide (CO2), black carbon
andother harmful gases [7]. To address long-standing environ-
mental concerns and improve energy use efficiency, BKs are
gradually being shifted from relatively energy-intensive fixed
chimney structures to more efficient and relatively cleaner
technology ‘zig-zag structure – vertical shaft and tunnel BKs’
[8, p. 41].

A successful case in the Kathmandu Valley that shifted to
a zig-zag structure has resulted in a 60% decrease in partic-
ulate matter, a 40–50% reduction in coal consumption and
an increase in production of high-quality bricks (category A)
accounting for 90% of total production [8]. The process of
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adoption of modern technology has been much slower [1],
and requires more effort particularly to meet the targets set
under the top 25 clean air measures outlined by the United
Nations Environment Programme (UNEP) in the Asia and the
Pacific region [8]. In addition to zig-zag technology, the rate
of mechanization, particularly for brick moulding, also plays
a vital role in BKs not only to improve productivity [6]. How-
ever, from our field observations, we find no robust evidence
thatmechanization has reduced the dependency on labourers
in Nepal. One way or another, workers are required to mould,
operate machines and transport the moulded/baked bricks.

In addition to cleaner technology, human well-being via
addressing working and living conditions (WLCs) of workers is
also vital in the BK sector. WLCs in BKs are not only important
to promote socially responsible practices in the sector but can
also contribute to the productivity ofworkers [9]. The BK sector
with a combination of cleaner technology and improvedWLCs
can be transformed into a ‘environmentally just and socially
equitable industry’ [10, p. 3]. A study of garment workers in
Vietnam found that factories with better working conditions
were up to 8%moreproductive andprofitable than their coun-
terparts [11]. A study from the construction industry in South
Africa found linkages between working conditions and pro-
ductivity on construction sites [12]. In BKs, WLCs are mostly
overlooked and are not considered as a factor of productivity.
The BK workers usually lack basic health and welfare services
and social protection, andwork in unhealthy and unsafe work-
ing environments [13]. For most of them, their homes and
workplace are one and the same place. Some of the most
prevalent problems faced by informal workers that are also rel-
evant in the BK sector are poor lighting, lack of ventilation,
excessive heat, poor housekeeping, inadequate workspace
and working tools, lack of protective equipment, exposure to
hazardous chemicals and dusts, and long hours of work [14].
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Moreover, the International Labour Organization (ILO) has cat-
egorized the construction industry, including brick-making, as
dangerous and hazardous [13].

In addition, the poor WLCs are further worsened by the
informality of the sector and lack of a regulatory framework
[13]. In the case of Nepal, an Occupational Safety and Health
(OSH) Directive for Brick Industry stipulates minimumWLCs in
BKs such as drinking water access, temporary living shelters,
rest areas, primary health care, toilet facilities and childcare
centres [15]. However, these directives have not adequately
been implemented in BKs by brick entrepreneurs. Typically,
the BK owners do not give priority to investing in living and
working conditions for workers at the kilns [2]. It is impor-
tant to recognize that the workers play a major part in com-
plementing technology and mechanization at BKs, and their
well-being is equally important. In Nepal, over 300,000 work-
ers are employed in the BK sector, who are mostly transient
marginalized individuals [2]. These workers contribute to dif-
ferent stages of the brick production process as moulders,
stackers, transporters, firepersons and coal persons [2].

In the existing literature on the BK sector, there is a dearth
of good quality studies on the role ofWLCs in improvingwork-
ers’ productivity. To the best of the researchers’ knowledge,
there is no such study that has so far been conducted in Nepal,
despite a high importance of workers and working conditions
in this informal sector. This study therefore attempts to inves-
tigate a link between WLCs and workers’ productivity, using
the primary data of two levels – BK level and workers’ level.
It is hoped that the findings of this study will not only signif-
icantly contribute to the existing literature on the BK sector,
but will also provide policy directions to transform BKs into a
socio-environmentally responsible sector.

2. Theoretical framework

WLCs are a broad term with multifactorial form. The ILO’s
working conditions laws report defines them as conditions
with appropriate working hours, annual leave, maternity pro-
tection and minimum wages [16]. Robertson et al. [17] also
emphasized the legal aspect – the compliance with national
laws and international norms in addition to factors of work-
ing conditions. The Nepal OSH Directive for Brick Industry has
its own definition for WLCs that are required to be ensured
by the BK owner [15]. However, the informality of the sector
and impracticality make the compliance to the laws difficult.
This study adopted the grounded approach to define WLCs.
This approach relied fully on field/ground facts (i.e., work-
ers’ perspective on the current situation and their needs, and
researchers’ observations) to identify factors to establish the
criteria for WLCs (Table 1) rather than relying on existing lit-
erature. In this regard, before the main survey, rapid needs
assessments (i.e., spending 6–8 h at each BK to interview dif-
ferent group of workers using non-structured checklists) were
conducted at selected BKs to document the perspective of
workers. Based on these assessments, a total of nine factors
were identified that are key to determine WLCs at the BKs
(Table 1).

‘Labour productivity’ has been defined as the rate of out-
put per worker per day. In this study, the labour productivity
is estimated at two levels – BK level and workers’ level. BK
level productivity is defined as the number of baked bricks
produced by the BK in a season (from November to May). It
takes into account all of the workers employed at the BK to

Table 1. Working and living conditions.

Number Amenities for working and living conditions

1 First-aid box provision

2 Health services access

3 Toilet facilities

4 Electricity at place of work

5 Provision of women’s health services

6 Health insurance for workers

7 Child education or day-care centre at the kiln

8 Electricity at place of stay

9 Incentives provided by brick-kiln owners

Source: Rapid need assessments by International Centre for IntegratedMountain
Development (ICIMOD) researchers.

estimate the productivity. For workers’ level productivity, the
study only focuses on ‘brick moulders’, and workers’ produc-
tivity is defined as the number of raw bricks moulded by each
moulder household per day. It is important to highlight that
moulders alone do notmould bricks. Rather, their familymem-
bers are also involved in the moulding work. Moulders, being
themost important group of workers, constitute amajor share
of the total labour employed at BKs [2]. Their contribution to
increasing the production of the bricks is most significant as
they are the principal workers who are directly involved in
making the raw bricks through the process of preparing and
moulding the clay. They also tend to be the most vulnerable
as they bring their families along in most cases. It has been
observed that mostly women workers are involved in mould-
ing bricks. Cognizant of these factors, this study only empha-
sizes moulders for workers’ level productivity analysis, and has
paid due attention to amenities related towomenworkers (i.e.,
provision ofwomen’s health services and child day-care) in the
WLC assessment (Table 1).

Some studies indicate that WLCs positively influence the
workers’ productivity [9,12,14]. This study also hypothesizes
thatWLCs have an influence onworkers’ productivity. The the-
oretical framework of the study is based on the resource-based
view (RBV), which states that an enterprise is a bundle of tan-
gible and intangible assets and that intangible resources like
human capital or workers are strategically important to a firm’s
success [18,19]. The fact that the workers or human capital
are part of the assets is generally overlooked, and instead per-
ceived as merely a cost rather than as a source of competitive
advantage. TheRBVapproachhas the capability to create com-
petitive edge and superior financial performance for the firm
that invests in training, development andwelfare of its human
resources [18,20]. The RBV also explains the differing capaci-
ties of the firms to facemarket challenges, particularly relating
to the ability of small companies to use their social and per-
sonal capital to survive in themarketplace, as it largely dictates
theirwillingness to invest [18]. Even if the firms are awareof the
benefits of investing in WLCs, they may not be large enough
or have the required time horizon to capture the expected
benefits [17].

3. Methodology

3.1. Study area and sampling design

This primary study is mainly based on a survey design of
research, and collected comprehensive primary data from
selected BKs using a standardized data collection tool ques-
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tionnaire. To administer the survey, the study targeted five
provinces out of seven as the study areas as there were no
reported kilns in province 6. In the provinces, BKs are mostly
concentrated in the Terai (plain areas). In total, there were 958
BKs in Nepal distributed across five provinces as per data col-
lected through the Federation of Nepal Brick Industries (FNBI)
as of 2017. Among all, provinces 2, 3 and 5 have a higher num-
ber of BKs compared to the other provinces. In total, around
800 BKs are members of the FNBI, Nepal [21].

In the first step, a sample size of 80 BKs was determined
using Cochran’s method [22]. In the sample estimation, val-
ues of the estimate of variance (0.25), confidence level (95%)
and margin of error (0.11) were used. In the second step, fol-
lowing the method of probability proportional to size (PPS), a
sample of 80 BKs was distributed across six provinces (Table
2). In the next step, 12 study districts were selected purpo-
sively in consultationwith the FNBI based on the density of BKs
and repetitiveness of different types of BKs – labour intensive,
mechanized and adopters of zig-zag technology [23]. Finally,
sub-samples at province level were distributed across districts
(within provinces), once again following the method of PPS.
It is important to mention that only FNBI member BKs were
selected for data collection in the districts because it was very
difficult toobtaindata fromnon-memberBKsdue to their own-
ers’ reluctance to interact with the external people such as
researchers. Cognizant of this, it was decided to only consider
FNBI member BKs to draw a sample size. In addition to BK level
data from entrepreneur/owner BKs, it was also planned to tar-
get 7–10 workers in each BK to procure workers’ level data. In
this regard, a total of 781 workers were interviewed in 80 BKs.

3.2. Data collection

As alreadymentioned, a surveywas carriedout in 12districts to
collect primary data at two levels – BK level and workers’ level
(brick moulders). The data collection activities were carried
out in February 2019 by enumerators from the field special-
ized organization Green Governance Nepal (GGN). Informed
consent was acquired from both the workers as well as the
BK owners prior to the start of the survey. At the BK level,
data relating to production of bricks, estimated costs of oper-
ation, number of workers at different stages of the production
process, technology used, transporting tools and mechaniza-
tion were collected. At the workers’ level, data were collected
from only brick moulders because they were the key actors
in the production process, constituting a large proportion of
the total workforce at BKs. At the workers’ level, data onWLCs,
their socio-economic conditions, information on the number
of bricks moulded by the family, remuneration per brick and
the working schedule were collected. Survey data at both lev-
els, BK and workers, were collected using standardized ques-
tionnaire tools that were structured, pre-tested before survey
and adjusted to the local situation. To collect the aforemen-
tioned data, both quantitative (i.e., productivity, cost, work-
ing hours, etc.) and qualitative (i.e., single-response questions
[yes/no] on the adoption of mechanization and zig-zag tech-
nology) questions were asked in the questionnaire. It is impor-
tant to highlight that all nine amenities of WLCs identified in
the rapid needs assessments (before survey) were further val-
idated through list of questions in questionnaires at both BK
and workers’ levels.

In order to understand the opinion of other groups of work-
ers (other than moulders) in relation to the WLCs at the kilns,

one group discussion with 6–10 workers working in different
stages (stacking, transporting and firing) of brick production
was conducted at each surveyed BK using a non-structured
checklist (open-ended questions). In addition, qualitative data
pertaining to details of the workers’ place of origin and OSH
measures were also collected through discussions.

3.3. Data analysis tools

In the analysis, BKs are classified into three categories – small,
medium and large – based on three different criteria: scale
of production, total workforce and physical area of the BKs.
This study has used both descriptive (i.e., percentage, score,
frequency) and analytical (i.e., correlation analysis, regression
model) statistics to analyse the quantitative data. To estimate
the cumulative score ofWLCs, the nine amenities (factors) pre-
sented in Table 1 were used. In data coding, a numeric value
of 1 was assigned to BKs having a particular amenity, and 0
wasassigned to thosewithout that amenity. The following sim-
ple equation was used to estimate the cumulative score from
coded data:

WLCs =
n∑

i=1

Xi, (1)

where WLCs = score of working and living conditions;∑n
i=1 Xi = summation from i = 1 to n (where n = 9 here).
The study used different measures of productivity for the

BK level and the workers’ level. The total number of bricks
produced in a season at a BK was considered the productiv-
ity of that BK. However, the number of bricks moulded by
themoulder’s household per day was considered the worker’s
productivity (can also be interpreted as worker household’s
productivity).

To investigate the relationship of WLCs with productiv-
ity, the study used correlation analysis and the ordinary least
squares (OLS) regressionmodel. In the regressionmodel,WLCs
was considered the main independent variable. However, the
study has not ignored some other important factors that can
influence the productivity. At the BK level, in addition toWLCs,
use of zig-zag technology (a zig-zag air flow technology that
considerably improves combustion of fuel and heat transfer)
andmechanization are considered themost important factors,
and included as control variables in the regression model:

lnP = α + β1WLCs + β2 ln X2 + β3X3 + ε, (2)

where ln P = natural log of productivity (number of bricks
produced in a season); α = intercept term in the model;
β1 = coefficient of variable WLCs;WLCs = score of working
and living conditions; β2 = coefficient of variable X2;X2 =
variable of mechanization (natural log); β3 = coefficient of
variableX3;X3 = variable (useof zig-zag technology); ε = error
term in the model.

In themodel, the average cost ofmachinery per day is taken
as a proxy of mechanization.

At the workers’ level, in addition to WLCs, the mechaniza-
tion, household size and working hours are considered the
most important factors, and are included in the regression
model:

ln Pw = α + β1WLCs + β2X2 + β3X3 + β4X4 + ε, (3)

where ln Pw = natural log of workers’ productivity (num-
ber of bricks moulded by moulders’ household in a day);



4 S. B. BAJRACHARYA ET AL.

Table 2. Targeted brick-kilns in different provinces.

Proportion of Number of Districts purposively

Total number total BKs sampled BKs (Si) selected by district

Province of BKs (Ni) (Pi = Ni / 958) (Si = 80× Pi) associations

1 67 0.07 6 Sunsari, Morang

2 426 0.44 36 Bara, Parsa, Dhanusha and
Mahottari

3 164 0.17 14 Dhading, Bhaktapur

4 and 5 233 0.24 18 Kapilbastu, Rupandehi and
Banke

7 68 0.07 6 Kanchanpur

Total 958 1.00 80 –

Note: BK = brick-kilns.
Source: Province-wise total number of BKs acquired from the Federation of Nepal Brick Industries in 2017.

α = intercept term in the model; β1 = coefficient of vari-
able WLCs; WLCs = score of working and living conditions;
β2 = coefficient of variable X2; X2 = variable for mechaniza-
tion; β3 = coefficient of variable X3; X3 = variable for house-
hold size; β4 = coefficient of variable X4; X4 = variable for
working hours; ε = error term in the model.

4. Results

4.1. Key features of brick-kilns

The scale of BKs varies significantly in terms of their volume
of production, workforce and operational area on which brick
processing activities are carried out. Based on these three cri-
teria, BKswere classified into three categories – small, medium
and large (Table 3). In terms of volume of production, two-
fifths of BKswereofmediumsizewithproduction ranging from
more than 2.9 million to 4.9 million bricks in a season. One-
third of themwere of small size with production of bricks up to
2.9 million per season. Only one-quarter of themwere of large
size with production of more than 4.9 million bricks per sea-
son (Table 3). In terms of workforce, around 60% of BKs were
categorized as small, employing 150 or fewer workers in a sea-
son. One-quarter were of medium size, ranging from 151 to
250 workers, and only 16% of BKs were identified as large with
more than 250 workers. In terms of operation area under brick
production activities, around 40% of BKs were categorized as
large (> 6.78 ha) and one-third were of medium size. Around
one-quarter of them were classified as small (≤ 3.39 ha).

Descriptive statistics on amenities ofWLCs reveal thatwork-
ers at almost all BKs had access to some health services in
nearby areas, and 60% of BKs also had a basic first aid box for
immediate medical treatment of workers. Almost all BKs pro-
vided electricity to workers in their workplace to facilitate the
workerswhoprefer towork in theeveningor at night. Likewise,
almost all BKs provided electricity to the living places of their
workers (Table 3). More than 40% of BKs provided some mon-
etary or non-monetary incentives (i.e., leave) for their work as a
reward of their performance. Two-thirds of BKs provided toilet
facilities for workers, which is a basic and extremely important
facility. Very importantly, almost all BKs did not provide any
health services for their women workers, and only one-fifth of
them provided some child education and baby day-care ser-
vices. One-tenth of BKs provided health and accidental insur-
ance services for their workers (Table 3). An overall assessment
of theWLCs level reveals that an overwhelmingmajority of BKs
(71%) provided four to six amenities to their workers, and 16%
of BKs only provided one to three amenities to their workers.

Only a small proportion of BKs (13%) provided seven to nine
amenities. This reveals that there is a lot of scope to improve
WLCs in the BKs. In the surveyed BKs, 45% of them adopted
zig-zag technology, and more than 80% had machinery for
preparation of clay for moulding bricks (Table 3).

4.2. Relationship betweenWLCs and productivity

To investigate the relationship of WLCs with productivity, two
types of analysis – correlation matrix and regression analy-
sis – were conducted for both the BK level and the workers’
level. Descriptive statistics of variables included in the analy-
sis are presented in Table 4. Correlation analysis at the BK level
reveal that WLCs have statistically significant positive correla-
tionwith BKproductivity (Table 5).WLCs alsohavepositive and
statistically significant correlation (r = 0.32) with zig-zag tech-
nology, indicating that BKs with better WLCs are also likely to
adopt zig-zag technology. Correlation analysis at the workers’
level (Table 6) also reveal that WLCs have statistically signifi-
cant positive correlation (r = 0.23) with workers’ productivity.
Other factors – mechanization in preparation of clay, working
hours andmoulders’ household size – also showed statistically
significant positive correlation with workers’ productivity.

At the BK level, the results of the regression analysis reveal
thatWLCs have positive influence on BK productivity (Table 7).
However, this influence is not found statistically significant.
Despite this statistical non-significance, the positive relation-
ship of WLCs with productivity is very meaningful. A recent
study [24] has suggested that statistically non-significant vari-
ables in the model with positive or negative coefficients are
still meaningful and should be interpreted like significant vari-
ables. Statistical non-significance may also appear because of
the small number of observations (n = 69) considered in the
regression analysis. TheWLC coefficient value reveals thatwith
an increase of workplace amenities by one, there will be an
increase of 2% in BK productivity in a season.

At the workers’ level, the results of the regression analysis
reveal that WLCs have a statistically significant positive influ-
enceonworkers’ productivity (Table 7). The coefficient valueof
WLCs reveals that with an increase in amenities by one, there
will be an increase by 3% in the number of moulded bricks per
day by moulders (workers’ productivity).

Overall, the regression results at both the BK level and
the workers’ level validate the general hypothesis that WLCs
can contribute to the productivity of BKs, and they need
to be considered seriously not only for economic gains
(productivity) but also for transforming the BK sector into a
socio-environmentally responsible sector.
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Table 3. Key features of brick-kilns.

Unit for

Indicator Specification specification Frequency %

Categories of brick-kilns by Small (≤ 2.9) Million 27 34

production (number of bricks Medium (≥ 2.9 to < 4.9) bricks 32 40

produced per season) Large (> 4.9) 21 26

Categories of brick-kilns by Small (≤ 150) Number 47 59

workforce (number of workers Medium (151–250) of workers 20 25

employed in a brick-kiln) Large (> 250) 13 16

Categories of brick-kilns Small (≤ 3.39) Hectares* 22 28

Categories of brick-kilns Medium (≥ 3.39 to < 6.78) 27 33

Large (> 6.78) 31 39

Brick-kilns with different First-aid box – 48 60

WLC amenities Health services access – 80 100

Toilet facilities – 52 65

Electricity at place of work – 76 95

Provision of women’s health services – 2 2

Health and accidental insurance for workers – 9 11

Child education or day-care centre – 16 20

Electricity at place of stay – 77 96

Incentives provided by brick-kiln owners – 34 42

Categories of brick-kilns by 1–3 Number 13 16

range of WLC 4–6 of 57 71

amenities 7–9 amenities 10 13

Bick-kilns with zig-zag technology – 36 45

Brick-kilns with machinery for preparing clay – 69 86

*Local unit ‘Bigha’ is converted to hectares (1 bigha = 0.6779 ha).
Note: USD 1 = NPR 114.16 (Feb 6, 2020). WLCs = working and living conditions.
Source: Brick Kilns Survey (2019).

Table 4. Descriptive statistics of variables used in the regression models.

Variable Type of variable Specification Mean SD

Brick-kiln level

Brick-kiln productivity Dependent Natural log of number of bricks produced in a year 15.07 0.45

Working and living
conditions score

Independent Summative score calculated based on nine
variables (see Table 2)

4.92 1.36

Zig-zag technology Control Dummy variable: if a brick-kiln has adopted zig-zag
technology = 1; if not = 0

0.45 0.50

Degree of
mechanization

Control Proxy variable: natural log of daily cost (NPR) of
operating machinery

9.01 1.20

Workers’ level

Workers’ productivity Dependent Natural log of number of green bricks moulded per
day by the moulder household

7.26 0.53

Working and living
conditions score

Independent Summative score calculated based on nine
variables (see Table 2)

4.73 1.57

Mechanization Control Dummy variable: if clay is prepared using
machinery = 1; if clay prepared manually = 0

0.33 0.47

Working hours Control Number of hours worked in a day 10.20 3.20

Moulders’ household
size

Control Number of members in the moulder household 1.90 0.96

Note: USD 1 = NPR 114.16 (Feb 6, 2020). NPR = Nepalese rupees.

4.3. Other factors influencing productivity of BKs

At the BK level, in addition to WLCs, adoption of zig-zag tech-
nology and mechanization also positively influence the pro-
ductivity. The influence of zig-zag technology on BK produc-
tivity also showed strong statistical significance (Table 7). The
coefficient values reveal thatwith the adoptionof zig-zag tech-
nology, therewill be a rise of 36% in BKproductivity.Moreover,
doubling the daily cost ofmachinerywill result in an almost 7%

rise in the BK productivity. At the workers’ level, in addition to
WLCs, mechanization, workers’ (moulders) working hours and
workers’ (moulders) household size also positively influenced
workers’ productivity positively with strong statistical signifi-
cance (Table 7). Coefficient values show that use of machinery
for preparation of clay will result in an increase of 26% in the
number of bricks moulded by moulders. Similarly, a 1 hour
increase in working hours will result in a 2.23% increase in
the number of moulded bricks. An increase in the moulders’
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Table 5. Pearson correlation matrix: brick-kiln level.

Brick Zig-zag Degree of

Variable productivity technology WLCs mechanization

Brick-kiln productivity 1 – – –

Zig-zag technology 0.5783* 1 – –

WLCs 0.3193* 0.4601* 1 –

Degree of mechanization 0.4876* 0.4677* 0.1007 1

*p < 0.05.
Note:WLCs = working and living conditions score.

Table 6. Pearson correlation matrix: workers’ level.

Mechanization Moulders’

Workers’ in preparation Working household

Variable productivity WLCs of clay hours size

Workers’ productivity 1 – – – –

WLCs 0.2296* 1 – – –

Mechanization in preparation of clay 0.3059* 0.1173* 1 – –

Working hours 0.1722* –0.0378 –0.019 1 –

Moulders’ household size 0.711* 0.1843* 0.1082* 0.0664 1

*p < 0.05.
Note: WLCs = working and living conditions score.

Table 7. Relationship of working and living conditions to productivity in brick-kilns: results
of regression models.

Variable Coefficient SE t

Brick-kiln level

Dependent variable: brick-kiln productivity (log)a

Working and living conditions score 0.0213 0.0394 0.54

Zig-zag technology 0.368*** 0.125 2.95

Degree of mechanization (log) 0.0758 0.0478 1.58

Constant 14.11*** 0.476 29.65

Adjusted R2 0.30 –

Number of observations 69b –

Workers’ level

Dependent variable: workers’ productivity (log)

Working and living conditions score 0.0291*** 0.008 3.63

Mechanization 0.257*** 0.026 9.68

Working hours 0.0225*** 0.003 5.84

Moulders’ household size 0.367*** 0.013 27.85

Constant 6.109*** 0.060 104.56

Adjusted R2 0.58 – –

Number of observations 781 – –

***p < 0.001.
aNatural log used for particular variable.
bNumber of observations are less than the total surveyed brick-kilns because Stata 13.1
dropped 11 observations with missing values.

household size by one will result in a 37% increase in the
number of moulded bricks.

The results have justified the inclusion of the aforemen-
tioned important factors in the regression analysis, and have
highlighted the need for an adequate focus on all key factors
of productivity in the BK sector.

4.4. Variation in productivity across size categories of
BKs

At the BK level, WLCs and other key factors – the adoption
of zigzag technology and degree of mechanization – had a
statistically significant positive correlation with productivity
(Table 5). The study further examined the variation in produc-
tivity, WLCs and other factors across size categories of BKs. It

was quite expected that BK productivity would increase with
increasing size of BKs (Table 8) because the size categorization
criteria were established based on direct (number indicator
of bricks produced in a season) or indirect (proxy) indicators
(workforce and operational land area) of production volume.
In simpler words, size categories can also be considered as a
proxy for the volume of productivity at the BK level. However,
it was interesting to examine the variation in WLCs, adop-
tionof zig-zag technology anddegreeofmechanization across
size categories. The results show that overall WLCs showed
an improvement with the increasing size of BKs from small to
large. Variation in WLCs across categories based on produc-
tion volume showed that small and medium BKs have almost
the same level of WLCs. However, in the case of large BKs,
the level of WLCs showed a substantial improvement (Table
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Table 8. Size of brick-kilns and associated factors.

Degree of

mechanization Average brick

% of brick-kilns (average daily production in

with zig-zag cost of operating a season

Category of brick-kiln technology machinery in NPR) WLCs (million)

Categories by production Small (≤ 2.9) 11.11 5651 4.74 2.167

(number of bricks produced Medium (≥ 2.9 to < 4.9) 46.88 11,502 4.71 3.794

in a season) Large (> 4.9) 85.7 22,478 5.47 5.789

Categories by workforce Small (≤ 150) 23.4 8713 4.6 3.104

(number of workers Medium (151–250) 60 13,820 5.2 4.390

employed in a Large (> 250) 100 23,598 5.6 5.215

brick-kiln)

Categories of brick- Small (≤ 3.39) 18.2 6507 4.6 2.840

kilns by operational Medium (≥ 3.39 to < 6.78) 33.3 12,977 4.9 3.267

area (hectares) Large (> 6.78) 74.2 16,102 5.4 4.864

Note: USD 1 = NPR 114.16 ( February 6, 2020). NPR = Nepalese rupees;WLCs = working and living conditions score.
Source: Brick Kilns Survey (2019).

5). Similarly, WLCs showed a significant improvement with an
increasing size of BKs basedonworkforce andoperational land
area. Adoption of zig-zag technology and the degree of mech-
anization also increased with increasing size of BKs in the case
of all three criteria of categorization. Overall, the results reveal
that productivity of BKs, WLCs, adoption of zig-zag technology
anddegree ofmechanization improvewith the size of BKs. This
is a very encouraging findingbecause a combinationof zig-zag
technology (relatively cleaner option) with improved WLCs is
key to transforming the BK sector into a socio-environmentally
responsible sector.

5. Discussion

In Nepal, the importance of the BK sector is rising due to
an increase in overall population, rapid urbanization and
improved awareness of development planners on resilient
building structure [2]. Recently, debates around the sector
have increased because an improvement in efficiency and
emission standards at BKs fall under the top 25 clean air mea-
sures outlined by the UNEP in the Asia and the Pacific region
[8]. This sector has to improve its productivitywith betterWLCs
for workers within BKs and reduced impacts on the environ-
ment in terms of emissions – CO2, black carbon and other
harmful gases. Cleaner productivity (with improved working
conditions and reduced emissions) in the BK sector can con-
tribute to national efforts towards achieving several Sustain-
able Development Goals (SDGs), i.e., SDG 3 (good health and
well-being), SDG 5 (gender equality), SDG 8 (decent work and
economic growth), SDG12 (responsible consumption andpro-
duction) and SDG 13 (climate action).

Around 45% of the surveyed BKs adopted a relatively
cleaner technology – zig-zag structures (Table 3). BKs are seen
as a major source of air pollution due to the excessive use
of coal [7]. As a mitigation measure, a shift from a relatively
energy-intensive fixed chimney kiln structure to a more effi-
cient zig-zag structure – vertical shaft and tunnel kilns – mit-
igate the negative environmental impacts of the sector [8].
Findings also showed thatmore than 80%of BKs usedmachin-
ery for preparation of clay for moulding bricks (Table 3).

However, technological innovations cannot achieve sus-
tainable cleaner productivity in the long run if human well-
being, through improvingWLCs, is not paid due attention [25].

There is a gap in understanding the significance of the human
factor in the production process in the BK sector. Findings
revealed that only a small proportion of BKs had satisfactory
level ofWLCswith seven to nine amenities. Contrarily, an over-
whelming majority of BKs provided one to six amenities for
theirworkers. This implies thatWLCs at BKs arenot of a satisfac-
tory level, andneed tobe improvedparticularly for provisionof
toilet facilities, childcare services, health insurance facility and
women’s health services. For instance, only one-tenth of BKs
provided health insurance services for their workers. Almost
all BKs did not provide any women’s health services to the
women workers. The provision of unsatisfactory WLCs in BKs
is consistent with those found in other informal sectors in the
Philippines, Nigeria, Senegal and Tanzania [14]. These condi-
tions may pose risks to workers’ health and the working effi-
ciency of the workers [13], particularly when workers are not
provided with adequate health insurance facilities. This study
also found that only one-fifth of them provided some child
education and baby day-care services (Table 3). WLCs with-
out women’s health services and childcare services cannot be
considered gender friendly and sustainable in the long run
when a significant proportion of workers are women. More-
over, these WLCs are well below the standards of working
conditions defined by the Department of Labour and Occu-
pational Safety in Nepal [15]. The informality of the sector and
the lack of a regulatory framework are the possible reasons for
unsatisfactory provision of WLCs at BKs [13].

Some evidence from the literature showed that a shift from
a conventional structure to the cleaner zig-zag technology
can significantly contribute to the productivity of BKs [8]. This
may raise the share of high-quality bricks up to 90% in total
production of bricks. Similarly, some studies [9,11,12,26] indi-
cated that WLCs in the informal industry like BKs can con-
tribute toworkers’ aswell as overall industrial productivity. The
correlation and regression analyses of this study also found
that adoption of zig-zag technology, mechanization andWLCs
have positive influence on BK level productivity (Tables 5 and
7). This implies that a combination of zig-zag technology with
improved WLCs can play a vital role to transform the BK sec-
tor into a socio-environmentally responsible sector. Analysis
at the workers’ level also revealed that WLCs and mechaniza-
tion significantly influence productivity of workers (moulders
only) in the BKs. In addition, some other factors (working hours
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and household size of workers) also influence productivity
positively (Tables 6 and 7).

The in-depth analysis also revealed that productivity of
BKs, WLCs, adoption of zig-zag technology and degree of
mechanization improve with the size of BKs. It seems that BK
entrepreneurs with better investment and focus on cleaner
technology like zig-zag stricture and mechanization are also
investing in workplace amenities. From field discussions, the
logic seems to be that both cleaner technology and usage of
machines require skilled workers. By providing better work-
place amenities, BK owners attract and retain skilled andmore
productive workers. This is more prevalent for large BK owners
with better financial resources.

Overall, the discussions reach the point that an integrated
approach with equal focus on both cleaner technology and
improved WLCs is key to transforming the informal BKs sector
in Nepal into a more socio-environmentally responsible and
sustainably productive sector.

6. Conclusion

In Nepal, despite being an informal and labour-intensive sec-
tor, the importance of the BK sector is increasing due to a
rising brick demand as a result of a growing population and
a rapid urbanization rate. However, this sector is facing some
critical questions on its inefficient energy use, substantial addi-
tion to air pollution and keeping risky working conditions for
workers. BK entrepreneurs have gradually started to improve
the WLCs, use machinery and adopt relatively cleaner and
energy-efficient zig-zag technology at their BKs. This study pri-
marily investigated the status of WLCs and their influence on
productivity at workers’ and BK levels. In addition, the study
also analysed the influence of adoption of zig-zag technology
and mechanization on BK productivity. The findings showed
that nearly half of the surveyed BKs adopted the zig-zag tech-
nology, and four-fifths started using machinery for the brick
preparation process. However, an overwhelming majority of
BKs did not provide adequate workplace amenities for their
workers.Most BKsdidnotprovideessential services forwomen
workers, i.e., women’s health services and childcare facilities.
Econometric analysis found that adoption of zig-zag technol-
ogy,mechanization andWLCs have positive influence on over-
all BK productivity. Analysis at the workers’ level also revealed
that WLCs and mechanization significantly influence the pro-
ductivity of workers (brick moulders) at the BKs. In-depth anal-
ysis revealed that productivity of BKs, WLCs, adoption of zig-
zag technology and degree of mechanization improve with
the size of BKs. This implies that BK entrepreneurs with bet-
ter investment and a focus on cleaner technology like zig-zag
structure and mechanization are also investing in workplace
amenities.

Based on the findings, the study propose the following
suggestions:

• There is an urgent need to create awareness among BK
owners about the positive relationship ofWLCs and cleaner
technology with BK productivity. Currently, WLCs in partic-
ular are not considered as a contributor to productivity in
Nepal and other countries in the region.

• There is a need to improve WLCs with more emphasis
on small BKs. Special attention may be paid to amenities
related to women workers, i.e., women’s health services

and childcare facilities. In this regard, an adequate aware-
ness among BK owners and support by the Department of
Labour and Occupational Safety in Nepal can play a very
vital role. Small BKs can combine as a cluster and invest
in workplace amenities. Overall, it can be adjudged that
workplace amenities attract a productive and skilled work-
force and are vital when using advanced cleaner technol-
ogy and machinery. As a result of the workplace amenities
being present, the BK owners are able to retain and hire a
skilled workforce. Larger BKs are more inclined to invest in
improving WLCs in addition to technology andmechaniza-
tion. Small BKs need to be encouraged for this integrated
approach.

• Thegovernment needs to have a proper institutionalmech-
anism to observe and acknowledge the good practices (i.e.,
WLCs and cleaner technology) in BKs and encourage other
BKs to follow by providing incentives in terms of technical
support and subsidies on technology and machinery.

WLCs and cleaner technology can be emphasized equally
through an integrated approach that is conducive to trans-
form the informal BK sector into amore socio-environmentally
responsible and sustainably productive sector. This will ulti-
mately support national efforts to achieve multiple SDGs, i.e.,
SDG 3 (good health and well-being), SDG 5 (gender equality),
SDG 8 (decent work and economic growth), SDG 12 (respon-
sible consumption and production) and SDG 13 (climate
action).
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