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Abstract

Over the past decade, enterprises have sought to minimize their ecological footprints and incur the

associated added costs through cleaner products and production strategies. Evidence can be gathered

to support either the view that adopting environmental management standards (EMS) is a cost

burden on firms and is detrimental to competitiveness or that adopting standards increases savings

giving firms competitive advantage on the long run. In an effort to resolve this seeming paradox in

an emerging country context, the relationship between adopting environmental standard certificates

and resource efficiency is examined empirically using a panel sample of 1333 manufacturing SMEs

in Vietnam for the (2011-2013) period and applying an instrumental variable approach. The results

indicate that certification leads to resource savings by about 2.3% holding other factors constant.

Moreover, the paper highlights a number of determinants that should be considered in the design

and promotion of environmental certificates, especially in developing countries.
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1 Introduction

In recent years, the importance of shifting to more sustainable patterns of consumption and

production has been globally recognized. This is reflected in the adoption of the 12th sustainable

development goal, addressing the urgency of decoupling economic growth from natural resource

use. However, such a transition would not be possible without the engagement of all relevant

stakeholders. Specifically, it would require a policy environment capable of nudging consumers

towards more sustainable patterns of consumption as well as incentivizing producers to adopt

more efficient production systems. Such production systems would be characterized by a more

efficient use of resources which, in turn, would reduce the negative externalities associated with

the life cycle of product manufacture, whether they be environmental, human health or welfare

related.

Achieving resource efficiency is more than just a question of environmental sustainability.

This is particularly important in developing and emerging countries. Most recent economic

growth success stories had a strong industrialization component, which over time has resulted

in pressures on the environment and the natural resources base (European Commission,2006).

Other problems linked to industrialisation are emerging, such as rising greenhouse gas (GHG)

emissions, air pollution and growing volumes of waste and hazardous material among others.

However, the current pattern of industrialization needs to be oriented towards resource efficiency

and the adoption of environmentally sound production techniques, with special reference to the

developing world. Such strategies not only alleviate pressures on resources such as water, min-

erals and fuels used in manufacturing, but also contribute to mitigating climate change by

reducing emissions at the enterprise-level. However, beyond this, it unlocks additional develop-

ment opportunities, as a driver of competitiveness, technological innovation (Shrivastava,1995)

as well as opening new markets for firms in developing countries (Jaffee and Masakure, 2005).

Since global emissions from the industrial sector account for 21% of total emissions in 2010

(EPA, 2018), green industrial policies have never been a higher priority, especially in Asia

where 52% of industrial emissions in 2010 originated from that region alone (IPCC, 2015). The

biggest challenges for these policies are posed by decoupling energy, water, and fuel consumption

from manufacturing growth. In practical terms, policy makers are faced with a number of

environmental instruments targeted at the manufacturing sector. Amongst these, one policy

that has become increasingly popular since the 1990s is to apply environmental management
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standards on polluting industries. The broader goal of such standards is to promote ”green”

products and production processes which comply to certain local or international environmental

standards.1 Such market-oriented approach is viewed as being more flexible, cost-effective and

acceptable to the private sector (Arimura et al., 2011) compared to command and control

policies (ex. pollution tax) which are administratively difficult, slow and costly (Khanna,

2001).

Vietnam is an example where such a policy has been applied since 1999 to address envi-

ronmental degradation by the manufacturing sector. The Vietnamese government is keen on

achieving more progress towards greening its manufacturing sector, as indicated in Vietnam’s

National Strategy for Environmental Protection for 2010-2020, which states that ”50% of man-

ufacturing and services are certified with an environmental certificate or ISO 14001 in 2010

and in 2020 this figure should increase to 80%” (GOV, 2003). With the rapid development of

industrial sector in Vietnam and projected higher demand on raw material and energy, there

is an urgent need to assess the impact of environmental standards certificates on resource ef-

ficiency in the manufacturing sector, especially among small and medium enterprises (SMEs)

which have become major engines of growth.2.

In theory, these certificates could be both a burden or a boon to firms. Typically, adopt-

ing certificates would imply an added costs on firms, in the form of installing new technology,

training costs, maintenance fees,...etc (Babakri et al.,2003; Bansal and Bogner, 2002; Jaffe et

al., 1995). In fact, scholars and practitioners have debated the effectiveness of environmental

regulations on firm environmental and financial performance, with mixed evidence on the ex-

istence of a win-win situation (Endrikat et al., 2014). There is also evidence suggesting that

firms could benefit from adopting certificates through better market access, attracting new cus-

tomers, price premiums and higher profitability (Jacobs et al., 2010; Khanna and Damon 1999;

Fontagn et al.,2015; Nishitani, 2011). Even though cost savings through resource efficiency

is one of the arguments commonly used to promote the adoption of environmental standard

certificates, there is no empirical evidence yet if this is actually achieved.

1Environmental standards refer to the set of organizational or technical procedures that the firm undertakes
to reduce the environmental impact resulting from its operations (Cramer, 1998). The most common envi-
ronmental management standard is environmental certificate known by ISO 14001, issued by the international
organisation for standardization (ISO,2018).

2SMEs contribution to GDP and total employment in 2014 have reached 40% and 77% respectively, which
epitomizes their importance to the overall economy (Yoshino and Wignaraja, 2015).
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This paper builds on the rich literature on environmental management standards and fills

a research gap by empirically testing if the adoption of environmental standards certificates by

small and medium enterprises (SMEs)3 in Vietnam contributes to resource efficiency. In specific,

I examine the effect of certificates on the intensity of resource use per unit of output by using

the aggregated material cost of water, fuel and electricity over the (2011-2013) period. With

the availability of a rich panel dataset from SMEs manufacturing enterprise survey comprising

observations on 1333 firms, I am able to account for dynamic effects as well as heterogeneity

across firms, sectors, legal status and locations along with a set of controls. In addition, I

control for the possible sources of endogeneity arising for the reverse causality between certificate

adoption and resource efficiency with an instrumental variable approach.

The findings show that adopting environmental standard certificates among manufacturing

SMEs in Vietnam contributes to higher resource efficiency, reflected by less resource use for

each unit of output. Although certificate adopting firms tend to achieve higher profits on

average, the low adoption rates of certificates are explained by the rise of total operational

costs incured by those firms, stemming from higher expenditure on maintenance, insurance and

marketing, which corroborates findings of Bansal and Hunter (2003) regarding the adoption

of ISO 1401. The results highlight the need for policy intervention to lower those costs and

inform firm owners that adopting certificates is not only a business responsibility to protect the

environment but also a business opportunity.

This paper contributes to the literature and policy debates in several ways. First, while i find

evidence supporting the belief that considerations for the environment in manufacturing process

are generally associated with a cost increase for enterprises, i show that it pays firms to incur this

extra cost as they are more profitable. In other words, contrary to business owners’ perceptions,

the goals of greening industry and having a profitable business are compatible. Second, while

achieving resource efficiency has been shown to be a by-product of certification, such evidence

is empirically lacking on two levels jointly: (1) on small and medium enterprises, which usually

face financing or knowledge constraints, and (2) on emerging markets, who perceive a trade off

between their green growth strategies and competitiveness. To the best of my knowledge, the

paper is the first to fill this research gap. Third, the paper adds to the understanding of the

role voluntary environmental management standards on resource efficiency, which goes beyond

3Enterprises are classified according to the current World Bank and Vietnamese government definition, with
small-scale enterprises up to 50 employees, medium-sized enterprises up to 300 (UNU-WIDER).

4



conventional financial measures used in the literature, such as returns on assets (ROA), stock

market returns, profit margins,..etc (for full review, see Horváthová 2010; Blanco et al. 2009;

MolinaAzorn et al. 2009; Wagner 2001).

The rest of the paper is structured as follows. Section 2 provides contextual background

on environment management certification in Vietnam and its relevance for resource efficiency.

Section 3 presents the literature review. Section 4 describes data and estimation strategy

motivating the instrumental variable approach. Section 5 presents results and discusses main

findings. Finally, section 6 concludes, highlighting the policy implications.

2 Environmental Management Standards in Vietnam

In recent years, the rapid industrial development in Vietnam spurred by the Doi Moi economic

liberalization and reform in 1986, followed by the country’s recent accession to World Trade

organization in 2007 (World Bank, 2018) has proved to be a key driver for economic growth

and poverty eradication. However, it has provoked growing concerns about the rapid depletion

of natural resources and threats to the environment, especially air pollution and waste water

discharge in resource intensive industries (Frijns et al., 2000). Realizing the urgent need to

promote a shift towards more sustainable industrial development pathways, the Government

of Vietnam has paid special attention to the issue of green industry, where environmental

management practices in industrial products and processes are put in place to improve resource

productivity and environmental conservation (UNIDO, 2011).

One instrument of nudging producers to adopt environmentally-friendly manufacturing pro-

cesses is what came in the decree no.80/2006/ND-CP (GOV,2006)guiding the implementation

of several articles of the Law of Environmental Protection No.52/2005/QH11 (GOV 2005).

Under this decree, firms engaged in specific polluting sectors4 regardless of legal status must

submit an environmental impact assessment (EIA) report of their activities to the State Man-

agement Agency for Environmental Protection. Firms are granted the certificate acknowledging

satisfaction of environmental standards (ESC) if they comply with the requirements set forth

in the EIA, specifying the environmental factor that firm owners are aiming to treat. These

include addressing water pollution, air quality, waste disposal, soil degradation, noise and heat.

4The list of eligible sectors are detailed in Decree 29/2011, which include 144 types of activities excludes
those of the recycling and services sectors. Therefore these two sectors are not part of our sample.
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Opening up local markets for competition and foreign customers’ requirement about product

quality and environmental footprint; have provided incentives for domestic manufacturing firms

to adopt certification as a way of addressing those concerns(Calza et al. 2017), among which is

the ISO 14001 concerning international environmental standards. The ISO Survey shows that

5,160 ISO 14001 certificates were issued in Vietnam in 2016, an increase of only 7% from 2011

level (ISO 2018). The rate of certification is not only much lower than in developed countries,

but also considerably lower than in neighbouring countries in East Asia and Pacific, such as

Thailand, where 9,660 ISO 14001 certificates were issued in 2016, with an increase of 28 %

compared to 2011.

In general, the focus on voluntary adoption of environmental standards certificates in SMEs

in developing countries has grown, as firm owners are becoming aware about their business

impact on the environment, public health and international trade requirements for cleaner

products (Burke and Gaughran, 2006). To encourage the adoption of enterprises to environ-

mental standards certificates, the government has communicated some of the benefits of those

standards. These advantages include: better public image and customer trust, improvement of

environmental performance of enterprise against certain targets, lower operational costs by con-

serving input materials and energy efficiency, minimizing waste and reduction in operating costs

and finally, highlighting the compatibility with other standards such as occupational health and

safety standards, which result in diminishing the risk of liabilities and health insurance claims.

Despite these efforts, widespread adoption rate of environmental standards certificates

among SMEs, whether at international or local standards faces several challenges. As pointed

out by Frijns et al. (2000) and Punte et al. (2005), adopting a certification entails massive

upfront costs associated with production process alterations and technology investments, which

are in most cases beyond available financial resources and capabilities of SMEs. In addition,

environmental awareness might be lacking at both levels of local consumers and producers and

hence, lack of pressure to adopt certification. Even when financing constraints and knowledge

are not an issue, weak or absent regulation enforcement, lack of coordination and prevalence of

corruption in auditing entities are major disincentives for certification (Massoud et al., 2010).

This context has heightened the need to strengthen human and institutional capacity in

promoting and monitoring improvements in the environmental management performed by SMEs

through establishing the Vietnamese certification center (QUACERT). This national agency is

mandated by the ministry of science and technology to support the state in standardization,
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whether according to national Vietnamese standards or to international ones such as ISO 14001

for environmental management.

3 Theoretical Foundation and Literature Review

Theoretical foundations on the relationship between firm’s environmental management and

competitiveness refer to the ”porter hypothesis” (porter, 1991), which suggests that properly

implemented environmental regulations can increase firm’s comparative advantage and prod-

uct quality and hence improve competitiveness and corporate image (Babool and Reed, 2010;

Lanoie et al., 2009; Porter and Van der Linde, 1995; Klasen and McLaughlin, 1996). This view

is commonly known as the ”revisionist view” (Horváthová,2010; Wagner,2001). The competing

view that is widely adopted by business owners is that environmental regulations are usually ac-

companied by extra costs which affect their financial performance and may have other negative

productivity impacts (Jaffe et al., 1995).

Schaltegger and Synnestvedt (2002) propose another theoretical framework, which supports

the view that there is no direct obvious link between environmental and economic performance

of the firm. Moreover, the relationship might even be bi-directional, in the sense that finan-

cially successful firms will be the ones adopting environmentally-friendly production processes.

Furthermore, the authors argue that, in determining the underlying dynamic relationship, it

is important to control for the kind of environmental management applied and other relevant

factors such as market conditions, consumers willingness to pay, business regulations and the

available technology (Schaltegger and Synnestvedt, 2002). This framework is also based on

the view of the standard neoclassical theory which advocates that environmental protection

has decreasing marginal net benefits. Ultimately, this gives rise to another strand of studies

which find an inverse U-shaped relationship between environmental protection and financial

performance of firms (Hart and Ahuja, 1996).

The promotion of voluntary environmental standard certification as an alternative approach

to traditional environmental regulations has motivated research to examine if certification pun-

ishes or rewards adopting firms. Empirical evidence for both views so far, is inconclusive.

Proponents of a positive link between adopting certificates and the firm’s financial performance

have found that certificates contribute to better performance when measured on indicators such

as Tobin’s Q , return on assets (ROA), return on sales (ROS) and stock performance (Dowell
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et al. 2000; Nishitani, 2011; Ziegler et al., 2007). According to several authors, these positive

effects could occur either through (1) increased market demand; domestically or internation-

ally for environmentally-friendly products ( Masakure et al. 2009; Fontagné et al., 2015; Konar

and Cohen, 2001; Bellesi et al., 2005), or (2) improved productivity and innovation (Hart and

Ahuja, 1996; Ullah et al. 2014; Trifković , 2017; Delmas and Pekovic, 2013). Whereas others

have either found no significant relationship or even a negative impact on firm performance, as

the costs incurred in adopting certificates are in the short run while the expected benefits are

in the long run (Babakri et al., 2003; Bansal and Bogner, 2002; King and Lenox 2011).

Therefore, it is still unclear whether the adoption of environmental management certifi-

cates improves or deteriorates the financial performance of firms and more importantly from

environmental sustainability perspective, if it leads to resource savings. Derwall et al. (2005),

Wagner (2001) and Schaltegger and Synnestvedt (2002) note that inconclusive research out-

comes are mainly explained by both different methodologies as well as the chosen financial and

environmental variables. Methodologically, the limited size and coverage of datasets available

can constrain the use of proper estimation techniques to establish empirical relationship be-

tween environmental and firm performance, for example to account for endogeneity problem

(Potoski and Prakash, 2005). Also, the specific national context in which the different types of

environmental management standards are applied could influence the results (King and Lenox,

2001). For example, the adoption of standards may have different net effect across industries,

sectors and even across countries, as Yang et al. (2011) find a positive effect of environment

management standards on firm performance in a set developed countries but such effect did

not occur in developing countries.
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4 Empirical Approach: Data and Methodology

4.1 Data

To examine the impact of adopting environmental standards certificate on resource efficiency in

SMEs in Vietnam, we use panel dataset for the years 2011 and 2013 of the Small and Medium

Scale Manufacturing Enterprise (SME) survey5. The survey is representative at the province

level and includes 10 out of the 63 provinces of Vietnam: Hanoi,Ha Tay, Hai Phong, Ho Chi

Minh City, Phu Tho, Nghe An, Quang Nam, Khanh Hoa, Lam Dong, and Long An. The en-

terprises surveyed are stratified by ownership type to provide representative information about

household-owned, limited liability, private, cooperative and joint stock ownership. Firms are

distributed across approximately 17 manufacturing sectors such as: food processing, fabricated

metal products, chemicals and manufacturing of wood products. The analysis is based on the

balanced sample of enterprises which have participated in the two rounds of the survey between

2011 and 2013. This limits the sample size from 2,892 firms(unbalanced) to 1,333 only (bal-

anced). Although the wave for 2015 is available, the question on resource cost was not included

in this wave,which limits the period of study for 2011 and 2013.

Central to our research question on resource efficiency is the concept of resource intensity

and its measurement. Policy debates and empirical studies have pointed out that efficiency is

achieved by either increasing resource productivity or by reducing resource intensity (Bahn-

Walkowiak and Steger, 2015). In this paper, we will use resource intensity as the main depen-

dent variable to assess the effectiveness with which materials from natural resources (water,

energy, fuel)are used to generate one unit of output (OECD,2011). As a robustness check, we

will use resource productivity (the inverse of resource intensity). Resource intensity (RI) can

be expressed as:

RIit =
Cit

Yit
(1)

Where Cit represents the real total cost of resources (water, fuel and electricity) in (million

2010 VND) of firm i at time t. Yit is the total output units, such that Yit > 0

5The survey is conducted in collaboration with the Central Institute for Economic Management (CIEM)of
the Ministry of Planning and Investment of Vietnam, the Institute of Labour Science and Social Affairs (ILSSA)
of the Ministry of Labour,Invalids and Social Affairs of Vietnam, the Development Economics Research Group
(DERG) at the University of Copenhagen and the United Nations University World Institute for Development
Economics Research (UNU-WIDER).
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4.2 Empirical Model and Estimation Strategy

4.2.1 Panel Regression Method

We first examine the impacts of environmental standards certificate adoption on the sampled

firms’ resource intensity with panel regressions. The basic model specification can be expressed

as follows:

RIit = α + βit ∗ ESCadoption + γXit + νi + κs + ρp + ϕt + ∂l + eit (2)

where i, s, p, t are subscripts representing the firm, sector, province and year, respectively;

RIit is the dependent variable reflecting firms’ resource intensity. ESC adoption is the key

explanatory variable that indicates whether firm has adopted an environmental standard cer-

tificate in year t or not; and Xit is a vector of control variables at the firm-level such as firm

size, firm’s age, investments in new technology, level of competition, among other variables.

Finally, we include the sector dummies (κs), province dummies (ρp), legal status dummies (ρl)

and year dummies (ϕt) to capture the industry and location differences that might affect a

firm’s performance as well as the different forms of legal ownership of the firm. eit is the error

term.

4.2.2 Problem of Endogeneity: Instrumental Variable Approach

Our panel regressions may suffer from endogeneity for the following reasons. First, some un-

observed omitted variables which might influence both the firms’ decisions to adopt the envi-

ronmental standard certificate and the efficiency of resource use, may bias the results. Second,

reverse causality may arise, in the sense that already resource efficient firms may have a higher

probability to adopt the certificate. Those firms might possess technical capabilities and will-

ingness to innovate that makes them more likely to engage in resource productivity investments

(Calantone et al., 2002). This raises the concern that OLS estimates may be biased. To address

the endogeneity issue, we use instrumental variable (IV)approach following a two-stage least

square (2SLS) procedure (Wooldridge, 2002). The adoption of the environmental certificate is

first estimated using all the variables of the resource intensity equation, plus an instrumental

variable.

As an instrument, we use an interaction variable of the sector-province-year share of stan-
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dards with business owners’ social network, limited to other business owners in the same sector

and province. Information about local competitors’ adoption status is likely to be positively

correlated with the individual business owner decision to adopt ESC, hence satisfying the rel-

evance condition of an IV. On the other hand, knowledge about certificate adoption in other

firms is not directly related to the firm’s resource intensity, thus satisfying the exogeneity or

exclusion restriction condition of an IV. A similar rational for choosing instruments for cer-

tificate adoption has been used in the literature, arguing that social networks as a sourcce of

information about standards among SMEs, can influence certificates adoption (see Calza et al.,

2017; Trifković , 2017; Halila, 2007; Barla, 2007 ). As such, firm owners located in provinces

where there is a higher share of ESC in their sector and with a larger size of social networks

are more likely to have access to information about ESC.

5 Results and Discussion

5.1 Descriptive Statistics

Table 1 provides definitions for the variables used while table 2 shows the summary statistics

by adoption status of the certificate using the balanced sample. The share of firms with an

environmental standards certificates is about 20%. It is noticeable that certified firms on

average tend to have lower resource intensity than non-certified ones, yet the real total cost of

resources (water, fuel and electricity) as well as the share of those costs from total indirect costs

are significantly higher in certified firms. This can be explained by the the higher volume of

production output in certified firms which is approximately 50% higher. In addition, certified

firms tend to be approximately three times larger than non certified ones, with average labour

force size of 29 workers. Consequently, providing training of existing and new workers is likely

to be observed in certified firms (27%). A higher share of certified firms have applied for formal

loans and are engaged in e-trade for selling their outputs.

Certified firms tend to have a relatively same share of raw material from household as non-

certified firms. Increasing shares of raw material from households are important in the context

of measuring resource intensity because the use of resources would be different depending on

whether the raw material is semi manufactured, recycled or raw. As a result, declining resource

intensity cannot be completely attributed to efficiency gains; some improvements are likely to
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be a reflection of increased substitution of semi-finished raw material, and hence a gradual

shifting of resource-intensive production to recycling activitoes occurs.

Some aspects related to the distribution of certificates across provinces, legal status and

across sectors are shown in figure 1. Approximately 40% certified firms in the sample are

concentrated in the food and beverages sector, followed by the rubber industry (11%)and the

fabricated metal products (8.5%). It is noticeable that in general, the share of adoption across

sectors has either increased or remained constant over the (2011-2013) period in most sectors.

With regards to the legal status of certified firms, on average two thirds of the certified firms

are in the form of household ownership. Over the survey years (2011-2013), several firms have

changed their ownership type from household to limited liability, which explains the rise in the

certification share for this type of ownership over the survey years. The geographical distri-

bution of certified firms shows concentration in two provinces: Ho Chi Minh city (HCMC)and

Hanoi. There is a small share of certified firms which export, although the share has slightly

increased between 2011(13%) and 2013 (15%).

5.2 The Adoption of Environmental Standard Certificate

It is worth noting that in figure 2 about 20% of certificate holders acknowledge the role of

customers requests to adopt environmental standards certificates, this effect is increasing over

time. It is not clear though whether those customers are local or foreign ones. Moreover, about

80% of certificate holders have not been asked by customers to adopt the certificate, yet they

are certified. Others reasons are shown in figure 3 , where 60% of certificate holders in 2011

and 2013 have reported that the main motivation for certification is the environmental law

followed by the objective of improving working condition for labour. The is a smaller share

of certified firms who have adopted the certificate based on the belief that certificates are cost

saving in the long run, which highlights that firm owners might have the belief that certificates

are expensive and will not have direct effect on the firm’s profitability in the short run.

Table 3 presents results on the likelihood of adopting an environmental standard certificate

using different estimation models, including the first stage regression result for the two stage

least square equation 2 in columns(3-8). All variables used in that equation are included in

addition to the chosen instrument. In essence, enterprise owners will choose to adopt environ-

mental standards if the expected discounted benefits (ex. profits, savings,export..etc) exceed
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the discounted cost of certification. In other words, firm owners will adopt certification if the

expected net present value of the investment in certication is positive(Gebreeyesus,2015).

In line with most findings in literature, larger firms are more likely to adopt international

standards certificates since they can afford the upfront fixed costs involved in the certification

process compared to smaller firms (Nakamura et al. 2001; King and Lenox, 2001; Masakure et

al., 2011). Firms which are closer to the technology frontier, who are engaged in selling their

products via e-trade are more likely to be certified. The availability of capital as compared to

labor is a significantly important variable in the decision to adopt certification as the coefficient

on the capital-labor ratio is significant at 1% in all models. This variable could also enable

the firm to increase its production capacity by 25% or higher in the next year, which is also

significantly positive in explaining adoption.

As expected, the chosen instrument is positive and significant at 1% and 5% significance level

in all model specifications, even when controlling for province, year, legal status and sector of

the firm. The first stage results show that for firms that are facing competition in their sector

and which are members of a business association tend to adopt the certificate. These two

variables are considered channels of information through which business owners have better

knowledge on certificates and hence they significantly influence business owners to adopt the

certificate.

5.3 The Effect of Certificates on Resource Intensity

Table 4 shows the results of the different estimation models, where the log of resource intensity is

the dependent variable. Column (1) indicates that the effect of certificates on resource intensity

using pooled OLS and without any controls or fixed effects is about 0.50% decrease. As resource

efficiency could arise from unobserved heterogeneity such as location of firms and legal status,

as well as self selection of firms, i.e resource efficient firms will choose to be certified, fixed effects

and instrumental variable approach are applied in columns (2-8). The effect of certificates is

consistently negative and significant across most models, with larger effect in model (5) using

year, status and province fixed effects.

The magnitude and significance of coefficients of certificates using the 2SLS are different,

highlighting the endogeneity bias discussed earlier, biasing fixed effects estimates downwards.

The higher resource savings in IV models compared to OLS have also been reported in other
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studies (Delmas and Pekovic, 2013; Trifković, 2017 ) indicate that unobserved heterogeneity

correlated negatively with certification of standards. Unobserved characteristics which lower

the probability of adopting certificates lead to resource savings, pointing perhaps to the fact

that firm owners with higher environmental awareness and managerial capacities more likely

seek to improve resource use through standards. The results of 2SLS regressions are consistent

across the models showing that the adoption of environmental certificates in SMEs in the

manufacturing sector contributes to reducing resource intensity by 2.3% on average.

With regards to the control variables, since larger firms would be expected to have higher

output level, the resource costs would also be higher and thus having higher resource intensity.

Receiving government assistance is likely to be an important factor in achieveing resource effi-

ciency, as it could be directed towards investments in new machinery, which decreases resource

intensity as shown in columns (4) and (7). Although providing training and being engaged in

innovative activities ( i.e improving an existing product, introducing new technology or prod-

uct group) are expected to contribute to overall efficiency of production, this hypothesis is not

supported by our results. Contrarily, they lead to higher resource intensity. Two possible ex-

planations for this finding could be that: (1) the type of training provided is not directly related

to the efficient use of resources, for example training related to sales or marketing rather than

to production or to minimise waste, and (2) it takes time for the adjustment in production lines

to accommodate the new product or technology. Thus, longer time series would be needed to

capture the dynamic effects of training and innovation on resource intensity.

Since resource costs account for more than 57% of total indirect cost of manufacturing

SMEs in Vietnam, competition is argued to motivate firms to cut their resource consumption

to enable firms to charge lower prices for their output (Fischer and O’Brien, 2012) which

increases their competitiveness. However, this proposition is rejected by our results, where

firms facing competition in the sample on average have higher significant resource intensity at

10% significance level, however, this result is not robust. The source of raw material which the

firm uses is likely to have an impact on resource use, such that the higher the share of raw

material from households (i.e recycling) is like to minimise resource use.
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5.4 Robustness checks

Since it could be argued that implementing environmental standards might lead to a reallo-

cation of resources, i.e less use of water but more of electricity. to test this, we have used

the disaggregated resource intensity by electricity, fuel and water. The results as shown in

table 5 are consistent across resources, indicating larger efficiency gains in fuel and electricity

consumption compared to water consumption. Additionally, we replicated the main results of

table 4 using the full sample, where our main findings still hold even in the presence of a larger

number of observations.

6 Conclusion

The debate of whether environmental management systems contribute to a win-win situa-

tion environmentally and economically has been an issue of interest recently, however little

is known about the effectiveness of environmetal practices on the intensity of resource use in

SMEs, especially in emerging countries. Therefore, based on SMEs survey of 1,333 firms in

the manufacturing sector in Vietnam, I examined if the adoption of environmental standards

certificate contribute to resource efficiency, measured by the intensity of water, fuel, and elec-

tricity use per unit of output. Using an instrumental variable approach, I find that adopting

environmental standards certificates leads to less resource intensity in the manufacturing sector

among SMEs in Vietnam. In addition, the study highlighted a number of determinants which

may affect ESC adoption among SMEs. The findings of the paper are not only relevant in the

context of Vietnam, but also to a large number of developing countries where SMEs could have

the largest environmental footprint in the country. Hence promoting the adoption of certifi-

cates among SMEs should become an integral part of green industrial policies in developing and

emerging countries, through financial support and technical assistance regarding implementa-

tion of certificates. In this regards, more information should be aviailable to business owners

on the considerable benefitts (i.e profits) that they could make while contributing to resource

conservation.
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7 Tables and Graphs

Table 1: Variables Definitions

Variable Definition

ESC Adoption (dummy) Firm adopting environmental standards certificates

Resource Intensity (milllion VND/unit) Resource cost per unit of output

Firm Size Total Number of regular full time employees

Firm Age (years) Firm age at the time of survey

Innovation (dummy) Firm introduced new technology or new product group or modified existing ones

Inputs share (%) Total inputs cost as a proportion of total indirect cost

Intermediate Input (% of total sales) Production output used as intermediate input in manufacturing

Raw Material (%) The share of raw material from Households

Capital-Labor ratio The ratio between total real assets and wages

Loan (dummy) =1 if firm applied for formal loan in previous year

Competition (dummy) =1 if firm faces competition from same field of activity

Training (dummy) =1 if firm provides training to new or existing workers

Association (dummy) =1 if firm is a member of a business association

Export (dummy) =1 if firm exports (directly or indirectly)

Capacity (dummy) =1 if firm can increase production capacity by 25 percent or more

E-trade (dummy) =1 if firm sells its output via e-trade

Assistance (dummy) =1 if firm received some sort of government assistance in the previous year

Vintage (%) The share of machines which are less than 3 years old

Profit (million VND) Real total net profits

Raw material cost (million VND) Real raw materials costs

Note: VND stands for Vietnamese Dong. 1 USD is approximately equal to 20,000 VND.
Resource cost is the real aggregated cost of water, fuel and electricity.
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Table 2: Summary Statistics by Adoption Status

All Non Adopters Adopters

VARIABLES Mean S.D Mean S.D Mean S.D t-test

Resource Intensity (million VND/unit) 18.547 77.096 19.242 76.596 15.672 79.141 0.946

Total cost of Resources (million 2010 VND) 115518.9 292946.5 81705.86 176669.2 255396.6 536529.8 -12.468***

Input Cost Share (%, indirect cost) 52.253 24.473 51.493 24.48 55.395 24.212 -3.265***

Production output 2010 (million 2010 VND) 7435.92 160435 6822.54 178521.6 9973.349 19568.92 -0.4014

Total production units (in thousand) 7309 24200 6203 22100 11900 31100 -4.815***

Firm Age (years) 14.106 9.304 14.253 9.307 13.495 9.275 1.666**

Firm size 15.025 25.48 11.721 21.024 28.694 35.727 -14.115

Innovation (dummy) 37.7 48.5 37.7 48.5 37.8 48.5 -0.035

Training (dummy) 19.7 39.7 17.9 38.3 27.0 44.4 -4.693***

Intermediate output (%) 15.777 31.429 15.209 30.946 18.129 33.281 -1.9*

Business Association Member 10.1 30.1 8.20 27.5 17.5 38.1 -6.361***

Loan (dummy) 32.9 47.0 31.5 46.5 38.5 48.7 -3.072***

Raw material from Household (%) 6.336 11.218 6.558 11.528 5.421 9.791 2.072**

Capital-Labour Ratio 20.53 42.43 20.819 44.94 19.334 29.894 0.715

Capacity Utilization 30.0 45.8 29.9 45.8 30.3 46.0 -0.134

Selling products via e-trading 6.9 25.4 5.2 22.1 14.3 35.0 -7.383***

Government Assistance (dummy) 13.8 34.5 13.4 34.1 15.2 36.0 -1.072

Equipment Vintage (%) 15.3 26.28 16.0 26.659 14.478 24.662 0.819

Real net profits (million 2010 VND) 561.615 6046.427 459.278 6563.745 984.302 3069.88 -1.767*

Real indirect cost (million 2010 VND) 261234.4 818727.8 187370.6 584140.8 566794.4 1385222 -9.636***

Average price per unit (1000 VND) 3896.935 21958.91 3972.549 22695.12 3584.133 18622.73 0.361

Real raw materials costs (million 2010 VND) 5860.855 154363.3 5639.822 171862.7 6774.801 15276.57 -0.15

Observations 2666 2147 519

Summary statistics for dummy variables (1/0) show percentages.
Real values are calculated using annual GDP deflator with 2010 as base year.Calculations are based on the balanced sample for
the 2011 and 2013 waves.
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Table 3: Determinants of Certificate Adoption

Dependent variable: Adoption of Environment Standards Certificate

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES Probit full Probit balance 2SLS 2SLS 2SLS 2SLS 2SLS 2SLS

Pooled RE

ESC Adoption: IV 0.364*** 0.306*** 0.290*** 0.199*** 0.191*** 0.088**
(0.023) (0.023) (0.024) (0.026) (0.027) ( 0.043)

Firm Age (logs) 0.0889* 0.111 0.005 0.006 0.002 0.001 0.266***
(0.0497) (0.120) (0,012) (0.013) (0.013) (0.014) (0.091)

Firm size (logs) 0.424*** 0.727*** 0.102*** 0.093*** 0.090*** 0.096*** -0.011
(0.0403) (0.0997) (0.011) (0.013) (0.012) (0.012) (0.025)

Innovation (dummy) -0.143** 0.0873 -0.019 -0.019 0.002 -0.001 0.022
(0.0603) (0.124) (0.015) (0.016) (0.015) (0.016) (0.022)

Training (dummy) 0.0235 -0.168 0.012 0.002 -0.002 0.001 -0.014
(0.0630) (0.120) (0.018) (0.018) (0.017) (0.018) (0.023)

Intermediate output (%) -0.00202** -0.00130 0.000 0.000 0.000 0.000 -0.000
(0.000902) (0.00196) (0.000) (0.000) (0.000) (0.000) (0.000)

Association (dummy) 0.104 0.435** 0.044 0.04 0.057* 0.060** 0.040
(0.0951) (0.213) (0.029) (0.030) (0.030) (0.030) (0.048)

Loans (dummy) 0.0638 -0.0616 0.008 0.001 0.005 -0.001 -0.016
(0.0651) (0.135) (0.017) (0.017) (0.017) (0.017) (0.024)

Raw Material from Household (%) -0.00352 -0.0113** -0.001** -0.001* -0.002*** -0.002*** -0.001
(0.00256) (0.00519) (0.001) (0.001) (0.001) (0.001) (0.001)

Capital Labour Ratio 0.168*** 0.231*** 0.025*** 0.031*** 0.019*** 0.023*** 0.014
(0.0274) (0.0615) (0.007) (0.007) (0.007) (0.007) (0.012)

Capacity (dummy) 0.00907 0.255** 0.030** 0.028* 0.036** 0.034** 0.040*
(0.0601) (0.126) (0.015) (0.015) (0.015) (0.015) (0.023)

E-trading (dummy) 0.126 0.316 0.067* 0.065* 0.059* 0.066* -0.022
(0.101) (0.194) (0.036) (0.037) (0.036) (0.036) (0.045)

Competition (dummy) 0.0102 0.321* 0.034 0.031 0.037* 0.040* 0.030
(0.0918) (0.188) (0.023) (0.023) (0.023) (0.023) (0.035)

Government Assistance (dummy) -0.0862 -0.150 -0,029 -0,029 -0,028 -0,026 -0.008
(0.0759) (0.159) (0.020) (0.020) (0.021) (0.020) (0.026)

Machine Vintage (%) -4.15e-05 -0.00137 0.000 0.000 0.000 0.000 0.000
(0.00108) (0.00224) (0.000) (0.000) (0.000) (0.000) (0.000)

Constant -2.703*** -3.900*** 0.068*** -0.221*** -0.297*** -0,061 -0.128* 0.278
(0.218) (0.551) (0.009) (0.047) (0.058) (0.056) (0.066) (0.236)

Observations 3,680 2,662 2,666 2,666 2,666 2,666 2,666 2,666
Number of id 2,350 1,332 1,333 1,333 1,333 1,333 1,333 1,333
R-squared Adj. 0,1562 0,143 0,215 0,226 0,25 0,253

t-stats 15,58 13,23 12,02 7,67 7,14
Legal FE YES YES NO NO YES YES YES NO
Province FE YES YES NO NO YES NO YES NO
Sector NO YES NO NO NO YES YES NO
Year FE YES YES NO NO YES YES YES YES
Firm FE NO NO NO NO NO NO NO YES
Kleibergen-Paap F-statistic (weak) 242,606 175,04 144,694 58,978 51,043 4.178
Kleibergen-Paap LM-statistic (under) 134,677 125,488 110,373 45,012 40,296 8.282
Cragg-Donald Wald F-statistic (weak) 445,593 315,33 255,064 99,847 85,719 12,911

*, **, *** denote statistical significance at the 10%, 5% and 1% level, respectively. Numbers in parentheses represent clustered
standard errors at the firm level. All numbers in the table were rounded to 3 decimal places. Real values are calculated using
annual GDP deflator with 2010 as base year.Calculations are based on the balanced sample for the 2011 and 2013 waves.
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Table 4: Impact of Environmental Standards Certificates on Resource Intensity

Dependent Variable: Resource Intensity (logs)

(1) (2) (3) (4) (5) (6) (7) (8)
VARIABLES OLS Fixed Effects 2 SLS 2 SLS 2 SLS 2 SLS 2 SLS 2 SLS

ESC Adoption -0.505*** -0.247 -2.282*** -2.391*** -3.361*** -1.353* -0.841 -2.305
(0.161) (0.166) (0.453) (0.542) (0.565) (0.752) (0.778) (2.027)

Firm Age (logs) 0.171 0.511*** -0.039 -0.034 -0.098 0.733
(0.346) (0,095) (0,102) (0,082) (0,082) (0.674)

Firm size (logs) -0.0479 -0.044 0.283** 0.085 0.131 -0.066
(0.113) (0.111) (0.114) (0.106) (0.115) (0.118)

Innovation (dummy) 0.0127 -0.922*** 0.379*** 0.160* 0.191** 0.056
(0.0915) (0.135) (0.112) (0.094) (0.091) (0.106)

Training (dummy) 0.0631 1.155*** 0.281** 0.360*** 0.271** 0.019
(0.111) (0.164) (0.139) (0.117) (0.117) (0.128)

Intermediate inputs (%) -0.000745 -0.002 0.001 -0.001 0.000 -0.002
(0.00171) (0.002) (0.002) (0.002) (0.002) (0.002)

Association (dummy) -0.203 0.937*** 0.151 0.046 -0.179 -0.107
(0.187) (0.228) (0.204) (0.173) (0.174) (0.225)

Loans (dummy) 0.127 0.713*** 0.420*** 0.424*** 0.305*** 0.091
(0.118) (0.143) (0.127) (0.107) (0.106) (0.128)

Raw Material from Household (%) -0.0130*** 0.028*** -0.012*** -0.008* -0,005 -0.014***
(0.00422) (0.006) (0.005) (0.004) (0.004) (0.005)

Capital Labour Ratio 0.0941 -0.261*** 0.113* 0.103** 0.137*** 0.126*
(0.0591) (0.060) (0.058) (0.047) (0.049) (0.067)

Capacity (dummy) -0.0360 0.419*** 0.126 0.148 0.043 0.039
(0.0991) (0.138) (0.118) (0.102) (0.102) (0.129)

E-trading (dummy) 0.704*** 0.414 0.488* 0.321 0.262 0.662***
(0.202) (0.277) (0.258) (0.226) (0.219) (0.212)

Competition (dummy) -0.165 0.445** 0.203 0.018 0.006 -0.116
(0.182) (0.215) (0.186) (0.161) (0.158) (0.190)

Government Assistance (dummy) -0.259** -0.494** -0.288* -0,182 -0,2 -0.269**
(0.126) (0.195) (0.155) (0.132) (0.128) (0.129)

Machine Vintage (%) -0.000175 -0.005** -0,003 -0,002 -0.003* 0.000
(0.00169) (0.002) (0.002) (0.002) (0.002) (0.002)

Constant -1.005*** -3.575*** -0.659*** -1.959*** -4.530*** -4.745*** -4.923*** -0.827
(0.0709) (0.860) (0.103) (0.407) (0.464) (0.318) (0.359) (1.203)

Observations 2,666 2,666 2,666 2,666 2,666 2,666 2,666 2,666
Number of id 1,333 1,333 1,333 1,333 1,333 1,333 1,333 1,333
R-squared 0.004 0.811 -0,042 0,039 0,404 0,574 0,597 0,773

Legal FE NO YES NO NO YES YES YES NO
Province FE NO YES NO NO YES NO YES NO
Sector NO YES NO NO NO YES YES NO
Year FE NO YES NO NO YES YES YES YES
Firm FE NO NO NO NO NO NO NO YES

*, **, *** denote statistical significance at the 10%, 5% and 1% level, respectively. Numbers in parentheses represent clustered standard
errors at the firm level. All numbers in the table were rounded to 3 decimal places. Real values are calculated using annual GDP
deflator with 2010 as base year.Calculations of the balanced sample are based on 2011 and 2013 waves.
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Table 5: Disaggregated Resource Intensity by Source: Electricity-Fuel and Water

Electricity Intensity Fuel Intensity water Intensity

Variables Model 1a Model 2a Model 3a Model 1b Model 2b Model 3b Model 1c Model 2c Model 3c

ESC Adoption -2.723*** -3.780*** -1.203 -2.686*** -3.583*** -1.797** -1.512** -2.804*** -1.323
(0.582) (0.625) (0.801) (0.596) (0.613) (0.844) (0.587) (0.566) (0.843)

Firm Age (logs) 0.489*** -0.044 -0.041 0.469*** -0.090 -0.069 0.491*** -0.004 -0.019
(0.101) (0.110) (0.086) (0.101) (0.109) (0.091) (0.109) (0.116) (0.096)

Firm size (logs) 0.015 0.320*** 0.095 -0.055 0.272** 0.040 -0.297** 0.058 -0.055
(0.117) (0.123) (0.112) (0.121) (0.124) (0.120) (0.118) (0.123) (0.119)

Innovation (dummy) -0.846*** 0.476*** 0.221** -0.999*** 0.324*** 0.130 -1.111*** 0.275** 0.191
(0.139) (0.118) (0.096) (0.143) (0.121) (0.106) (0.158) (0.137) (0.120)

Training (dummy) 1.194*** 0.330** 0.399*** 1.213*** 0.332** 0.391*** 1.140*** 0.518*** 0.566***
(0.169) (0.145) (0.120) (0.178) (0.151) (0.130) (0.183) (0.158) (0.137)

Intermediate inputs (%) -0.003 0.001 -0.002 -0.002 0.001 -0.001 -0.005** -0.002 -0.003
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Association (dummy) 0.923*** 0.143 -0.024 0.844*** 0.158 0.116 0.863*** 0.203 0.041
(0.236) (0.219) (0.176) (0.250) (0.221) (0.192) (0.288) (0.263) (0.248)

Loans (dummy) 0.662*** 0.419*** 0.369*** 0.789*** 0.404*** 0.483*** 0.615*** 0.239 0.116
(0.149) (0.135) (0.110) (0.153) (0.137) (0.118) (0.171) (0.154) (0.136)

Raw Material (%) 0.030*** -0.012** -0.005 0.027*** -0.011** -0.009* 0.025*** -0.004 -0.004
(0.006) (0.005) (0.005) (0.006) (0.005) (0.005) (0.007) (0.005) (0.005)

Capital Labour Ratio -0.254*** 0.102 0.099** -0.216*** 0.181*** 0.128** -0.322*** 0.078 0.083
(0.063) (0.063) (0.050) (0.065) (0.062) (0.051) (0.071) (0.067) (0.056)

Capacity (dummy) 0.456*** 0.161 0.150 0.501*** 0.199 0.222** 0.431*** 0.145 0.135
(0.143) (0.127) (0.105) (0.148) (0.126) (0.112) (0.161) (0.143) (0.127)

E-trading (dummy) 0.379 0.436 0.264 0.406 0.567* 0.397 0.421 0.607** 0.418
(0.286) (0.273) (0.230) (0.307) (0.291) (0.261) (0.318) (0.298) (0.288)

Competition (dummy) 0.613*** 0.391** 0.180 0.299 0.077 -0.082 0.288 0.205 0.009
(0.223) (0.194) (0.160) (0.230) (0.208) (0.187) (0.262) (0.234) (0.197)

Government Assistance (dummy) -0.555*** -0.345** -0.213 -0.432** -0.223 -0.118 -0.625*** -0.232 -0.099
(0.202) (0.167) (0.137) (0.199) (0.162) (0.145) (0.215) (0.186) (0.168)

Machine Vintage (%) -0.005* -0.002 -0.001 -0.007** -0.005** -0.004** -0.009*** -0.008*** -0.007***
(0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.003) (0.002) (0.002)

Constant -2.773*** -5.230*** -5.782*** -3.064*** -5.802*** -5.617*** -6.867*** -7.134*** -7.078***
(0.428) (0.491) (0.330) (0.444) (0.505) (0.358) (0.502) (0.382) (0.422)

Observations 2664 2664 2664 2466 2466 2466 1966 1966 1966
Number of id 1333 1333 1333 1305 1305 1305 1145 1145 1145
R-squared 0.019 0.360 0.571 0.030 0.373 0.523 0.085 0.395 0.540
Legal FE NO YES YES NO YES YES NO YES YES
Province FE NO YES NO NO YES NO NO YES NO
Sector NO NO YES NO NO YES NO NO YES
Year FE NO YES YES NO YES YES NO YES YES

*, **, *** denote statistical significance at the 10%, 5% and 1% level, respectively. Numbers in parentheses represent clustered standard errors
at the firm level. All numbers in the table were rounded to 3 decimal places. Real values are calculated using annual GDP deflator with 2010
as base year.Calculations of the balanced sample are based on 2011 and 2013 waves.
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7.1 Figures

Figure 1: Distribution of Environmental Standards Certificate in Manufacturing
Sector (2011-2013)

Source: Author’s Calculation based on Vietnamese manufacturing SMEs surveys for balanced sample (2011-2013) .
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Figure 2: Customers requiring certification

Source: Author’s Calculation based on Vietnamese manufacturing SMEs surveys for balanced sample (2011-2013) .

Figure 3: Reasons for Certificate Adoption

Source: Author’s Calculation based on Vietnamese manufacturing SMEs surveys for balanced sample (2011-2013) .

29


	Introduction
	Environmental Management Standards in Vietnam
	Theoretical Foundation and Literature Review
	Empirical Approach: Data and Methodology
	Data
	Empirical Model and Estimation Strategy
	Panel Regression Method
	Problem of Endogeneity: Instrumental Variable Approach


	Results and Discussion
	Descriptive Statistics
	The Adoption of Environmental Standard Certificate
	The Effect of Certificates on Resource Intensity 
	Robustness checks

	Conclusion
	Tables and Graphs
	Figures


