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Abstract The aim of this study is to develop a conceptual framework to improve  industrial waste, 
particularly in Small and Medium Enterprises (SMEs) . A conceptual framework is developed by integrating 
Life Cycle Assessment (LCA) tool and cleaner production method. LCA is utilized to evaluate and identify 
waste along the life cycle of product/services. On the other hand, cleaner production method is implemented 
to reduce the most significant waste along SMEs activities. By using LCA, the significant waste will be 
identified. Furthermore, cleaner production will be implemented to the significant waste to improve the 
environmental performance of SMEs activities. Cleaner production strategies such as product modification, 
Input substitution, technology modification, reuse/recycling, and good housekeeping are applied to prevent 
waste generation from SMEs. Furthermore, the integration between LCA tool and CP method significantly 
improve the environmental performance during the industrial activities. CP and LCA were successful to 
improve environmental performance in term of raw material saving, water saving, energy saving and 
wastewater reduction. 
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1. Introduction 

Since the Industrial revolution, the number 
of industries has increased significantly in the 
world in order to produce tools or products for 
human life.  The growth of industries increase 
as a result of technological advances to 
cultivate and to utilize natural resources for 
improving human quality. As a result, the 
number of industrials  raises up in each country 
in the world. In Indonesia, the growth of 
industries increase very impressive, in 2014 
there were 23941  large-scale industries, while 
small and medium - scale reaching 3,220,563 
[1]. On the other hand, the growth of industries 
requires huge natural resources such as raw 
materials, fuels, electricity and chemicals 
subtances to produce tools or products. 
Consequences, industrial activities generate 
huge waste, such as air emission, wastewater, 
soil pollution that will decline the 
environmental performance. [2] Stated that the 
world's waste is about 11 billion tons where 
manufacturing industries have the largest 
contribution by 60% of total world waste 
production, mining by 15%, oil / gas by12%, 
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agriculture by 9%, municipal waste by 16% and 
other by 1.1%. The statement of (Bilatos and 
Basaly, 1997) is reasonable because the huge 
natural resources, such as raw materials, 
fuel/energy and technology for the 
manufacturing industry are   required. Also,  the 
excessive chemical substances for industrial 
processes are needed. As a result, the massive 
waste from manufacturing process is generated 
every year.  

Furthermore, the impact of waste 
generating from industry activities has declined 
the environmental performance. The 
environmental contaminations, for example, 
harmful chemical and toxic substances in water, 
soil, and air are very dangerous for human 
health. Therefore, the industrial waste becomes 
a global problem and each country has 
responsibility to reduce the environment 
impact.  As a result, this phenomenon makes 
environmental factors as barriers to trade in the 
international trading system [3]. Environment 
as barriers to trade is implemented by applying 
various standards, such as international 
standards (eg. ISO, Ecolabel) as well as buyer 
requirement. The enforcement of environmental 
standards on a product / service leads to a tight 
market and it becomes a challenge for industry 
business to face it. 
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Moreover, waste treatment requires 
considerable additional cost, which drives 
obstacle for industry in managing waste, 
especially for small and medium scale 
industries (SMEs)[4]. This problem causes 
environmental pollution get worse when 
followed by weak law enforcement. It is 
therefore necessary to put environmental 
aspects into an integral part of SMEs activities, 
so that the environmental problem is no longer 
a separate part of the SMEs activities.  

To respond this situation, it is important 
to find appropriate method and strategy in order 
to prevent waste generating during the 
industrial processing with low cost. Currently, 
the most method widely use to manage 
industrial waste management methods is the old 
paradigm with an end-of-pipe treatment 
approach. This method focuses on waste 
treatment and disposal management [5].  
However, this method cannot provide solutions 
to solve existing environmental problems 
because environmental degradation is still exist.   
This concept raises many obstacles, such as this 
method can be implemented after the waste is 
formed [5]. 

To overcome the above problems, this 
study attempts to examine the prevention of 
industrial waste by approaching cleaner 
production (CP). Cleaner production is a 
preventive, integrated and continuously applied 
environmental management strategy for 
production, product and service to improve eco-
efficiency, reducing risks to human health and 
the environment [6]. To optimize implement of 
CP, a comprehensive environmental impact 
assessment needs to be conducted in each cycle 
of industry activities. Hence, life cycle 
assessment is utilized to identify waste in each 
life cycle stages of SMEs. LCA tool is widely 
used to assess and identify environmental 
impacts along the supply chain of products in 
the world including in Indonesia, for example, 
LCA study of Liquid Computer Display (LCD) 
has done to identify the largest environmental 
impact during the production of LCD [7]. 

Therefore, the aim of this paper is to 
develop a conceptual framework in order to 
improve environmental performance of 
industries, particularly in SMEs. 
 
 

2. Method 
This section will discuss methods for 

assessing and mitigating environmental impacts 
on industrial activities, particularly for small 
medium-sized manufacturing. In this study will 
discuss the framework by integrating life cycle 
assessment tool and cleaner production method 
(CP) for improving environmental performance 
of SMEs activities. 
 
2.1. Life Cycle Assessment 

Life cycle assessment (LCA) is a tool to 
assess and evaluate environmental impacts 
during the lifecycle of a product or service ISO 
14040, 2006 [8]. The LCA approach applies an 
international standard to assess and evaluate 
environmental impacts for products and 
services [9].  Thus, the LCA for assessing and 
evaluating environmental impacts is widely 
used in the world. LCA will assess the potential 
environmental impacts along the supply chain 
of product/ services, from raw material extracts, 
raw material process, manufacturing processes, 
distribution and transportation, and end of life 
product. The implementation of LCA is based 
on International standard   ISO 14040, 2006 
with the following steps; the first step is the 
determination of the goal and scope, the second 
step is to inventory analysis, the third step is 
impact Assessment and the last step is 
interpretation [7](Fig.1). The steps of LCA will 
discuss below. 
a. Goal and Scope Definition 

The first step of implementation LCA is to 
determine goal and scope definition. 
Boundaries and functional units should be 
determined to facilitate inventory analysis. 

b. Inventory Analysis 
Inventory analysis is the LCA phase 
involving the compilation and 
quantification given product system 
throughout its life cycle . Therefore, 
Inventory analysis is the most critical step 
for implementing LCA.  The good quality 
data for Inventory analysis will produce 
good results and otherwise bad quality 
inventory will produce a bad LCA result 
[10]. So, the inventory analysis steps need 
to be done carefully in the calculation of 
inputs (eg. raw materials, energy), 
processes (eg, production process) and 
output (waste, waste). 
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Figure 1. Life Cycle Assessment Framework 

Source: Curran, M.A, (2013) 
 

c. Life cycle impact assessment (LCIA) 
LCIA is conversion of inventory data into 
environmental impact potentials Impact 
categories, indication, and characterization. 
It is a step to assess the environmental 
impact after inventory analysis was 
conducted. Thus, inventory data is inserted 
into simapro software. Selection of 
environmental impact methods (eg, IDEP, 
eco-indicator 99) is required based on the 
goal and scope of the LCA. 

d. Interpretation 
The LCA phases, in which the findings of 
either the inventory analysis or the impact 
assessment, are combined consistent with 
the defined goal and scope in order to reach 
conclusions and recommendations. 
 

2.2. Cleaner Production 
Cleaner production is a preventive, 

integrated and continuously applied 
environmental management strategy for 
production, product and service to improve eco-
efficiency, and reduce risks to human health 
and the environment [9]. Cleaner Production 
(CP) aims to prevent and minimize generating 
of waste or environmental pollutants throughout 
the stages of the production process. In 
addition, Cleaner production also involves 
efforts to improve the efficiency of the use of 
raw materials and energy throughout the 
production stage. By applying the concept of 
clean production, it is expected that natural 
resources can be more protected. Therefore, CP 

method provides two advantages, such as 
minimizing waste generation that can protect 
environment. Another advantage is efficiency 
in the production process, so that it can reduce 
production costs. Furthermore, we discuss types 
of options that may consider for implementing 
cleaner production [10].  
a. Input Substitution 

Substitute input materials are implemented 
to reduce or eliminate hazardous and toxic 
materials. Hence, substitute input material 
can be implemented by less toxic material or 
by renewable materials or by adjunct 
material which have a longer service 
lifetime in production. [10]. It is important 
to assess the options through 
laboratory/bench scale studies and pilots, to 
ensure that the product quality is not change 
and/or is acceptable to the market. 

b. Technology Change/Modification 
Changing or modifying technology or 
process to reduce waste generation during 
production process is the main strategy of 
technology modification. Technology 
changes including modification of processes 
and equipment can be implemented from 
simple technology with low cost until to 
high technology with large investment. High 
investment to modify equipment will be rose 
benefit by reducing raw material, improving 
production capacity and reducing cost for 
waste management. These options are often 
capital intensive, but can lead to potentially 
high benefits. 
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Figure 2. Integrating LCA  and CP Method 

 
c. Good Housekeeping 

The goal of good housekeeping is to take 
appropriate management and operations to 
prevent leakage, spillage. Good house 
keeping is one of the options for reducing 
resources, including procedural, 
administrative or institutional measures that 
can be used in companies to reduce waste 
generation. 

d. Product Modification 
Product modification can be conducted by 
re-design of products, processes and services   
be changes in products, processes and 
services to reduce its life cycle 
environmental impact. It can be carried out 
by three ways, such as product substitution, 
conservation of products and   changing 
product composition. This can lead to 
benefit such as reduced consumption of 
natural resources, and reduced 
environmental risks. However, product 
modification is a major business strategy 
and may require feasibility studies and 
market survey. 

e. Reuse/Recycle on site is reuse of the wasted 
material in the same process for another 
useful application within the company. In 
various forms including returned to the 
original process, substitute raw materials for 
other production processes, separated for 

recovering useful parts, reprocessed as by-
products. 

 
2.3. A Framework to Improve 

Environmental Performance in SMEs 
Development a conceptual framework for 

evaluating and minimizing industrial waste in 
order to improve the environmental 
performance of industrial activities by 
integrating LCA and CP. Fig. 2 illustrates a 
combination of LCA and CP options in order to 
reduce industrial waste. The first step of this  
framework is to evaluate the environmental 
impacts of life cycle producs/services by 
utilizing LCA tool ( Goal and scope, inventory 
analysis, impact assessment, and interpretation). 
Once the LCA identifies the greatest 
environmental impact of SMEs activities, the 
next step is CP options such as product 
modification, good housekeeping, product 
modification, input subtitution, and technology 
change will be implemented. Furthermore, 
enabling mechanism will be applied  to 
encourage industry/SMEs to adopt this method. 
Goverment/regulator have to take apart to 
support industries for implementing CP 
method. Therefore, goverment/regulator needs  
to provide rewards, such as  tax deductions and 
incentives for SMEs which have implemented  
CP method. 
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3. Discussions and Success Story of CP 
Implementation 

It is very clear that SMEs activities have 
many benefits for improvement economic 
growth. On the other hand, industrial activities 
also produce waste that decrease the 
environmental performance, such as air 
emission,  soil pollution and wastewater. Many 
tools and methods have carried out in order to 
reduce industrial waste. End of pipe method is 
the current concept and widely used to reduce 
industrial waste.  However, this method has 
many disadvantages for reducing industrial 
waste. To overcome this problem,  we need to  
find a method or strategy for reducing SMEs 
waste from the concept of reducing waste in to 
preventing waste generation. Currently, Cleaner 
production is a new concept to prevent 
generating waste with some options such as, 
good housekeeping, product modification 
technology change/modification, and 
reuse/recycling on site. This approach provides 
significant results to prevent generating waste 
and also providing economic benefits. 
Furthermore, to optimize of CP 
implementation, it is necessary to find the most 
significant environmental impact along the 
industrial activities. LCA will be utilized to 
identify the significant environmental impact. 
The integration LCA and CP develop a 
conceptual framework to assess and reduce 
SMEs waste in order to improve the 
environmental performance.  

 Many companies/ organizations have 
applied this concept successfully and gained 
many benefits, such as cost savings, improved 
environmental performance, increased 
productivity, improves work safety, enhanced 
product quality and reduced risks of accidents. 
Success story of CP implementation from 
international and national companies has 
discussed. 3M Company is one of the most 
successful companies for implementing Cleaner 
Production for pollution prevention. 3M 
undertake this pollution prevention program 
with strong commitment from all levels of 
corporate management. Moreover, one of the 
success factors of CP implementation of 3M is 
its ability and willingness to change the 
paradigm of the end-of-pipe approach to an up-
the-pipe approach. The pollution prevention 
program of 3M is known as 3P (pollution, 

prevention, pays), which was developed in 
1975 - 1992. The two basic objectives of 3P 
are: eliminate pollution at the source. These 
efforts will reduce environmental costs, reduce 
energy use, and reduce the use of raw materials 
needed for production; and 3M take into 
account waste as raw materials / resources .  

Another company/organization that 
applied CP is Du Pont Agriculture product 
(AG). AG has a business enterprise on 
agricultural products such as plant protective 
chemicals and biotechnology. With respect to 
the chemicals used for plant protection to be a 
hot issue for Du Pont product users, AG 
management was trying to develop new 
products through the use of natural materials. 
This program was conducted by identifying the 
various problems delivered from consumers 
associated with Du Pont products.  Chemicals 
for protective plant (BKPT, Bahan Kimia 
Pelindung Tanaman) products are a concern of 
consumers, such as producing more efficient 
crops, water protection, soil protection, 
agricultural workers' safety, quantity and 
quality of pesticides established by government 
and food supplier. Furthermore, the cleaner 
production approach is applied by developing 
more effective BKPT products. Finally, the 
BKPT products are able to reduce the use of 
herbicides, reaching 90 % to 99% smaller than 
previous conventional products. As a result, Du 
Pont can increase revenue four times larger than 
before. In 1995, AG revenue reached USD 2.3 
billion [11]. Another SMEs, which have 
succeed-implementing CP, is batik Industries in 
East Java. The SMEs have adopted   CP 
strategies for improving environmental 
performance. The implementation of CP for 
batik industry has been successfully. The 
strategies and benefits of CP implementation 
can bee seen in table 1. Substitution input 
strategy was applied by using natural dye for 
batik coloring process.  Reuse/recycling on site 
was done by reusing of rinsing water, reducing 
spillage during the process of batik. 

The Implementation of CP was successful 
achieved by the industry can not be separated 
from the commitment of all employees from top 
management up to all employees to implement 
CP consistently and continuously. On the other 
hand, government/regulator has a important 
role to promote CP for industry/organization.  
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Table 1. Different companies which have implemented Cleaner Production Strategies 
Name of 
Companies 

CP Strategies Benefits Sources 

3M  Subtititution input, 
Product modification, 
and good housekeeping 

- reducing 170.000 ton air 
pollution 

- reducing 18000 ton 
wastwater 

- reducing 480.000 ton 
solid waste 

- Reducing 2.7 Million 
gallon liquid waste 

- Saving $ 500 B  

[ 11] 

Dupon 
Agriculture 
Product  

Product modification, 
Change technology, 
and subtitution input 

- reducing pestiside 90-99 
% than conventional 
product 

- Increasing saving 4 times 

[ 11] 

Batik Industries Subtitution Input, 
Good Housekeeping, 
and technology 
modification 

- Reducing 50 % LPG 
usage 

- Reducing 54 % kerosene 
usage 

- Reducing 68 % wood 
usage 

- Saving Rp.5.000.000/year 

[12] 

 
Therefore, government/regulator have to 

support CP approach by promoting CP and also 
providing rewards, such as incentives and tax 
deduction to organizations/companies, which 
has implemented CP. 
 
4. Conclusion 

SMEs activities have clearly impacted not 
only economic and social impacts, but also 
have an impact on environmental degradation 
by using natural resources, electricity and fuel. 
As a result, it generates huge waste to the 
environment, such as   air pollution, soil 
pollution and wastewater. Therefore, the 
environmental impact of industrial activities has 
become a global problem in the world. As 
consequence, each country has responsibility to 
reduce industrial waste in order to improve the 
environmental performance. Therefore, it is 
necessary to develop a comprehensive 
environmental impact prevention method with 
low investment. Currently one of the methods 
for waste prevention is Cleaner production. 
This method is powerful to prevent to generate 
waste with low cost. Furthermore, LCA will be 
used to evaluate environmental impacts during 
the production process of SMEs activities. Once 
the potential waste has a large contribution has 

been identified, then CP will be implemented. 
Many companies has succeed in implementing 
CP to improve the environmental performance 
for industries and services in term of reducing 
raw material, energy, electricity and wastewater 
reduction. 
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