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Abstract— Sustainable manufacturing is the creation of 

manufactured products through economically-sound 

processes that minimize negative environmental impacts 

while conserving energy and natural resources. Sustainable 

manufacturing also enhances employee, community, and 

product safety.  In this paper, the main focus are on the review 

of tools and technology respecting on the simulation 

technology where it has been a significant tool for improving 

manufacturing operations with the measures and studies at 

the three basic elemental levels involved; environmental, 

economic and social. 
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I. INTRODUCTION 

Throughout the context of environmentally friendly concepts, 

sustainability is commonly used in the design and 

construction of new or renovated facilities especially in 

industries. Currently it has been applied in many areas or 

fields especially in engineering, manufacturing and industries 

sectors.  

 Since nowadays modern manufacturing consumes 

large amounts of resources, generates waste, and pollutes the 

natural environment, sustainability is an increasingly 

important requirement for human activity, making 

sustainable development a key objective in human 

development [1]. It should address the social, economic and 

environmental concerns simultaneously in the process (refer 

to Figure 1). It can be defined as technologies development 

which transforms materials without emission of greenhouse 

gases, use of non-renewable materials or generation of waste 
[2]. With the reference towards the vision of production 

systems, sustainability needs the quality of individual and 

social life with limiting environmental issues and 

economical. In other source, sustainable manufacturing adds 

value to materials, components, or products while 

maintaining the availability of natural resources and 

environmental quality for future generations [3].As addition, 

it also can be defined as the creation of goods and services 

using processes and systems that are [4]: 

1) non-polluting;  

2) conserve energy and natural resources; 

3) economically viable; 

4) safe and healthy for workers, communities, and 

consumers 

5) socially and creatively rewarding for all working people 

 In recent years, sustainability in manufacturing has 

been an effective solution in order for the continuous growth 

outcomes and also supports the expansion of the industry. 

The industrial societies had highlighted the importance of the 

relationship between manufacturing operations and the 

natural environment as nowadays lots of manufacturers are 

concerned about the implementation of sustainability. In 

implementation of sustainability involves several factors 

which contribute to challenge and complex. Some of the 

factors are social desires, engineering technology, health and 

welfare of people economics and etc. Thus in term of 

achieving sustainability, the manufacturing needs balancing 

in economic and environmental societal objectives with 

complete supportive policies and practices. Sustainability 

manufacturing is more focusing on expanding processes with 

decisions towards the social and natural environments 

corresponds in reducing or eliminating any negative impact 

while pursuing the desired level of technological and 

economic performance [5]. 

 
Figure 1: Sustainability as the intersection of its three key 

parts, and examples of features at the intersection of any two 

parts 

(Source: Marc A. Rosen and Hossam A. Kishawy) 

 In terms of adopting sustainable manufacturing into 

the company’s strategic initiatives, several significant drivers 

play the roles which are [4]: 

1) The current global economics crisis has exposed the 

fragility and, in some cases, non- viability of existing 

business models targeting the highest economic growth 

without assessing and mitigating the negative impacts 

outside the company’s boundaries. 

2) The reality of climate change, its anthropomorphic 

causes and the need to reverse its trend, before the 

consequences on the human habitat are too serious 

3) The pressures from all categories of stakeholders: 

customers, investors, employees, suppliers, competitors, 

communities, local and national governments, 

international regulatory bodies, non-governmental 

organizations 

4) Scarcity of critical resources for operations: energy, raw 

materials, water and the price volatility caused, in part, 

by increased competition for and increased extraction 

costs of depleting virgin materials and non-renewable 

resources 

II. SUSTAINABLE MANUFACTURING 

Sustainable manufacturing is a current trend in nowadays 

industries in order to assist and sustain the living standard of 

current society health, current environmental and economic 

goals [6]. Sustainable manufacturing will benefits the 

community since sustainable manufacturing implement 

environmental friendly manufacturing process and aims to 

eliminate waste during manufacturing process [7]. In this 

paper, the most current trend of sustainable manufacturing in 
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industry that will be discussed are in term of product design 

sustainability, the sustainable material, energy and waste in 

manufacturing, and the impact of sustainable manufacturing 

development in society, environmental and economics. 

 Product Design Sustainability 

In order to sustain any type of manufacturing industry in the 

near future, manufacturers need to design a sustainable 

product. The new product design criteria must be stable 

technologically, the product functional must be easy to 

upgrade, durable and long life cycle, easy to maintain and 

repair, and the most importance one is the quality assurance 

of the product [8]. Hence, designers need to ‘think big’ and 

eliminate the lame traditional thinking and effectively 

designing the total product life cycle as a new sustainable 

product. The product design process must be start from 

product planning, product design and manufacturing, product 

usage, maintenance and recycling wastage [9]. This closed 

loops product life cycle will benefits not only the 

manufacturer, but also to the environmental and society since 

the product is functional and reusable product that designed 

to adapt with preplanned and controlled sustainable process 

such as recycling and maintenance process [10].  

 Current Sustainable Product Design Technology  

Additive Manufacturing is one of the current trend 

technologies to sustain a product design since additive 

manufacturing breaks designer barriers to have sustainable 

design perspectives. Designers can have unrestricted 

manufacturing in creating what the society pleasures, desires 

and sustains deep attachment between product and designer. 

As a result, in sustaining the product design will give good 

outcome in fully optimizing the economic and social impact, 

and minimizing harmful towards environment [11]. 

 Additive rapid-prototyping processes are the process 

which used the concept of constructing object layered-by 

layers. As for easier visualization of the process, imagine that 

bakers want to bake a layer cake. The steps used are by 

stacking and bonding individual slices of cakes on top of each 

other. This individual slices thickness normally ranges 

between 0.1 to 0.5 mm thick [12]. Thus, there are various 

methods of producing these individual slices such as 3D 

printing (Figure 2). 

 
Fig. 2: Schematic illustration of the three-dimensional-

printing process 

(Source: After E. Sachs and M. Cima) 

 Nowadays, current trends and technology applied in 

3D printing in manufacturing industry is the 3D printing 

machine can produce full-color prototypes by using multiple 

binder print heads. This technology applied green 

environment condition that is safe and environmental friendly 

usage. Thus, the advantage using this 3D printing are this 

technology are widely available, low cost, and the ability to 

produce product in a variety of materials with a selective 

colors [13]. Some applications using the additive 

manufacturing nowadays are in medical products such as 

hearing aids, the aviation, automotive and marine industries 
[11]. 

 The Impact of Sustainable Manufacturing Development 

in Society, Environmental and Economics 

To achieve sustainable manufacturing, manufacturer must 

integrate these three core components of stability which is 

sustainable in environment, economy and society 

management system [5]. These three components will be 

discussed in this paper. For any manufacturing industries to 

sustain nowadays, manufacturer must put concern on 

reducing the impact of their manufacturing process towards 

environmental. Thus, inculcating environmental conscious is 

a must before manufacturers start to implement enhancement 

on the process improvement and optimized manufacturing 

process, plan carefully on new process development and 

process planning to sustain in manufacturing industry [14]. As 

for example, Panasonic is committed to implement the green 

environmental friendly plant by using the lead free soldering 

to all Panasonic products such as DVD players and digital 

camera.  

 The Panasonic employee also will be given 

education and training on regarding environmental conscious 

manufacturing since Panasonic founder Konosuke 

Matsushita want to engage their employee with the eco-

manufacturing working condition [15]. Thus to measure the 

sustainability performance of each companies, the Science, 

Technology and Industry had introduced OECD, which is a 

sustainable manufacturing measuring toolkit for expert and 

non-expert usage for small and medium manufacturers [5]. 

 The impact of implementing sustainable 

manufacturing is to inculcate motivation among the society 

to implement green and environmental friendly plant. This 

also will lead to be the best quality performance within the 

entire manufacturer, and the most important impact is this 

sustainable environment concern will lead to high 

competitive advantage among manufacturer in the near 

future.  

III. TOOLS AND TECHNOLOGY –MODELING AND SIMULATION 

The sustainable manufacturing minimize all the negative 

environmental impacts, conserve energy and natural 

resources, safe condition for people; employees, 

communities, and consumers, and also economically involves 

in the processes of manufactured products.   

 Hence, this requires a proper design of a 

manufacturing system that related to several subjects such as 

tooling strategy, material-handling methods, system size, 

process and material flow configuration, flexibility needed 

for future engineering changes, production methods, capacity 

adjustment, and production floor layout strategy. Besides 

that, economic and ecological constraints also need to be 

taken into account as well. Nowadays, there are commonly 
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existing of supportive design development, and analysis 

process that can be employed for sustainability assessment 

which are throughout the modeling and simulation 

techniques. 

 Sustainable Manufacturing Mapping (SMM) 

In the Sustainable Manufacturing Mapping (SMM), it is 

based on Value Stream Mapping (VSM), Life Cycle 

Assessment (LCA), and Discrete Event Simulation (DES) 

where it also takes sustainability indicator into consideration 
[16].  

 Through the LCA method, the assessment can be 

accomplished by identifying and quantitatively describing the 

product requirements for energy and materials, and the 

emissions and waste released into the environment [17]. LCA 

is more towards evaluating the environmental impacts. It is 

standardized as International Standardization Organization 

(ISO) 14040 (2006) and ISO 14044 (2006) [16].  Meanwhile, 

the Value Stream Mapping (VSM) is more on identifying 

wasteful material, energy and information flows. This may be 

stated as improving efficiency and counted as a lean 

technique. In term of modeling sequence of operations and 

enables dynamic analysis, Discrete Event Simulation (DES) 

is used especially in manufacturing. LCA, VSM and DES 

have different applications but can complement one another 

(refer to Table 1). 

Feature VSM LCA DES 

Dynamic 

assessment 

Deterministi

c, standard 

or average 

parameter 

Deterministi

c, standard 

or average 

parameter 

Dynamic 

event 

relationship

s, 

probabilisti

c 

parameters 

Publicly 

available 

data 

 

Public LCA 

data 

available 

 

Visualizatio

n 

2D process 

map 

Limited 

process 

view 

3D 

visualizatio

n and 

animation 

Simplified 
User-

friendly tool 
Experts tool 

Experts 

tool 

Standardize

d 

Industrial de 

facto 

standard for 

lean 

manufacturi

ng 

Standardize

d ISO 

14040, ISO 

14044 

Partially 

Framework 

for 

environment

al 

impact 

analysis 

Methodolog

y has 

been 

presented 

The main 

tool 

Mostly 

research 

initiatives, 

also 

commercial 

solution 

entering 

the market 

Table 1: Characteristics of VSM, LCA, and DES used in 

SMM [16] 

 By combining elements from environmental 

assessment tools, simulation, and value stream mapping for a 

model that is simple to use, has high visualization, and 

provides a framework for environmental assessment as well 

as assessment of other sustainability indicators.  

 DES and VSM 

As a process modeling tool, VSM specifies the activities, 

cycle times, downtimes, and delays, and identifies 

bottlenecks and non-value-added activities in the production 

or in the logistics [16]. Currently, there are lots of VSM 

software tools instead of conventional VSM which is created 

with a pen and paper. It is possible for modeling of more 

complex systems such in production lines. 

 With addition of simulation to VSM, the parameters 

will be added to changing production volumes, evaluate 

bottlenecks, and buffer levels. The usage of Automod and 

Excel will introduce a simulation-based VSM. This means 

that simulation will make the VSM more dynamic. There are 

ways to automate the creation of a simulation model from the 

digital VSM model. Selected software tools such as Process 

Simulator, Simul8, and VisioSim support simulation of the 

process maps created with Microsoft Visio, while others such 

as Arena, SimCad, and Extend offer specific VSM templates 
[16]. 

 LCA, DES, and VSM 

Life Cycle Thinking (LCT) is a management philosophy that 

seeks to identify possible improvements to goods and 

services in the form of lower environmental impacts across 

all life cycle stages [16]. In LCT, raw material extraction and 

conversion, manufacture and distribution, use and re-use, 

recycling of materials, energy recovery, and ultimate disposal 

will be the references.  

Life Cycle Assessment (LCA) is related on LCT and whereby 

it consists of four stages:  

1) goal and scope definition,  

2) data inventory analysis,  

3) environmental impact assessment 

4) interpretation of the output data for application use.  

 For environmental analysis, it can be operates with 

a simulation model in the SIMTER tool [16]. The SIMTER 

project is one of the efforts being made to introduce joint 

analysis of [17]:  

1) environmental impact calculations in combination 

with discrete event simulation 

2) virtual analysis tool for level-of-automation 

evaluations in combination with ergonomic 

considerations. 

 The SIMTER is capable for environmental 

assessment by using Microsoft (MS) Excel 3D robotics and 

factory simulation tool, and 3D Create from Visual 

Components where SIMTER is a holistic, integrated 

production system simulation and environmental analysis 

method [17]. As serving for the cross-disciplinary decision-

making tool, SIMTER, the aim is for sustainable and 

simultaneous analysis of the level of automation, human 

ergonomics, productivity, and environmental aspects of the 

production system.  



A Review of Current Trends in Sustainable Manufacturing 

 (IJSRD/Vol. 7/Issue 03/2019/205) 

 

 All rights reserved by www.ijsrd.com 793 

 
Fig. 3: The SIMTER tool covers the system planning phase 

(Source: Juhani Heilala et al.) 

 For providing carbon monitoring, it is advisable to 

use the latest version of Simul8 DES software while for 

optimizes energy use, Witness Power with Ease is suitable 

and capable to be used [16]. System Dynamics (SD) modeling 

can also be used for environmental aspects analysis. 

 Lean  

Lean manufacturing means eliminating wastes by identifying 

non value added activities thorough out the supply chain [18]. 

Lean manufacturing, which is also called as lean production, 

is a set of tools and methodologies that aims for the 

continuous elimination of all waste in the production process. 

Lean manufacturing can also be defined as manufacturing 

philosophy which shortens the time line between the 

customer order and the product shipment by eliminating 

waste which anything that adds cost to the product without 

adding value. The focus of the approach is on cost reduction 

through eliminating non value added activities via applying a 

management philosophy which focused on identifying and 

eliminating waste from each step in the production chain 

respective of energy, time, motion and resources alike 

throughout a product’s value stream [19]. 

 In order to generates high profit of the business and 

reduces production costs, the manufacturer must minimize or 

eliminate the waste during producing the product [20]. Every 

waste one will come across in the organization or even in day-

to-day life, will fall into one of these seven categories [21] as 

shown in Figure 4: 

1) Waiting 

2) Transportation 

3) Excessive processing 

4) Motion 

5) Defects 

6) Low function’s capability of machine. 

7) Over-production  

8) Inventory  

 
Fig. 4: Types of wastes 

(Source: Bharat Kaushik and Arvind Sundriyal) 

 By eliminating waste at all levels of the 

manufacturing infrastructure, it will give an outcome of the 

effective measure for cutting unnecessary costs without 

sacrificing quality whereby the costs come in the form of 

using material, manpower, and time [22] 

 The system focused on pinpointing the major 

sources of waste, and then using tools such as JIT, production 

smoothing, setup reduction and others to eliminate the waste. 

Following are a very brief description of the most common 

lean tools [23]: 

 Cellular manufacturing: Organizes the entire process for 

a particular product or similar products into a group (or 

‘‘cell’’), including all the necessary machines, 

equipment and operators. Resources within cells are 

arranged to easily facilitate all operations. 

 Just-in-time (JIT): A system where a customer initiates 

demand, and the demand is then transmitted backward 

from the final assembly all the way to the raw material, 

thus ‘‘pulling’’ all requirements just when they are 

required. 

 Kanbans: A signaling system for implementing JIT 

production. 

 Total preventive maintenance (TPM): Workers carry out 

regular equipment maintenance to detect any anomalies. 

The focus is changed from fixing breakdowns to 

preventing them. Since operators are the closest to the 

machines, they are included in maintenance and 

monitoring activities in order to prevent and provide 

warning of malfunctions. 

 Setup time reduction: Continuously try to reduce the 

setup time on a machine. 

 Total quality management (TQM): A system of 

continuous improvement employing participative 

management that is centered on the needs of customers. 

Key components are employee involvement and training, 

problem-solving teams, statistical methods, long-term 

goals, and recognition that inefficiencies are produced by 

the system, not people. 

 5S: Focuses on effective work place organization and 

standardized work procedures. 
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