
Abstract

Sustainable price creation demands for generating price for all stakeholders from all perspective, i.e. economic, environmental 
and social. During this context, main stress is on making property at product, method and systems level by specialization in 
price modernization to validate perpetual material flow across multiple life-cycles. Pre-requisite for price modernization is largely 
complicated interaction between the socio-technical and natural surroundings. Although, current academic state of affairs with 
standard disciplines is fragmented and do not entitled the mixing needs; it is currently obligatory to merge the varied disciplines 
so as to brought property. Consequently, it is currently obligatory to supply property price overall paradigm shift to the longer term 
generation i.e. engineers, scientists and managers, containing the required technical information, skills and capabilities. This 
paper confers recent trends in such innovative academic programs in property producing. This paper aimed toward approaching 
these notable provocations by compelling modernization in property price propositions for all varieties of academic programs 
i.e. formal degrees and certificate level programs, skilled academic programs, short courses and web-based interactive learning 
programs, etc. to consolidate the modern information required to push added property producing at varied levels.
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Introduction

In current state of affairs increasing awareness towards 
property merchandise and processes, a considerable 
attention is to be placed on establishing education and 
coaching programs in such a fashion that it includes 
relevant curricula for future engineers and scientists to 
supply the essential theories that inculcates applications of 
property science involving product life- cycle engineering 
and property principles for social, economic and 
environmental edges. Over the previous couple of decades, 
ancient producing/production engineering academic 
programs depends on curricula that is predicated on co-
occurring engineering methodologies  whose intention 
is to optimally choose styles and producing practices for 
economic growth by putting special attention on product 
and process styles, practical style development, thought 
choice for product style, materials and method choice, 
method coming up with together with assembly analysis, 
etc. These plans suffer good recognition because of lack 
of property principles.

Although, vital progress is being created within the 
development of latest information or change current 

information so as to include property principles and 
practices in constructing education, however a lot of 
effort is needed to be taken within the broader property 
perspective, to hide the whole production system. This 
requires  complete understanding of the entire life-cycle 
effects involving innovative ways for merchandise, 
processes and systems concerned in producing. Efforts 
ought to be created to sustain the holistic objective in 
industrial production and academic programs should be 
considerably revised. It is been described that efforts to 
create a lot of property should conjointly acknowledge 
property problems in any respect to relevant levels 
like product, process, and system (Badurdeen, 2013). 
At the merchandise level, there is a requirement to 
maneuver ahead from the standard 3R thought towards 
promoting inexperienced technologies (reduce, reuse, 
recycle) to a lot of latest 6R thought forming the idea 
for property producing (reduce, reuse, recycle, recover, 
redesign, remanufacture). Since, this grants for shifting 
from AN open-loop, single life-cycle paradigm towards 
a lot of important, closed-loop, multiple life-cycle 
paradigm (Allenby, 2009). At the method level, there is 
a requirement to optimize technological enhancements 
and at an equivalent time scale back energy and resource 
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consumptions, emission of the harmful wastes, activity 
hazards etc. by developing correct method and coming 
up with while not compromising the merchandise quality 
or the producing productivity (Badurdeen, 2013). At the 
system level, there is a requirement to acknowledge all 
aspects of the whole offer chain by considering all the 
key life-cycle stages – pre-producing, producing, use and 
post-use – over multiple life-cycles (Badurdeen, 2010).

This paper presents a summary regarding the recent 
trends, and also the new challenges that acts as a barrier 
in developing program or change information for 
manufacturing a information that serves next generation 
engineers and somebody with comfortable and  relevant 
information for accomplishing comprehensive property 
at the merchandise, method and system levels in an 
industrial production.

The Role of Education and Coaching 
in Property Applications for 
Manufacturing

Sustainability is the determinant for modernization: 
copious studies and in-depth analysis of property ideas 
and applications reveal that property is one in every of the 
determinant for modernization. The foremost noticeable 
among these studies contains of a recent work revealed 
within the Harvard Business Review (Badurdeen, 2009) 
that presents a five-stage access with important challenges 
and capabilities needed, and also the modernization 
opportunities mentioned for every stage.

Stage 1: Considering conformity as an opportunity; 

Stage 2: Creating price chains sustainable;

Stage 3: Coming up with property merchandise and 
services;

Stage 4: Establishing new business models; and

Stage 5: Fashioning next follow platforms.

A newer MIT study (Badurdeen, 2013) shows that almost 
the entire businesses area unit generating profits from 
property thought. They advocated 5 practices to attain 
this:

∑∑ Requirement for dynamical the business model
∑∑ Moving from the highest to integrate the 

consequences
∑∑ Measuring and following property goals and 

performance

∑∑ Understanding the client expectations for property 
in terms of import and value

∑∑ Incorporating people, customers, businesses and 
teams on the far side boundaries of the organization

Modernization endorses accelerated growth in producing: 
it is proven fact that modernization in industrial production 
with advancement in technologies specifically in product 
and method results in technological advancement 
alongside competitive advantage, and this incorporation 
promotes accelerated growth in producing. 

 Requirement for dynamical the business model 
 Moving from the highest to integrate the consequences 
 Measuring and following property goals and performance 
 Understanding the client expectations for property in terms of import and value 
 Incorporating people, customers, businesses and teams on the far side boundaries of 

the organization 

Modernization endorses accelerated growth in producing: it is proven fact that modernization 
in industrial production with advancement in technologies specifically in product and method 
results in technological advancement alongside competitive advantage, and this incorporation 
promotes accelerated growth in producing.  

<Figure head>Figure 1: Property Price Co-Creation Models (Based on [6]) 

Property merchandise and processes area unit recognized for his or her innovative capability, 
and their contribution towards social and environmental edges. 
Production is that the tool for wealth generation and social well-being: financial system of 
any country massively depends upon the varied parts like producing capability, the range of 
merchandise and processes developed for its population, selling of merchandise to alternative 
nations. Developed and developing nations play an important role in making jobs for social 
well-being and national economic advancement still. 
Provide improved energy and resource potency, Produce minimum amount of wastes, Serve 
operational safety, and Suggest improved personal health. 
While maintaining and/or up the merchandise and method quality there are several definitions 
and descriptions for property producing. Although, the majority of such definitions let down 
of showing the property among the higher than intrinsic parts. Property producing planned 
AN advance manner of generating functionally exceptional merchandise victimization 
property technologies still as producing ways by incorporating offer chain. Thus, integrated 
property producing ultimately facilitates property price creation for all stakeholders. This 
needs following artistic model to get price through property producing whereas price 
generation is approached loosely from a systems thinking perspective considering the 
dependencies among the varied parts like the producer, the patron, the product/service and in 
wider sense social and natural surroundings, as against makers merely providing price 
freelance of the opposite neutral wants (providing price model) or price being assessed 
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Fig. 1: Property Price Co-Creation Models 
(Based on (Davidson 2010))

Property merchandise and processes area unit recognized 
for his or her innovative capability, and their contribution 
towards social and environmental edges.

Production is that the tool for wealth generation and social 
well-being: financial system of any country massively 
depends upon the varied parts like producing capability, 
the range of merchandise and processes developed for its 
population, selling of merchandise to alternative nations. 
Developed and developing nations play an important 
role in making jobs for social well-being and national 
economic advancement still.

Provide improved energy and resource potency, Produce 
minimum amount of wastes, Serve operational safety, and 
Suggest improved personal health.

While maintaining and/or up the merchandise and method 
quality there are several definitions and descriptions 
for property producing. Although, the majority of such 
definitions let down of showing the property among the 
higher than intrinsic parts. Property producing planned AN 
advance manner of generating functionally exceptional 
merchandise victimization property technologies still 
as producing ways by incorporating offer chain. Thus, 
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integrated property producing ultimately facilitates 
property price creation for all stakeholders. This needs 
following artistic model to get price through property 
producing whereas price generation is approached loosely 
from a systems thinking perspective considering the 
dependencies among the varied parts like the producer, 
the patron, the product/service and in wider sense social 
and natural surroundings, as against makers merely 
providing price freelance of the opposite neutral wants 
(providing price model) or price being assessed primarily 
based solely on the interactions between the product/
service and also the surroundings (Adaptive Model) 
(Fig. 1) (Davidson, 2010).

Parts play a strategic move towards property for nations, 
communities and people.  Thus, modernization is 
important for exciting property producing that is a chief 
issue for property growth in any country.

Sustainable Manufacturing: 
Definition

Sustainable producing deals with 3 indispensable 
elements: merchandise, processes and systems. To attain 
property production, every of those 3 integral parts is 
predicted to demonstrate: curtail adverse environmental 
impact.

Review of Relevant Literature Wants 
for Property on Academic Producing

There is an oversized domain of literature on engineering. 
Recently AN increasing trend is noted in revealed 
material covering specific aspects of environmental and 
property engineering programs. This is often due to 
continued awareness property problems by the society at 
massive and also the new and engaging analysis funding 
opportunities that have come back to exist because the 
industrial sector continues to embrace property producing 
technologies, universities and institutes of upper learning 
area unit increase their information development activities 
to match the trade wants and to satisfy the stakeholders at 
massive.

An early work presents an academic program for property 
futures mostly supported environmental issues (Faulkner, 
2012) ideas of world competitive property producing area 
unit shown for making the knowledge domain of fight 
and property from education, analysis and modernization 
(Ferrer-Balas, 2009). To accomplish property industrial 
systems sanction the delivery of high price, the rising role 

of systems thinking in education, analysis and industrial 
practices was stressed with specific recommendations 
(Ferrer-Balas, 2009). Academic challenges concerned 
in getting ready future engineers within the U.S. with 
property engineering fundamentals were summarized 
from the efforts of Center for property Engineering 
(CSE) through documented activities of national level 
workshops, roadmap assessment and also the development 
of AN electronic library (Fiksel, 2003). This follows AN 
earlier in depth study of property engineering education 
and analysis in U.S. universities (Graedel, 1998; Haapala, 
2013; Hughes, 1989) and a global comparative study 
of property education (Huntzinger, 2007). Also, a lot 
of specific comparative study of collegian academic 
programs in designated U.S. universities has been reported 
(Jawahir, 2007). New challenges concerned in developing 
academic programs to introduce style for property 
principles and practices were conjointly conferred 
(Jawahir, 2007). A lot of recently, an intensive review of 
property producing analysis emphasizes the requirement 
for developing academic programs for future engineers 
with a broad-based understanding of product and method 
style, material process and producing by lightness their 
influence across the whole life-cycle (Jawahir, 2006).

Sustainable Price from Innovative 
Merchandise, Processes and Systems 
General background

Developing innovative merchandise, processes and 
systems could be a vital aspect of property producing that 
contains of a holistic approach to producing that is totally 
different from the standard practices wherever the standard 
and performance options area unit measured and quantified 
severally, usually with no thought of the consequences of 
alternative intrinsic parts. Whereas integrated product – 
method style methodologies have mostly been supported 
co-occurring engineering applications, regarding team 
of “experts” from multi-disciplinary fields, territorial 
boundaries and responsibilities with variable coverage 
structures of team members, tho’ centrally managed so as 
to stop these consultants from going across the boundaries. 
And specialize in developing innovative merchandise, 
processes and systems. The developing holistic and 
integrated approach needs all stakeholders to figure along 
on common objectives with full zeal and commitment. 
To facilitate modernization in property producing, 
modernization should be integrated with product, method 
and systems levels as shown in Figure a pair of. Product-
System Integration System Modernization Process-
System Integration Product Modernization Process 
modernization Product-Process Integration
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<Figure head>Figure 2:  Modernization in Property Producing at Integrated Product, Method and System 

Levels 

Fully integrated property producing system can emerge as a good platform for developing 
property merchandise. Samples of constituting innovative aspects in property producing area 
unit are shown in Fig. 3 for every part of modernization. The modernization should facilitate 
developing AN integrated property price system for property producing with numerous price-
contributing factors: like technological value, socio-value, socio-political price, and socio- 
environmental price, etc., are often derived from this integrated system. 
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Fig. 2:  Modernization in Property Producing at 
Integrated Product, Method and System Levels

Fully integrated property producing system can emerge 
as a good platform for developing property merchandise. 
Samples of constituting innovative aspects in property 
producing area unit are shown in Fig. 3 for every part 
of modernization. The modernization should facilitate 
developing AN integrated property price system for 
property producing with numerous price-contributing 
factors: like technological value, socio-value, socio-
political price, and socio- environmental price, etc., are 
often derived from this integrated system.

<Figure head>Figure 3: samples of innovative aspects in property producing at product, method and system 
levels. 

<a level>Sustainability Problems at the Merchandise and Method Levels 
As there are unit multiple streams of energy, material and waste/emission concerned at totally 
different stages over a product’s life, it’s a requirement to contemplate the entire life-cycle so 
as to guage a product’s property score by comparison between totally different styles, or 
between totally different production methods. Graedel [18] conferred an intensive study of 
efficient life-cycle analysis (SLCA) ways in an exceedingly pioneering textbook covering 
varied methodologies, together with matrix approaches victimization target plots, and 
considering 5 major product life-cycle stages: pre-manufacture;  manufacture;  product 
delivery, use, Recycling  
Finally in  product delivery,  transportation, was thought of united of the vital activities 
among many delivery activities that is concerned altogether stages of the product’s life- cycle 
thus, the simplified total life-cycle of a product was assumed to carries with it four key stages 
– pre-manufacturing, manufacturing, use and post-use [1]. To accomplish multiple product 
life-cycles with the goal of persistent product/material life, style and producing practices for 
next-generation merchandise it ought to think about a lot of innovative 6R approach in any 
respect stages of product life- cycle, and so build a comprehensive systems model to modify 
price creation through modernization in any respect levels. 
Product sustainability: many researchers have studied the environmental performance and 
known the consequences of merchandise on economic and social level, mostly targeted on 
quantitative descriptions. Therefore, these studies largely stay non-analytical and fewer 
scientific in terms of the requirement for quantitative modeling of product property. 
moreover, the partial treatment and acceptance of the attainable effects of varied 
sustainability- tributary measures in relevancy  environmental, economic and social impact 
classes that  has primarily  disguised the impact of alternative tributary factors like product’s 
practicality, manufacturability, reusability with multiple life- cycles, etc. Reviewing 
comprehensive analysis of product property will results in reduced client prices over the 
whole life-cycle of the merchandise, whereas the initial product value may be slightly higher 
in some cases. This profit is exaggerated once a multiple life-cycle approach is accepted on 
the idea of continuous material flow. The excellent economic, social edges and also the 
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Fig. 3: Samples of Innovative Aspects in Property 
Producing at Product, Method and System Levels

Sustainability Problems at the 
Merchandise and Method Levels

As there are unit multiple streams of energy, material 
and waste/emission concerned at totally different stages 

over a product’s life, it’s a requirement to contemplate 
the entire life-cycle so as to guage a product’s property 
score by comparison between totally different styles, or 
between totally different production methods. Graedel 
(Jovane, 2008) conferred an intensive study of efficient 
life-cycle analysis (SLCA) ways in an exceedingly 
pioneering textbook covering varied methodologies, 
together with matrix approaches victimization target 
plots, and considering 5 major product life-cycle stages: 
pre-manufacture;  manufacture;  product delivery, use, 
Recycling 

Finally in  product delivery,  transportation, was thought 
of united of the vital activities among many delivery 
activities that is concerned altogether stages of the 
product’s life- cycle thus, the simplified total life-cycle 
of a product was assumed to carries with it four key 
stages – pre-manufacturing, manufacturing, use and post-
use (Allenby, 2009). To accomplish multiple product 
life-cycles with the goal of persistent product/material 
life, style and producing practices for next-generation 
merchandise it ought to think about a lot of innovative 6R 
approach in any respect stages of product life- cycle, and 
so build a comprehensive systems model to modify price 
creation through modernization in any respect levels.

Product sustainability: many researchers have studied the 
environmental performance and known the consequences 
of merchandise on economic and social level, mostly 
targeted on quantitative descriptions. Therefore, these 
studies largely stay non-analytical and fewer scientific 
in terms of the requirement for quantitative modeling 
of product property. moreover, the partial treatment and 
acceptance of the attainable effects of varied sustainability- 
tributary measures in relevancy  environmental, economic 
and social impact classes that  has primarily  disguised 
the impact of alternative tributary factors like product’s 
practicality, manufacturability, reusability with multiple 
life- cycles, etc. Reviewing comprehensive analysis of 
product property will results in reduced client prices 
over the whole life-cycle of the merchandise, whereas 
the initial product value may be slightly higher in some 
cases. This profit is exaggerated once a multiple life-cycle 
approach is accepted on the idea of continuous material 
flow. The excellent economic, social edges and also 
the technological advances area unit so thus far 2 nice 
trounce with this follow involving larger practicality and 
sustained quality improvement area unit far too nice to 
trounce with this follow

Latest analysis on product property analysis reveals a 
homogenous trend towards the event of a product property 
classification system for all factory-made merchandise. 
This rating represents the “level of property” of a 
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product by taking under consideration all major tributary 
sustainability factors and their sub-elements. At first the 
subsequent six product property parts were there (Allenby, 
2009):

∑∑ Environmental Impact
∑∑ Societal Impact (Safety, Health, Ethics, etc.)
∑∑ Functionality
∑∑ Resource Utilization and Economy
∑∑ Manufacturability
∑∑ Product’s Recyclability

These interacting parts and sub-elements ought to be 
absolutely studied for his or her effects on product 
property. Alternative influencing parts and sub-elements 
are known as relevant. This organized study ought to 
offer a solid base for involving vital “priority roles” and 
“trade- offs”, once this project is sustained to future level. 
Exploratory add this space conjointly thought of ratings 
in any respect 3 levels (sub-element, component and 
overall).

Process property: the first objective of producing method 
is to distinguishing and defines the varied tributary parts 
and sub- parts to achieve sustainability and to determine   
a   unified, commonplace   scientific   methodology   to 
appraise the extent of property of a given producing 
method. This analysis is often dead no matter product 
life-cycle problems, recycling, remanufacture, etc., of 
the factory-made product. Relying upon the merchandise 
to be factory-made their area unit varied producing 
processes and their key options. These methods dissent 
loosely and help within the identification of the factors/
elements concerned in process of property and also the 
demarcation of their complicated boundaries. for instance, 
considering the assembly of a straightforward product 
it’s worn out few clearly outlined production stages such 
as; part style, tool/work material choice, metal removal/
forming, finishing, packaging, transporting, storage, 
dispatching, etc.

It is very tough to acknowledge all of those stages in 
evaluating producing method property tho’ they either 
directly or indirectly influence the producing method 
property still because the process value to provide 
the part/component. Perpetual efforts are created by 
industrial organizations to reduce the producing prices 
and at an equivalent time to take care of the product’s 
quality, operator’s and machine safety, and power 
consumption could be a biggest challenge. If the process 
includes the utilization of coolants, lubricants, emission 
of harmful materials or harmful chemicals, this creates 

environmental problems, safety and personnel health 
issues etc. In general, among the varied factors, the 
subsequent six factors are often thought to be vital factors 
to create a producing method sustainable:

∑∑ Energy consumption
∑∑ Manufacturing value
∑∑ Environmental impact
∑∑ Operational safety
∑∑ Personnel health
∑∑ Waste reduction

Recent property studies of producing methods provide 
motivation for putt efforts in developing a producing 
process property index. The thought for developing this 
idea is to segregate the common producing method from 
the world image of property, and to flourish it up to the 
“level of acceptance” for common follow in trade. The 
conclusions and also the existing modeling capabilities 
are often used as a model to grasp the impact of the 
producing method in tributary major property parameters. 
For optimized performance models developed from 
varied producing variables should be integrated therefore, 
that the optimized results are often employed in shaping 
the property rating for the particular producing method 
with relevant measurement factors.

Sustainable Merchandise from 
Property Processes

Due to the recent trends, continuous efforts are to develop 
property merchandise by following property producing 
processes. Therefore, facilitating an exaggerated price 
of a product from economic, societal, environmental 
aspects. Case studies involving the utilization of property 
machining ways like dry, refrigerant and minimum 
amount lubrication (MQL) machining are shown for 
generating functionally superior machined merchandise 
with considerably improved property product, in terms of 
performance, quality and life (Metta, 2011). Fig. 5 shows 
a schematic of activities concerned in manufacturing 
property merchandise from property processes.

Design for Property Principles 
Sustainable Producing Principles

Optimal use of energy materials, labor, other resources, 
sustainable producing processes, minimum waste, 
minimum emissions & sustainable merchandise.
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 Operational safety 
 Personnel health 
 Waste reduction 

Recent property studies of producing methods provide motivation for putt efforts in 
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up to the “level of acceptance” for common follow in trade. The conclusions and also the 
existing modeling capabilities are often used as a model to grasp the impact of the producing 
method in tributary major property parameters. For optimized performance models developed 
from varied producing variables should be integrated therefore, that the optimized results are 
often employed in shaping the property rating for the particular producing method with 
relevant measurement factors. 

<a level>Sustainable Merchandise from Property Processes 
Due to the recent trends, continuous efforts are to develop property merchandise by following 
property producing processes. Therefore, facilitating an exaggerated price of a product from 
economic, societal, environmental aspects. Case studies involving the utilization of property 
machining ways like dry, refrigerant and minimum amount lubrication (MQL) machining are 
shown for generating functionally superior machined merchandise with considerably 
improved property product, in terms of performance, quality and life [20]. Figure five shows 
a schematic of activities concerned in manufacturing property merchandise from property 
processes. 

<a level>Design for Property Principles Sustainable Producing Principles 
Optimal use of energy materials, labor, other resources, sustainable producing processes, 
minimum waste, minimum emissions & sustainable merchandise. 
 

                                        
<Figure head>Figure 4: planned methodology for manufacturing property merchandise from property 

processes (Adapted from [20]). 

<a level>Sustainability Problems at the Systems Level 
The conversion of raw materials into a lot of property merchandise by property producing 
processes needs correct coordination of varied activities across and inside the organization 
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Fig. 4: Planned Methodology for Manufacturing 
Property Merchandise from Property Processes 

(Adapted from (Metta, 2011)).

Sustainability Problems at the 
Systems Level

The conversion of raw materials into a lot of property 
merchandise by property producing processes needs 
correct coordination of varied activities across and inside 
the organization and conjointly includes closed-loop offer 
chain. Basically, the aim of those offer chains is meant 
and managed in such a fashion that it coordinates all 
the activities as open-loop system with the most stress 
being on maximization of profit (Allenby, 2009). From 
a systems perspective, developments in socio-technical 
systems theory (Metta, 2011) helps a company to grasp 
the producing systems and technical support embedded 
inside social systems whose complexities should be 
understood to manage these entities effectively and with 
efficiency to attain the specified performance.

Although, for property improvement, producing system, 
offer chain style and operations not solely decides the 
behavior of the socio-technical system, however it 
conjointly incorporates the complexities emerges because 
of the interactions between the socio-technical systems 
and also the natural surroundings environment to reduce 
the surprising consequences. As, systems area unit 
adaptive, dynamic and emerging entities (Metta, 2013) 
characterized by varied feedback and reinforcing loops 
and while not a correct understanding of  these system 
ruinous behaviors of those systems produce a fancy 
state of affairs within which they operate. Therefore, 
property producing systems and provide chains ought to 
be designed and managed as an integrated entity as socio-

techno-environmental systems and might be viewed from 
a complete life-cycle perspective by considering the 
varied interfaces and interactions among the various sub-
systems. Also, for property, the flexibility to suppose and 
communicate consistently, or systems thinking, becomes 
a vital ability that’s needed to extend the potential to style 
and manage such systems (Metta, 2011).

The higher than context reveals that, property producing 
system and provide chain style should think about a range 
of interactions between the ways and technical models 
still as all the stakeholders United Nations agency have 
an influence on the system or are often influenced by the 
natural surroundings. Critical the system performance 
from these aspects thus can take under consideration a 
comprehensive property metrics at the plant, enterprise 
and provide chain levels; the adaptive and emerging 
behavior of the system designed with all alternative 
interactive systems, are often determined through 
prophetic models. The look protocol for coming up with 
such property systems is shown in Fig. half dozen.

Recent advancement in property offer chain style  follows 
some aspects of the approach shown in Fig. 7 the look of 
property merchandise and systems  considers  the social, 
economic and environmental implications of a range 
of stakeholders; the time-variant, adaptive  behavior of 
offer chains and implications on property performance. 
(Nidumolu, 2009), (Rochon, 2006). Developing tools 
like property price stream mapping (Sus-VSM) to guage 
the socio-techno- environmental aspects at the producing 
systems level (Sutherland, 2003). The modeling risks 
because of negative and surprising influences of 
economic, environmental and social implications and 
from alternative inter- dependent systems (Fig. 6) through 
probabilistic theorem Belief Networks will offer ways to 
develop interventions to reinforce property of producing 
systems and provide chains (Sutherland, 2003).

Identification of System needs
∑∑ Identify connected systems and interaction between 

systems
∑∑ Predictive System Modeling and analysis for prop-

erty Performance through state of affairs Building
∑∑ Identify stakeholders and potential impacts
∑∑ System Definition (Function and Boundary)
∑∑ Determine economic, environmental and social 

metrics for system analysis
∑∑ Interventions to mitigate risks to/ from connected 

systems
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∑∑ Propose System style
∑∑ Strategies to avoid negative impacts on stakeholders

 Operational safety 
 Personnel health 
 Waste reduction 

Recent property studies of producing methods provide motivation for putt efforts in 
developing a producing process property index. The thought for developing this idea is to 
segregate the common producing method from the world image of property, and to flourish it 
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existing modeling capabilities are often used as a model to grasp the impact of the producing 
method in tributary major property parameters. For optimized performance models developed 
from varied producing variables should be integrated therefore, that the optimized results are 
often employed in shaping the property rating for the particular producing method with 
relevant measurement factors. 

<a level>Sustainable Merchandise from Property Processes 
Due to the recent trends, continuous efforts are to develop property merchandise by following 
property producing processes. Therefore, facilitating an exaggerated price of a product from 
economic, societal, environmental aspects. Case studies involving the utilization of property 
machining ways like dry, refrigerant and minimum amount lubrication (MQL) machining are 
shown for generating functionally superior machined merchandise with considerably 
improved property product, in terms of performance, quality and life [20]. Figure five shows 
a schematic of activities concerned in manufacturing property merchandise from property 
processes. 

<a level>Design for Property Principles Sustainable Producing Principles 
Optimal use of energy materials, labor, other resources, sustainable producing processes, 
minimum waste, minimum emissions & sustainable merchandise. 
 

                                        
<Figure head>Figure 4: planned methodology for manufacturing property merchandise from property 

processes (Adapted from [20]). 

<a level>Sustainability Problems at the Systems Level 
The conversion of raw materials into a lot of property merchandise by property producing 
processes needs correct coordination of varied activities across and inside the organization 

Design for Sustainability Principles Sustainable Manufacturing Principles 

(Environmental impact, functionality, (Energy-efficiency/minimum power, 

manufacturability, operational safety, personnel health, cost, 
recyclability/remanufacturability, resource  environmental impact, waste 

utilization, economy, societal impact) management) 
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Fig. 5: Protocol for Property System Style 
(Adapted from (Murphy, 2009))

Innovative Academic Programs for 
Property Producing

Significant ingenious content concerned in property 
producing makes the education and coaching programs 
difficult for next generation engineers and scientists   and 
this could result in new motivations to begin an excellence 
in education and coaching programs. The International 
Framework for Action in Education developed  the initial 
discussions at the metropolis Earth Summit in 1992, and 
any refined throughout resulting gatherings, revived that, 
education shouldn’t   be seen as AN finish, however ought 
to be seen because the means that to get property price. 
the requirement to pass around information   skills   and 
ability   to modify property producing still as a lot of 
property consumption patterns area unit known united of 
the core-pre requisites for rejuvenating academic wants 
not solely in developing countries, however conjointly in 
developed regions of the planet (UN Report, 1997).

The new information in property producing should be 
supported the interaction among the 3 major participants: 
university, trade and state and federal organizations (Fig. 
8). The strategic linkage among these 3 participants 
brings the social and environmental edges, alongside 
the economic gains, Fig. 8. Ancient academic programs 
area unit usually evolved thanks to the requirement for 
distributive the essential information on physical and 
natural sciences, engineering materials, product style 
engineering and producing sciences to the engineers and 

scientists. The essential information in these disciplines 
area unit instructed in isolation and with no vital exposure 
to planet.

The modern information is predicated on multi-
disciplinary, interconnections among varied sub 
systems that along forms the material of “sustainable 
manufacturing”. Vital stress ought to tend on eloping new 
teaching and learning modules covering all aspects like 
surroundings, economy and society, alongside an in depth 
understanding of the natural cyclic systems depicting the 
bio-complexity and reusable material bases. design for 
property principles ought to cowl all relevant parts of 
sensible property that specialize in the 6Rs (reduce, reuse, 
recycle, recover, design and remanufacture), and near-
perpetual material be due the control system approach 
involving all the four stages within the  product life-cycle 
such as: pre-manufacturing, manufacturing, use and post-
use. In broader sense it ought to conjointly cowl the varied 
fields like selling, modernization, management, ethics, 
laws, policies, etc., to supply a knowledge domain for 
next generation engineers and scientists United Nations 
agency can learn science-based principles property 
and can apply them to producing .The advancement of 
accumulative learning at collegian and graduate levels 
extending up to Ph.D. was shown in our previous work 
(Jawahir, 2006).

∑∑ University
∑∑ Education
∑∑ Coaching
∑∑ Industry
∑∑ State 
∑∑ Federal Organizations

economy and society, alongside an in depth understanding of the natural cyclic systems 
depicting the bio-complexity and reusable material bases. design for property principles 
ought to cowl all relevant parts of sensible property that specialize in the 6Rs (reduce, reuse, 
recycle, recover, design and remanufacture), and near-perpetual material be due the control 
system approach involving all the four stages within the  product life-cycle such as: pre-
manufacturing, manufacturing, use and post-use. In broader sense it ought to conjointly cowl 
the varied fields like selling, modernization, management, ethics, laws, policies, etc., to 
supply a knowledge domain for next generation engineers and scientists United Nations 
agency can learn science-based principles property and can apply them to producing .The 
advancement of accumulative learning at collegian and graduate levels extending up to Ph.D. 
was shown in our previous work [17]. 

 University 
 Education 
 Coaching 
 Industry 
 State  
 Federal Organizations 

                                                       

                                              
<Figure head>Figure 6: Integral role of university, trade and state and federal organizations in education 

and coaching (Adapted from [20]). 
The planned education and educational program in property producing is an extended 
program on the far side the standard degree programs shown higher than. Known 5 basic 
parts of this information structure are: (a) new formal program supported instruction, research 
laboratory work and comes at collegian and graduate levels, (b) a multi-disciplinary 
certificate program to supply a broader perspective on property for engineers operating in 
trade, (c) industry- relevant short courses, (d) professional/continuing academic programs, 
and (e) web-based on-line programs. 

<a level>General Background on Strategic Academic Wants 
Traditional product style and producing ways area unit supported a spread of product 
characteristics like practicality, performance, cost, time-to-market, etc. Product style and 
manufacture within the twenty first century would require a larger integration of life-cycle, 
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Fig. 6: Integral Role of University, Trade and 
State and Federal Organizations in Education and 

Coaching (Adapted from (Metta, 2011)).
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The planned education and educational program in 
property producing is an extended program on the far side 
the standard degree programs shown higher than. Known 
5 basic parts of this information structure are: (a) new 
formal program supported instruction, research laboratory 
work and comes at collegian and graduate levels, (b) a 
multi-disciplinary certificate program to supply a broader 
perspective on property for engineers operating in trade, 
(c) industry- relevant short courses, (d) professional/
continuing academic programs, and (e) web-based on-
line programs.

General Background on Strategic 
Academic Wants

Traditional product style and producing ways area 
unit supported a spread of product characteristics like 
practicality, performance, cost, time-to-market, etc. 
Product style and manufacture within the twenty first 
century would require a larger integration of life-cycle, 
property product/process styles and their implementation 
within the manufacture of designed merchandise. This 
may applies to each client merchandise in high volumes 
and little varieties and extremely bespoke merchandise 
in low volumes and huge varieties. Particularly, the look 
and producing practices for next- generation merchandise 
ought to bear major changes to incorporate issues that span 
all of the standard life-cycle and ultimately from the angle 
of multiple uses life-cycles/ involving perpetual material 
flow. Novel style methodologies, innovative producing 
techniques, and effective tools should be developed to 
at the same time address the entire life-cycle problems 
including:

∑∑ Reduction of producing prices
∑∑ Reduction of development time
∑∑ Reduction of fabric use
∑∑ Reduction of energy consumption
∑∑ Reduction of business wastes
∑∑ Repair, reuse, recovery and usage of used products/

materials
∑∑ Environmental and social issues

This paradigm shift in product style and manufacture 
needs optimized ways incorporating environmentally 
acutely aware, energy-efficient, lean producing ways 
with product maintenance, activity, material recovery, 
re-use, re-manufacturing and usage issues. It promotes a 
systems thinking within the style of latest merchandise 
and processes and entails attention to the interests of all 

stakeholders. It needs fashioning new style methodologies, 
producing processes, post-use processes, and enterprise 
resource coming up with so as to at the same time 
accomplish the multiple objectives of up a company’s 
profit, transfer new merchandise to plug apace, protective 
natural resources, whereas managing environmental 
issues.

To modify property merchandise victimization property 
processes, new capabilities to model and analyze 
complicated interactions between varied sub-systems 
at producing system and provide chain level area unit 
needed. Understanding and determination complicated 
issues caused by the interactions between totally different 
aspects and stakeholders of the system to form property 
price would require a lot of intense cooperation between 
the varied scientific disciplines still as between the pure 
and social sciences (UN Report, 1997). This needs careful 
coming up with and a scientific development of latest 
information for implementation in any respect levels, 
starting from high colleges through   to collegian   and   
graduate   programs. The subsequent sections alter topics 
that might build vital contributions to the advised new 
program.

Undergraduate Education

One of the goodly problems with collegian education is 
that the exaggerated compartmentalization of disciplines; 
as a result graduates area unit unable to look at issues 
from all perspective aside from instructed in their own 
disciplines. All property issues, includes complicated 
problems, notably at the systems level, that can’t be solved 
by searching through the angle of 1 single discipline. 
Future engineers, scientists and managers should be 
instructed in such how that they’ll infuse those skills and 
capabilities to look at complicated property issues from 
{different totally different completely different} views 
to facilitate strong solutions that area unit sturdy enough 
to alter different externalities that will be encountered. 
Although, the standard model for collegian education 
in engineering and producing was extremely discipline- 
specific, not providing the in depth education required to 
counter the property producing issues.

A recent exclusive effort during this space is AN innovative 
team that instructed cross-disciplinary course for 
collegian students meant to rework science, technology, 
engineering and arithmetic (STEM) education (UN 
Report, 1997) for example. The course instructed at the 
University of Kentucky brings students and school from 
four totally different schools together—engineering, style, 
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Education and Business/Economics. During this course, 
titled “Systems Thinking” for property, students area 
unit created competent enough to deal property problems 
from all perspective i.e. systems thinking perspective by 
victimization problem-based learning. From a teaching 
perspective, challenges known through this exercise are 
relevant once we set up for transformation from ancient 
to property producing education.

Mostly, graduate education in property studies has to this 
point restricted access and specialize in environmental 
technologies and business/management/leadership 
activities and these programs area unit largely driven 
by their quality. Public awareness regarding the 
environmental effects of business production has mostly 
been targeted around programs that deliver courses aimed 
toward assessing and managing the environmental impacts 
like pollution, emission of toxicity, public health and 
safety, waste minimization, restrictions on the utilization 
of chemicals, quality studies, responsibility, observance 
and maintenance of machinery and instrumentation, 
etc. property producing education at the graduate level 
shouldn’t solely specialize in environmental aspects 
however conjointly it should integrate social aspects and 
covering multi stages in product life cycle.

Professional Development and in 
Progress Education/Training

Industry-based practitioners like engineers and 
professionals request to pursue those academic programs 
that successively update their information with recent 
advances and future developments. For instance, Short 
courses, workshops and skilled development programs 
on dedicated topics organized and delivered by tutorial 
establishments, skilled societies and alternative 
consulting teams facilitate them to attain targets, usually 
with full support by their employers. Also, signature 
conference series generally provide such programs as 
further elements that specialize in property producing. In 
recent times this has been the foremost in style programs 
because the employers are acknowledge the economic 
impact of implementing property producing for his or her 
merchandise and processes.

Other Educational Wants

As noticed by several, “basic education contributes 
the inspiration for all future education and learning” 
(Ueda, 2009). so as to derive valid outcomes from the 
transformational reforms to collegian, graduate and 

skilled education for property producing within the long-
standing time, the we must always sow the “seeds” of data 
and also the price system at AN early age in order that 
they’ll appreciate the  importance of property normally, 
like production, consumption etc. As such, academic 
reforms to extend innovative capabilities through 
property producing should begin even abundant earlier 
stage, probably at the pre-kindergarten level and continue 
up to twelve levels; such a broad access can facilitate 
to remodel the mental models of the longer term work 
force to profitably participate in building a property future 
through property price creation.

Conclusions

Innovative property producing currently become the 
tool for property growth by not solely encouraging 
economic process, however conjointly sanctionative 
social well-being and consciously active environmental 
problems. Making price by property producing would 
require modernization in any respect the degree of the 
merchandise, method and thru multiple life-cycles. The 
complicated challenges are often balanced by promoting 
property producing at these totally different levels which 
can necessitate the longer term generation engineers, 
scientists and managers to amass needed education and 
coaching to cope up with these challenges for property 
price creation. Although, necessary changes needed to 
be created to strengthen the tutorial curricula to satisfy 
a number of these wants. Still there’s a requirement of 
vital reforms to develop multi-disciplinary and cross-
cutting academic programs that helps to transcend the 
standard boundaries between disciplines. the target of the 
new models for property producing education ought to 
be to vary the mindsets of future generations starting at 
AN early age and   foster them through formal education 
at collegian, graduate and skilled levels. Further, with 
more and more web-savvy future generation, there’s 
a requirement to widen the scope of such academic 
programs through new mechanisms like on-line degree 
programs.
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