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Abstract - The manufacturing companies, now a days are 
looking for the solution to problems of global warming 
and environment degradation which arise from increased 
manufacturing activities. The researchers have proposed 
an idea of sustainability manufacturing as the solution to 
the above said problems. Sustainable manufacturing is 
defined as the creation of manufactured parts through 
processes that are non-polluting, conserve energy and 
natural resources, and are economically sound and safe 
for employees, communities, and consumers. The objective 
of sustainability manufacturing can only be achieved if 
there is a system that is able to measure sustainability of a 
manufacturing process or a product. The present research 
deals with determination of Sustainability of a die casting 
part at its design stage. The system is designed in GUI of 
MATLAB 7. It uses the theoretical formulae to determine 
the quantitative value of each sustainability indicators for 
the various phases of the lifecycle of die-casting part. 
Sustainability indicators considered for the present study 
are electric energy, co2 emission, solid waste and labour 
cost. The system is capable to measure the sustainability of 
a part for different process plans. The system can also 
compare the sustainability of different designs of a part. 
The system is useful as the sustainability of a product is 
measured at the design stage from the cad model of the 
part. The results from the system are quite encouraging 
and further improvements in the system are in progress. 
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I. INTRODUCTION 
 
Environmental degradation and depleting natural resources 
are the major problems faced by the society these days. The 
main cause of these problems is increase in manufacturing 
activities across the various segments of the market. 
Moreover, this increased manufacturing activity has 
contributed to the problems like global warming, and 
environment degradation.These problems further lead to the 
health and social problems in the society. The government 
agencies are enforcing tough regulations to resolve these 
problems. So the manufacturing industry could not sustain 
long if some solution is not found at the earliest. 

 
The solution to these above mentioned problems have been 
found in the sustainable manufacturing. The sustainable 
manufacturing is defined as the creation of products through 
processes that are economically sound and minimize the 
negative environmental impacts while conserving energy and 
natural resources [1].Thus, the main focus of sustainable 
manufacturing is on environmental, social and economic 
aspects of various activities in the companies. [2].  
 
Researchers have shown keen interest for research in the area 
of sustainable manufacturing. However, a large number of 
studies have been conducted on metal industries with focus on 
primary and secondary metals industry. Only a few studies 
have been reported for metal casting industry [3]. Therefore 
the focus of present study is to analyze the environmental 
aspects of die-casting process. Die-casting is one of the most 
widely used primary manufacturing processes. It serves the 
industries such as automotive, electrical, white goods, 
engineering sector. Automobile sector is a major consumer of 
die-casting parts using 55% of die-casting parts. Moreover, it 
is one of the energy intensive processes [4]. Thus it is selected 
for the present study. 
 
Before the necessary conditions for sustainable manufacturing 
are applied, one must be familiar with the methods to measure 
sustainability. The sustainability of a part could be measured 
by performing the life cycle analysis of a part. Life Cycle 
Analysis is a technique for assessing all the inputs and outputs 
of a part, process, or service (life cycle inventory, here after 
LCI); assessing the associated wastes, human health and 
ecological burdens (impact assessment); and interpreting and 
communicating the results of the assessment throughout the 
life cycle of the parts or processes under review 
 
Life cycle of a typical part is shown in Fig. 1. Life cycle of a 
part starts with the extraction of the raw material. Then the 
manufacturing of the part is carried out. The part is then 
packed and shipped to the customer. The part is used by the 
customer for specified time and finally it is disposed of or 
recycled. 
 

http://link.springer.com/article/10.1007%2Fs10098-013-0604-8#page-1
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Figure 1 Life cycle of a part[5] 

 
The tool used for life cycle assessment or sustainability 
analysis (terms used in the proposed research work) of parts is 
the indicators of sustainability.Jeswietand Kara [6] proposed 
the classification of sustainability indicators into social, 
environmental and economic indicators which were further 
categorized as input and output indicators. The fig. 2 presents 
the hierarchy of the indicators. 
 
The rest of the paper is arranged as follows: section 2 presents 
the previous research work on the topic. Section 3 deals with 
the methodology of the proposed system for sustainability 
analysis. System implementation and results are presented in 
section 4. Section 5 presents the conclusions and future scope 
of the present research work.  
 

2 LITERATURE REVIEW 
 
The literature related to sustainability and its analysis has been 
discussed in the following paragraphs. 
Blus G. [7] found that the sustainability is an increasingly 
common theme in the business and trade press, at conferences, 
and in everyday conversation. This paper encourages 
manufacturers to integrate sustainability into their corporate 
strategy to drive both profits and growth. Boustaniet. al. [8] 
proposed that an economic incentives can be an influential 
driver for consumers to remanufacture and  re-use old 
appliances. Dalquistet. al. [9] performed an analysis for the 
impact of conventional die-casting on environment. 
Environmental footprints are accounted from the qualitative 
assessment of substance flows in die-casting. Identified 
energy and material used in die-casting and interpreted them 
into emissions and waste by products for the process. Fenget. 
al. [10] proposed 
 

 
 
Figure 2 Indicators for Sustainable Production [6] 
 
a framework for quantitative measurement of sustainability in 
a manufacturing system. It includes indicators buffer, 
measurement process, and performance evolution on the basis 
of bottom line. Gutowski T. et. al. [11]discussed that New 
manufacturing processes can provide benefits to society and 
even to the environment by providing longer life and /or lower 
energy required in the use phase of parts or in any number of 
performance benefits. Krajnc D. et. al. [12] proposed the 
indicators of sustainable production. These indicators are 
categorized in to social, economic and environmental 
indicators. Study is mainly focused on the environmental 
aspect of production system. Krajnc D. et. al. [13]this paper 
presents the effectiveness of the proposed model is illustrated 
with a case study in which two companies from specific sector 
are compared regarding their sustainability performance. 
Nowosielski R. et. al. [14] presents a possibility using 
indicators of echnological processes estimation which make 
possible decrease negative environmental influence of these 
processes on the environment. Tahaet. al. [15] experimentally 
studied the variation of power consumption according to the 
design feature of a part. Presented a methodology that link the 
design features to environmental impact. Thiriez A. et. al.[16] 
presented a methodology to determine the impact of choice of 
machine on specific energy consumption. They accounted the 
environmental performance of different machines on the basis 
of energy related emissions. Vanli A.S. et. al[17] studied lots 
of factors which are effective on the product quality and 
mechanical properties. The process parameters; casting and 
die temperatures, filling time, plunger and gate velocities, 
injection and intensification pressures, spearhead of these 
factors. Wiedmann T. et. al.[18] proposed that ‘carbon 
footprint’ has become tremendously popular over the last few 
years and is now in widespread use across the media. With 

Disposal 
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climate change high up on the political and corporate agenda, 
carbon footprint calculations are in strong demand. 
 

2.1 RESEARCH GAPS 
 
Though a good research work is available on sustainability 
analysis but it does not full fill the requirement of 
sustainability analysis of a part in an automated fashion. Some 
of the key factors which the present systems lack are as 
follows: 
i. Most of the work has been done for the machining 
operations like turning and milling while a limited study is 
done on primary processes such as die casting.  
ii. Studies are focused on the industrial sector as a 
whole and are not able to analyse state of a company in term 
of sustainable production.  
iii. Less attention has been given to automatically 
determine the sustainability of a part at the design stage from 
various phases in life cycle of the product. 
iv. Lack of system to compare the sustainability of a part 
manufactured using different process plans 
 

2.2 OBJECTIVES: 
 
Based on the research gaps from the available literature on 
sustainability analysis a need is felt for a system that could 
automate the sustainability analysis of die casting part at the 
design stage. The objectives of the proposed work are  
i. To develop a system for sustainability analysis of a 
die casting part from design data. 
ii. To fabricate an automated system for sustainability 
analysis. For a given process plan. 
iii. To compare the results from the system with those 
obtained by actual measurements for validation of the system. 
 

2.3PROBLEM FORMULATION 
 
The main objective of the present work is to develop a system 
for sustainability analysis of a die casting part. The 
requirements for the system are listed below: 
 
i. Output Requirements: The output requirements from 
the system are listed below: 

a. The system should be able to determine the 
sustainability of the part over the various phases of the 
life cycle of the part. 

b. The most influential indicators should be taken into 
account. 

c. Graphical output for easy comparison of the results 
obtained by implementing the system on a part. 

 
ii. Input requirements:  Following are the input 
requirements for developing the system  

a. Materials database for the part 
b. Process parameters of die-casting process 
c. Part database having the parameters of the part 

d. Machine database with parameters of machines used in 
machining of die and those used in die-casting of the 
part. 

e. Analytical relations for the determination of 
sustainability indicators 

 
3 METHODOLOGY 

 
The methodology for the proposed system is based on the 
lifecycle assessment of die-casting process using the 
analytical tools called indicators. The following sections 
explain the elements of the methodology. 
 

3.1 PHASES OF LIFE CYCLE: 
 
The system performs the sustainability analysis for die casting 
part covering the three phases of its life cycle. The life cycle 
of the die-casting part is presented in Fig.3.The six phases: 
manufacturing of die, preparation of metal, melting the metal, 
transfer of the metal, holding the metal and die-casting 
process are considered for the study are highlighted in Fig. 3. 
 

 
Figure 3 Life cycle of a die-casting part 
 

3.2 INDICATORS CONSIDERED FOR THE PRESENT 
WORK 

 
The analysis of sustainability is performed with the help of 
sustainability indicators. The indicators considered while 
taking into account the depth and breadth of present research 
work are: energy use, waste material,CO2 emissions and 
labour cost. The relation of the indicators is shown in Fig.4. 
The indicators are the analytical tools thus a database for 
different parameters are also required. Database for material, 
part, machine parameters etc. is also collected and used. The 
following paragraphs present the details of the indicators and 
their analytical formulae. 

Die manufacturing 
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3.3ENERGY USE INDICATOR 

 
Electrical Energy Consumed: 
 
In die-casting electric energy is consumed during melting the 
metal, holding it and casting of the part. The total energy (E) 
used depends on the cycle time (t)and rated power (P)load 
characteristics of the machine. Therefore multiplying the rated 
power with the time, for which the machines are in use, 
energy consumption estimate can be calculated by using the 
following relationship: 
 
E(theoretical)= P (rated)× t   (1) 
 
Quantity of Fuel Consumed:  
 
Quantity of fuel consumed for melting the metal, theoretically 
depends upon the heat produced in the furnace, properties of 
fuel and casting material, efficiency of furnaces, and quantity 
of material to be melted and required temperature of the 
charge. Quantity of Fuel required can be calculated by using 
following equation: 
 
Quantity of Fuel(theoretical)=Q(total)/(η*H_s*ρ)(2) 
 
Total energy required for melting the casting material i.e. 
Q(total) is calculated as mentioned below[19]: 
 
Q(total)=  Qs + Qf+ Qsh   (3) 

Qs = M*Cs*(Ts-Tamb)   (4) 

Qf  = M*Cs*(T1-Ts) + M*Hf  (5) 

Qsh = M*Cs*(Tsh-T1)   (6) 

 

After the determination of individual heat energies, total heat 
energy can be determined by adding the individual heat 
energies which have been calculated using equations 4-6. 
Therefore, total heat energy can be given by equation no. (3) 
By using calorific value, density, efficiency of furnace and 
total heat energy quantity of the fuel, consumption of fuel can 
be determined by using equation no. 2. Quantity of fuel 
consumption required is reported in liters for diesel fired 
furnaces and in cubic feet for natural gas fired furnaces. 
 
 

3.4 CO2 EMISSION INDICATOR 
 
Air emission indicator refers to the CO2 emissions emitted 
during the casting process. CO2 emissions are caused directly 
by the onsite combustion of fuel and indirectly by the use of 
electricity within the company. Emissions can be classified as 
electric energy emissions and fossil fuel related emissions. Air 
emission indicators can be quantified in term of carbon weight 

(CW). The method of calculating air emissions indicators is 
discussed into following paragraphs.  
 
Carbon Weight for Electric Energy Emissions: 
 
CW = E(theoretical) * f    (7) 
 
Where, f is known as emission factor. Value of this emission 
factor is directly taken from the CO2 database for Indian 
power sector provided by Central Electricity Authority; 
emission factor for northern grid is .84 T CO2 per MWh of 
electricity use.  
 
Carbon Weight for Fossil Fuel Emissions: 
 
CW = Quantity of fuel (theoretical) * f   (8) 
 
According to Department of Environment Food and Rural 
Affairs (DEFRA) and US Environmental Protection Agency 
(EPA), Emission factor for diesel is 2.63 KgCO2/liter and for 
natural gas it is 0.0563 Kg CO2/ft3 respectively. Emission 
factor for diesel and natural gas can be directly used for the 
determination of emissions from the fossil fuel. 
 

3.5 SOLID WASTE INDICATOR 
 
Solid waste indicator relates to the quantity of the solid waste 
generated during a manufacturing process. In die-casting solid 
waste is mainly generated due to the oxidation of molten 
metal in the furnace which is called dross. The solid wasted is 
calculated by the formula presented in equation 9. 
 
Solid waste = Wmolten metal *W% of metal loss (9) 
 
Melt loss percentage for furnaces has been taken from Cast 
Metal Coalition (CMC), for example, for induction furnaces 
melt loss ranges between 0.75-1.25 percent. 
 

3.6 LABOUR COST 
 
Labour cost is the fourth indicator considered for the present 
work. This is the indicator under social indicators. The labour 
cost is fixed at the per hour rate and is taken as input from the 
industry. 
 

4 SYSTEM IMPLEMENTATION AND RESULTS 
 
To demonstrate the utility of a proposed computer aided 
system for the sustainability analysis of die-casting process 
three case studies have been presented. 
 

4.1 IMPLEMENTATION ON AN EXAMPLE DIE-
CASTING PART 

 
The details of implementation of the system on example part 
are presented in this section. The parameters of the example 
part are mentioned in the table 1. 
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As mentioned earlier the indicators for the proposed system 
are energy used;CO2 emission, solid waste and labour cost 
which are determined with the help of the system in following 
steps:  
i. First step is to select the part and an example part is 
shown in Fig. 4.The part volume is obtained from the 3D 
model of the part and is input to the system. 
ii. Then the material for the die-casting part is selected. 
The system reads the following properties of the material from 
the material database: density, solidus temperature, liquidus 
temperature etc. 
iii. After selecting the material then the machine for 
manufacturing of die is selected. 
iv. Furnace for pre-melting is selected from the database 
of the furnaces as shown in Fig. 4. 
v. When premelting has been complete then  select the 
melting furnace F1 or F2 for the melting process is selectedas 
shown in Fig. 4. 
vi. The molten metal reaches the die-casting machines 
where it is held in holding furnace thus the next step is to 
select the appropriate holding furnace from the furnace data as 
shown in Fig. 4 
 

Table 1Input parameters of example part 1 
Sr.No. Selection  Name of selected process 
1. Part  

Example 
part 1 

2. Material  Aluminum 
3. Machining of 

die   
Mch1(machine1) 

4. Premelting 
furnace 

F1(premelting) 

Melting furnace F2 (MELTING) 

Holding furnace F2 (HOLDING) 
5. Die casting 

machine  
Machine4 

6. Common 
facilities 

Fork lift  

 
vii. Die-casting machine used for manufacturing the 
partis then selected from the database in as shown in Fig.4. 
viii. The final step is select the common facilities as 
shown is Fig. 4. These facilities are fans, lights, pumps, fork 
lifts etc. 
ix. After completion of all the inputsinto the system the 
results will be displayed in result window. The results are 
displayed as shown in Fig. 5. 
x. For a clearer picture of the results a graphical output 
is also available Fig.6&7 
 

 
Figure 4 Input panel for selection of the common 

facilities 

 
Figure 5 Output panel showing the results 

 
 
 

 
 

Figure 6 Snapshot of graphical result panel electric energy 

and co2 emission 

 

 

Results from the system 

Results obtained by the actual measurement 
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Figure 7 Snapshot of graphical result panel solid waste and 
labour cost 
 
The proposed system utilizes theoretical formulae for the 
determination of sustainability indicators. Therefore, to check 
the validity of system, the results obtained from the system 
have been compared with those obtained by actual 
measurement data. System estimated energy consumption is 
6.5% more than actual one. Comparison of the results reveals 
that the carbon weight from calculation by the system is 4% 
more than results obtained by actual measurements. The 
difference is represented with the help of Fig. 7&8. This 
deviation is due to consideration of rated power of machines 
in calculating the carbon weight for electricity consumption. 
This difference is because of the reason that the system 
utilizes rated power for the determination of energy 
consumption but practically machines operate below the rated 
value of power.Solid waste determination reveals an 
inaccuracy of mere 6.9%. In actual practice the solid waste 
generation was more as compared to theoretical one. It can 
vary from company to company. Therefore proposed system 
gives approximately fine results. Comparison of the results 
reveals that the labour cost from calculation by the system is 
about 1% more than results obtained by actual measurements 
 

5 CONCLUSIONS AND FUTURE SCOPE  
 
A computer aided system for determination of sustainability 
of die-casting process has been presented in this work. The 
system is built around strong database of the process 
parameters of die-casting process. The sustainability of die-
casting is measured in terms of sustainability indicators. The 
sustainability indicators used in this work are energy use, CO2 
emission solid waste and labour cost. The system prompts the 
user to enter the input or choose the value of process 

parameters. The interaction of the system with the user is 
according to the process plan of a part. The system then 
processes the input data and gives the results in form of 
sustainability indicators for the process plan of the part. 
 

5.1 CONCLUSIONS:  
The following conclusions are drawn from the 
implementation of system on some example parts: 
i. Present system is able to quantify sustainability in terms 
of sustainability indicators. 
ii. The sustainability indicators determined by the system 
are closeto that calculated on the basis of actual 
measurements of process parameters with 1-7% variation. 
This shows that the proposed system is valid and couldbe 
used for determination of sustainability indicators from 
process plan of a part.  
iii. The system can also be used to compare two process 
plans for manufacturing a part and selecting the one with 
higher sustainability.  
iv. The system could also be used to compare the 
sustainability of two different designs of same part. 
 

5.2 FUTURE SCOPE  
 
The future work includes extending the system utilization for 
whole life cycle i.e. from metal preparation to disposal or 
recycle. The following are some of the key areas for future 
research 
i. Increasing the depth of research by taking the more 
phases of the lifecycle into account. 
ii. The sustainability may be determined on the basis of 
some more indicators like cost, time, logistics etc. 
iii. The suggestions to enhance the sustainability of a part 
could be introduced. 
iv. The database of the system may be enhanced. 
v. Analysis of sustainability of a part for different 
manufacturing processes may be taken into account. 
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