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 A B S T R A C T 

This paper dealt study effect quality indicators  of crushing Limestone 
process in quarries onto Sustainable Manufacturing. Sustainable 
Environment was achieving through minimizing quality indicators 
which were use resources and lead time during crushing of limestone 
in position. Non-value added time and use resources are studied in this 
paper. This paper aims to show impact key performance indicators of 
quality which were production efficiency, efficiency of manufacturing 
cycle and efficiency of use resources onto Operational and 
environmental sustainability in order to reduce environmental and 
operational impacts onto environment and human health.  Crushing 
Limestone process had been employing on one year as a case study to 
evaluate operational and environmental sustainability of an Iraqi 
industry. Program of Minitab-Version 17 was employed to analyze 
information of production process. Results illustrated that the rate of 
efficiency of utilized resources and waste of resources on one year were 
95% and 5%. Conclusions shown lead time was an important 
performance measure of quality from sustainable Manufacturing 
perspective. 
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1. INTRODUCTION 
 
Sustainability is the exploitation of resources 
in a way which fulfills present requirements 
and not affects needs of future generations of 
resources. Sustainable manufacturing can be 
achieved by implementing quality practices on 
inputs and manufacturing processes. Efficient 
use of resources means increasing the 
manufacturing production volume with fewer 

resources, in other words providing greater 
value with fewer inputs, where to achieve that 
goal requires using less (materials, energy, 
consumables) to produce the same outputs 

[1]. Manufacturing firms care about 
environmental impacts as a priority and do 
not focus only on sustainability. Through this, 
it aims to increase environmental awareness 
in the industrial sector, as the application of 
sustainable manufacturing has become of 
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great importance [2]. Three studies dealt with 
everything related to the key performance 

indicators under study. Duygu  et al., [3] 
discovered existence of invisible waste on the 
production line of the clothing company. They 
employed statistical performance measures to 
measure process cycle efficiency by calculating 
lead time. Their results shown key 
performance indicators of lead time was 
decreased from 4762 to 2702 minutes, and 
process cycle efficiency was increased from 
0.9% to 1.5%  onto production line.          

Kliment et al., [4] focused on two key 
performance indicators were production 
efficiency and product quality in 
manufacturing food products. They tested the 
ability to improve production efficiency of 
packaging food products on the production 
line, in addition to optimize quality by 
applying sensing technology of unwanted 
objects. They concluded that current 
productivity has improved from 19.03% to 
47.16% as a result of using sensor technology 
to isolate unwanted materials.  Afshari et al. 
[5] showed          that there is a positive 
relationship between environmental 
development and improving the total 
environmental efficiency in industrial 
organizations. Accordingly, adopting 
sustainable manufacturing activities 
encourages organizations to find strategies 
that enable them to reduce the consumption 
use resources and increase quality production. 
 
2. METHODOLOGY 
 

Quality indicators represented of production 
efficiency, manufacturing cycle efficiency and 
efficiency use resources were employed them 
to prevent each of waste time and resource 
consumption in limestone quarries in order to 
reach sustainable manufacturing. Independent 
factors represented of lead time and 
unefficient use resources had passive impact 
on quality indicators through Crushing 
limestone processes in position. These 
indicators had fluctuation effect with 
operational and environmental performanc 
indicators in order to reduce lead time and 
improving use resources, which in turn had a 
direct impact on achieving the goal of the 
study, which is to achieve sustainable 
manufacturing as shown in figure (1).  

 
Fig. 1. Quality Methodology to achieve Sustainable 
Manufacturing 

 
3. PRODUCTION EFFICIENCY 
 
Production efficiency is the station in which the 
system cannot manufacture more goods 
without affecting another product. Productivity 
efficiency is often used synonymously with 
production efficiency, and this is evidence that 
the system is operating at its maximum 
production capacity. Achieving production 
efficiency in industrial companies requires 
improving the system for manufacturing 
products at the lowest cost by improving the 
use of resources, which has a positive effect on 
reducing waste and increasing profits [6]. It is 
very important to measure production 
efficiency to evaluate the performance of a 
manufacturing company, relying on quality 
indicators that enable companies to identify 
bottlenecks and wasted time and then eliminate 
them, and improve quality production 
processes.To determine production efficiency, 
companies have to compare their actual 
production volume rate to a standard 
production volume rate. This may be employed 
to automated or manual work [7]. 
 
4. MANUFACTURING CYCLE EFFICIENCY 
 
Process cycle efficiency means measuring 
efficiency of production process by measuring 
the time that adds value to the customer against 
the used time in activities that do not add value, 
such as waiting time. Improving manufacturing 
cycle efficiency has great benefits for industrial 
companies involves increasing production 
volume, reducing waste of time, and improving 
product quality. To calculate manufacturing 
cycle efficiency of industrial companies have to 
compare their value added time (processing 
time) to lead time of throughput [5].  
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5. RESOURCE EFFICIENCY 
 
Use resources in industry is one of 
environmental performance indicators that 
effects onto sustainable manufacturing and 
represents the relationship between employing 
limited resources in a sustainable method with 
reducing their negative impacts on the 
environment. Efficient use of resources is 
considered one of the basic elements of 
competitiveness among industrial organizations. 
Therefore, efficient use of resources provides 
significant resources that contribute to reduce 
the costs of manufacturing operations, improve 
quality production, and face environmental 
challenges during production. To calculate 
resource efficiency must compare between 
actual and effective production volumes [8]. 
 
6. RESULTS AND ANALYSIS 
 
6.1 LEAD TIME AND PRODUCTION EFFICIENCY 
 
Lead time of manufacturing activities faces 
challenging of breaking hours due to 
breakdowns that affect productivity of limestone 
material. Figure (2) illustrated better average of 
actual production time per day was 5.77 hrs. 
compared with designed production time per 
day was 7.14 for each month through one year. 
 

 

Fig. 2. Lead Time of  Production Limestone. 
 
In spite of actual lead time was major in April 
month but, production volume and efficiency in 
that month were not major compared with 
residual months. This means existence waste in 
time and use resources through manufacturing 
stage as shown in table (1) which listed standard 
and actual production volumes. This Table 
showed effect these independent parameters 
onto production efficiency. 

 
 
Figure (3) illustrated that major and minor 
production efficiency of limestone through 
crushing plant for one year are in May and 
March months that can be evaluated were good 
production efficiency 74% and 72%). But, 
average production efficiency of crushing plant 
through one year is 63%. which was median 
approximately. Average production efficiency 
for one year can be classified  as medium at 
63%. When manufacturing's firm employed 
efficient use resources led to minimize lead time 
of production that used to produce limestone, 
where average production efficiency optimized 
from 63 % to 66 % for one year of production. 
This figure illustrated that production efficiency 
was equal in July and October months due to 
efficient use resources. 
 

 
Fig. 3. Actual and Optimized Production Efficiency of 
the Limestone 

 
6.2 MANUFACTURING CYCLE EFFICIENCY 

Table (2) shown the relationship between 
manufacturing cycle efficiency and waste time 
throughout effective manufacturing cycle. 
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Figure (4) illustrated that the largest value for 
manufacturing cycle efficiency was in the ninth 
month, which considered the least possible of 
waste time, and the largest waste time was in 
the eighth month, at a rate of 14%. The rate of 
manufacturing cycle efficiency and waste time 
on one year were 92% and 7%. 
 

 

Fig. 4. Manufacturing Cycle Efficiency and Waste Time. 

 
6.3 RESOURCES USE EFFICIENCY 
 
The volume of efficient production and 
resources that did not add value were listed in 
Table (3), that illustrated the relationship 
between resource efficiency and waste 
resources.  
 
Figure (5) which shown that the largest value for 
the efficiency of using resources is in the seventh 
month, which confirms that the waste of materials 
was the least possible, and the largest waste of 
materials was in the second and eighth months, at 
a rate of 10%. The rate of use resources  and waste 
it on one year were 95% and 5%. 

 
 

 
Fig. 5. Resource Efficiency and Waste Resources 
 
7. CONCLUSIONS  AND RECOMMENDATIONS 
 

1. Lead time was one  of quality indicators that 
considered an important performance 
measure because it had a significant impact 
on operational and environmental 
performance of sustainable manufacturing. 

2. Optimizing production efficiency contributed 
to reduce lead time and increase effective 
production volume. 

3. Resources cycle efficiency was contributed of 
sustainable manufacturing of 95% while, the 
remaining 5% had been non-value added 
resources through production. 

4. Manufacturing cycle efficiency was 
contributed of sustainable manufacturing of 
92% while, the residual 8% had been wasted 
time due to quality activities that non-value 
added. 

5. Quality indictors contributed to reduce 
environmental and operational impacts onto 
environment and human health. 
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6. Study effect of social and economic 
performance indicators of quality in other 
industries from perspective sustainable 
manufacturing. 

 
ACKNOWLEDGEMENT 
 
I extend my thanks and appreciation to all the 
workers, technicians and engineers at the 
limestone quarry site for helping me to access 
the necessary data to complete my scientific 
research. 
 
 
REFERENCES 
 
[1] V. K. Sharma, "Sustainable Manufacturing 

through Resource Efficiency and Circular 
Economy Principles," The Automotive 
Component Manufacturers Association of India 
(ACMA), 2023. [Online]. Available: 
https://www.linkedin.com/pulse/sustainable-
manufacturing-through-resource-efficiency-vk-
sharma. 

[2] A. N. H. Aris, M. Ilyas, Z. Fien, D. R. S. Dian, and S. 
R. S. Sarifah, "The Effect Of Sustainable 
Manufacturing On Environmental Performance 
Through Government Regulation and Eco-
Innovation," International Journal of Industrial 
Engineering and Operations Management, vol. 5, 
no. 3, 2023. [Online]. Available: 
https://doi.org/10.1108/IJIEOM-04-2023-
0039. 

[3] D. S. Kansul and G. K. Kansul, "Increasing The 
Process Cycle Efficiency Of Men’s Trousers 
Assembly Line," Tekstil Ve Konfeksiyon, vol. 29, 

no. 2, pp. 253-261, 2019. [Online]. Available: 
https://doi.org/10.32710/tekstilvekonfeksiyon.
498921. 

[4] M. Kliment, P. Trebuna, M. Pekarcikova, M. 
Straka, J. Trojan, and R. Duda, "Production 
Efficiency Evaluation And Products' Quality 
Improvement Using Simulation," Int J Simul 
Model, vol. 19, no. 3, pp. 470-481, 2020. 
[Online]. Available: 
https://doi.org/10.2507/IJSIMM19-3-528. 

[5] H. Afshari, C. Searcy, and M. Y. Jaber, "The role of 
eco-innovation drivers in promoting additive 
manufacturing in supply chains," International 
Journal of Production Economics, vol. 223, p. 
107538, 2020. [Online]. Available: 
https://doi.org/1016/j.ijpe.2019.107538. 

[6] C. T. Chao, "Pollution, Production Efficiency and 
Economic Growth: A Synthesis," International 
Journal of Economics and Finance, Canadian 
Center of Science and Education, vol. 14, no. 9, 
pp. 1-8, 2022. [Online]. Available: 
https://doi.org/10.5539/ijef.v14n9p1. 

[7] R. Sickles and V. Zelenyuk, Measurement of 
Productivity and Efficiency: Theory and Practice, 
Cambridge University Press, 2019. [Online]. 
Available: 
https://doi.org/10.1017/9781139565981. 

[8] M. G. Mangesh and A. Zulfiqur, "Measuring 
Resource Efficiency and Resource Effectiveness 
in Manufacturing," International Journal of 
Productivity and Performance Management, 
2018. [Online]. Available: 
https://doi.org/10.1108/IJPPM-11-2017-0282. 

 

 
 
 

 

 

https://www.linkedin.com/pulse/sustainable-manufacturing-through-resource-efficiency-vk-sharma
https://www.linkedin.com/pulse/sustainable-manufacturing-through-resource-efficiency-vk-sharma
https://www.linkedin.com/pulse/sustainable-manufacturing-through-resource-efficiency-vk-sharma
https://doi.org/10.1108/IJIEOM-04-2023-0039
https://doi.org/10.1108/IJIEOM-04-2023-0039
https://doi.org/10.32710/tekstilvekonfeksiyon.498921
https://doi.org/10.32710/tekstilvekonfeksiyon.498921
https://doi.org/10.2507/IJSIMM19-3-528
https://doi.org/1016/j.ijpe.2019.107538
https://doi.org/10.5539/ijef.v14n9p1
https://doi.org/10.1017/9781139565981
https://doi.org/10.1108/IJPPM-11-2017-0282

