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Abstract: To succeed in the modern global economy, it is critical to build a Logistics network that is information-
rich, highly flexible, cost effective, and defined by both customer needs and internal corporate strategy.
Organizations must constantly reinvent the Logistics network to allow business growth and change. Yet, the
superiority in Logistics operations is anything but enough to achieve competitive advantage. The proper handling
of Reverse Logistics is currently perceived as the leading distinction edge among organizations. From another
perspective, high operational efficiency is dependent on quick, accurate, and continuous exchange of information
within an organization. Such ability is achieved through the use of modern Information Technology and computer
automation. As organizations cannot move into the highly competitive environment by adapting old management
methods, Process Reengineering might be the solution. In this research, the concepts of Reverse Logistics,
Information Technology, and Process Reengineering are spotlighted. A reengineering of the current maintenance
process of a major Egyptian Healthcare Medical Equipment Provider is proposed in order to enhance the
Customer Service Quality and the Operational Efficiency. Computer simulation modeling is used to evaluate the
proposed model.

Keywords: Business Process Reengineering, Computer Simulation, Customer Service Quality, Cycle Time, Healthcare,
Operational Efficiency, Reverse Logistics.

I. INTRODUCTION

The process of planning, implementing, and controlling the effective and efficient flow of products and services from the
point of origin to the point of consumption is commonly referred to as “Logistics”. Oppositely, “Reverse Logistics” (RL)
is a newer concept that encompasses all of these activities as they operate in reverse direction, from the consumption point
back to the origin, and that more than ever, is seen as vital for nowadays industries. The management of machine repairs
of previous purchases, a common type of reverse logistics, is considered an important frontier of competitive advantage.
Successful retailers understand that managing reverse logistics effectively will have a positive impact on their bottom line
and competitive advantage. Another cutting edge enabler is the use of modern Information Technology, as rapid
developments in IT increase the availability of information, and also the opportunities to transfer information between
different inter and intra-organizational units. Here potential avenues are explored to reengineer Reverse Logistics
processes, through the use of IT, with the aim of seeking enhancement in terms of customer service quality, operational
costs and cycle time.
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Il. PROBLEM STATEMENT

While the concept of Logistics and its related activities have been thoroughly studied, modelled, analyzed, and optimized,
the concept of Reverse Logistics, on the other hand, still lacks a lot of research effort. Most logistics systems are not well
equipped to manage product movement in a reverse channel, and returned products often cannot be transported, stored
and handled in the same manner as in a forward channel. The costs associated with Reverse Logistics are nine times
higher than those associated with forward Logistics. As failure in Reverse Logistics impacts negatively on customer
satisfaction, and causes market share loss, industries that have not spent much time and energy addressing Reverse
Logistics issues are now trying to make major improvements and reengineer their business processes.

I11. MOTIVATION, OBJECTIVES & CONTRIBUTION

The first application of Reverse Logistics Reengineering was conducted in 1997, however, from the investigated previous
studies tabulated in Appendix 1, there is no specific study that covers a complete Reverse Logistics Reengineering project
or indicates the best simulation application to be used. There is also no specific trend to measure the performance of the
Reverse Logistics or to reengineer it. This research is essentially motivated by the Reverse Logistics problems in general
and specifically by the fact that there are limited researches conducted in applying the Reverse Logistics Process
Reengineering in the HealthCare field, especially in Egypt. The main contribution of this research is to conduct an in-
depth analysis, a Reverse Logistics process modification and simulation for the purpose of improving the Customer
Service Quality and increasing the Operational Efficiency in the Egyptian Healthcare Equipment field. The main objective
of this research is to investigate avenues to reengineer a current reverse logistics process with a primary objective of
enhancing Customer Service Quality and a secondary objective of exploring opportunities for increasing the Operational
Efficiency.

IV. METHODOLOGY

The methodology adopted in this research is a mixed process methodology aiming at devising a transformation process to
map the analysis results acquired from RL process of a major HealthCare Medical Equipment Provider (HCMEP),
towards the obtention of a modified RL process framework in a systematic and automated way through the use of
computer simulation modelling. The main data gathering techniques used are Interviews, Documentation, Reports and
Observations.

V. LITERATURE REVIEW

The specific research question to be answered is: How can the Customer Service Quality be improved and the Operational
Efficiency be increased in terms of Cycle Time & Full Time Equivalents in the Reverse Logistics process of an
organization?

The relation between each of the variables contained in the hypotheses will be highlighted in the proposed hypotheses as
follows:

H1: There is a relation between Customer Service Quality (CSQ) and Cycle Time (CT).

H2: There is a relation between Operational Efficiency (OE) and Full Time Equivalents (FTES).

H3: There is a relation between Customer Service Quality (CSQ) and Operational Efficiency (OE).

The following Table 1 summarizes the reviewed literature and the relations between each variable of the hypotheses:

Table 1: Summary of Literature Review

H1, relation between CSQ & CT

Author(s) Conclusion

(Jacobson, 1997) Customer Service is improved when Cycle Times are reduced.
(Andersen, 1999) Reducing Cycle Times, save cost, time & Satisfy Customers
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(Papouras, 1999) Reduced Cycle Time increases Customer Satisfaction.

(Habibbhai & Deshpande, 2014) Short Cycle Times are essential to provide Customer Satisfaction.

H2, relation between OE & FTEs

Author(s) Conclusion

(Cox, 2006) Sales per full time equivalent is a measure of operational efficiency
(Horta et. al., 2010) Full time equivalent is a major KPI of operational efficiency.
(Mizrahi, 2011) Full time equivalent is a productivity measure to determine efficiency.

H3, relation between CSQ & OE

Author(s) Conclusion

There is a positive relation between Operational Efficiency & Customer

(Amini & Retzlaff-Roberts, 1999) Service Quality through reducing full time equivalent & cycle times.

Focused expenditure on customer value based activities has a positive

S, 2 impact on operational efficiency.

Offering value added services to customer provides more visibility about
(Auramo et. al., 2004) customer demand, which helps the supplier plan its own operations
effectively. Hence, it is a CSQ-OE loop.

Customer Service Quality is an output of Operational Efficiency and such

(el i, 20085 output should be measured to provide an actual indicator.

Strong positive correlation between operational efficiency & customer

(Reinwald, 2013) satisfaction based on service quality.

(Own, 2015)

From the previously summarized literature review, the following theories can be concluded:

From H1: Reducing Cycle Time (CT) increases Customer Service Quality (CSQ).

From H2: Reducing Cost per Full Time Equivalents (FTES) increases Operational Efficiency (OE).
Increasing Units per Full Time Equivalents (FTES) increases Operational Efficiency (OE).

From H3: Increasing Operational Efficiency (OE), increases Customer Service Quality (CSQ).

VI. CONCEPTUAL MODEL

A business process reengineering is implemented to address the main issues of a company’s RL Maintenance Process, and
proposing a modified maintenance process applied to a case study concerning one of the Egyptian Healthcare Medical
Equipment Providers (HCMEP), representing around 15 international product lines. For confidentiality reasons, the name
of the company will not be mentioned and will be referred to as HCMEP. It is a private partnership company, established
in 1986 for marketing and distributing Medical Equipment in the whole of Egypt.

Upon the preliminary interview with the Service Team, the main problems faced by HCMEP in its maintenance process
are; the complexity of the healthcare equipment that is limiting the on-site repairing process, as in 50% of service cases it
is a must to withdraw the machine from the customer’s site back to the service center. In addition, the climate nature
(temperature and humidity) in Egypt and other infrastructure problems such electric current volatility and road humps
(upon transportation) jeopardize the machines for defects, even after the repair process, upon returning back the machine
to the client.

The in-depth analysis conducted to the HCMEP’s current maintenance process (CMP), revealed the existence of two main
problems; A lot of customer complaints have been reported concerning the lengthy repairs which impacts negatively on
the customer service quality. The total income of the service department has decreased signaling the existence of some
operational deficiencies.
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The literature review, previous studies, together with the listed hypotheses has provided insights for handling these
problems by following these directions; Increasing the customer service quality (CSQ), which can be obtained through
reducing the maintenance cycle time (CT) (Based on H1).

Increasing the operational efficiency (OE) which can be obtained through increasing the number of units per full time
equivalent (FTE) and/ or decreasing the cost per full time equivalent (FTE) (Based on H2).

The HCMEP’s Current Maintenance Process (CMP) needs to be redesigned in order to simplify it, minimize the steps,
eliminate redundancy and optimize the efficiency.

Using a computer software program to generate all the available information needed once the service call is received. The
program is to generate the following;

Machine serial number, history of defects / repairs / upgrades and warranty conditions; Defect report including all
details of the defect, symptoms, error messages;

Client / site name, address, contact details;
Client history and recommendations of handling from previous experiences;

Assigning the qualified service engineer familiar with such defects and who received a previous training on such
machines;

Recommendation of handling such defect from previous experiences, which may facilitate the repair onsite process;
Approximate service cost for repairing such defects;

Upon investigation onsite, in case the defect differs from the reported defect in the service call, the service engineer
can access the system to identify all recommendations and troubleshooting steps necessary to eliminate such defect
and repair the machine onsite;

In both cases, either to repair onsite or to repair in the service center, the system can provide an estimated service
quotation for the client approval;

The computer software is to provide the ability of predicting the needed spare parts to be available in stock based on
the previous maintenance operations, which will save the import time in many maintenance cases.

The cost of the computer program is estimated to be EGP 30,000, which will be depreciated on 2 fiscal years (15,000
EGP / each of the initial 2 years of using the software).

The Proposed Maintenance Process (PMP) was modified and the main differences between the current & the proposed RL
processes can be summarized as follows:

Table 2: Main Differences between CMP & PMP

CMP PMP
IT Process automation Not available Available
Number of process steps 30 19
l\_/lachme maintenance cycle 82 - 294 62 - 213
time range (hours)
Defected machine history Not available unless manually investigated Issued automatically early in the

service order

Explored manually lately in the repair | Issued automatically early in the

Warranty conditions -
y process service order

Assigning a qualified engineer
Engineer assignment An available engineer is assigned trained on the reported defect(s) or
familiar with machine type.
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Issued automatically early in the

Estimate repair quotation Not available service order
Higher probability for spare parts
Spare parts availability May or may not be available in stock availability due to software

prediction

Machine treated as new order and submitted | Machine submitted only to repair/
to assigning new engineer in a whole | replace and retesting cycle with
repeated service cycle (time consuming) same engineer (time saving)

Failure in repair testing
attempt

(Own, 2015)

VIl. COMPUTER SIMULATION MODELLING

Using Arena® simulation software V.14.70.04, the following steps were applied,;

Step 1: Mapping the current and proposed maintenance process diagrams into Arena simulation flow chart modules,
consisting of entities, processes, decision points, disposal points and end points as shown in Appendix 2.

Step 2: Defining model data associated with each module, setting time distribution constraints in addition to decision
point probability conditions.

Step 3: Allocating the case study resources and defining associated parameters.

Step 4: Specifying the same replication length, duration, working hours.

Step 5: Running the Simulation and viewing the category overview reports.

CMP Simulation Results:

After running the simulated CMP model with [OP-SC1], the following results were obtained from the Arena Category
Overview Report.

The number of maintained and delivered equipment at the end of the simulated period is 654 devices out of 700. The
average total time for a medical equipment maintenance cycle is 275 hours in which only 43 hours spent as value
added time and 232 hours spent as wait time.

The average total (Manpower) cost for a single medical equipment maintenance is 560 EGP.

The total maintenance resources (Manpower) cost during 300 days simulation period is 408,277 EGP (in which the
busy cost is 397,701 EGP and the idle cost is 10,575 EGP).

After running the simulated PMP model with [OP-SC1], the following results were obtained from the Arena Category
Overview Report.

The number of maintained and delivered equipment at the end of the simulated period is 695 devices out of 700.

The average total time for a medical equipment maintenance cycle is 89 hours in which 25 hours are spent as value
added time, and 64 hours spent as wait time.

The average total cost for a single medical equipment maintenance is 313 EGP.

The total maintenance resources cost (Manpower) during 300 days simulation period is 409,354 EGP (in which the
busy cost is 218,282 EGP and the idle cost is 191,072 EGP). Plus the 15,000 EGP annual cost of the specialized
maintenance computer program (as computer software is usually depreciated on 2 fiscal years) = 424,354 EGP.

PMP First Simulation Results:

After running the simulated PMP model with [OP-SC1], the following results were obtained from the Arena Category
Overview Report.
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The number of maintained and delivered equipment at the end of the simulated period is 695 devices out of 700.

The average total time for a medical equipment maintenance cycle is 89 hours in which 25 hours are spent as value
added time, and 64 hours spent as wait time.

The average total cost for a single medical equipment maintenance is 313 EGP.

The total maintenance resources cost (Manpower) during 300 days simulation period is 409,354 EGP (in which the
busy cost is 218,282 EGP and the idle cost is 191,072 EGP). Plus the 15,000 EGP annual cost of the specialized
maintenance computer program (as computer software is usually depreciated on 2 fiscal years) = 424,354 EGP.

PMP Second Simulation Results:

The results of the first PMP simulation run revealed a high idle cost suggesting a recommended reduction in manpower.
For this specific reason, the first operational scenario [OP-SC1] is adjusted into the second operational scenario [OP-SC2]
which is then tried to assess the effect of excess Manpower reduction on cost and efficiency. The following results were
obtained from the Arena Category Overview Report.

The number of maintained and delivered equipment at the end of the simulation period is 700 devices out of 700.

The average total time for a medical equipment maintenance cycle is 97 hours in which 25 hours are spent as value
added time, and 72 hours spent as wait time.

The average total cost for a single medical equipment maintenance is 317 EGP.

The total maintenance resources cost (Manpower) during the 300 days simulation period is 300,300 EGP (in which the
busy cost is 221,901 EGP and the idle cost is 78,399 EGP). Plus the 15,000 EGP annual cost of the specialized
maintenance computer program (as computer software is usually depreciated on 2 fiscal years) = 315,300 EGP.

VIIl. ANALYSIS & SUMMARY

The results acquired from the Simulation Reports for the three simulation runs CMP [OP-SC1], PMP [OP-SC1] and PMP
[OP-SC2] are summarized in the following Table 3.

Table 3: Summary of simulation results

CMP [OP-SC1] PMP [OP-SC1] PMP [OP-SC2]
Number of maintained devices | 654 695 700
(number out)
Number of units per Manpower | 44 46 64
Average Cycle Time per | 275 89 97
(hours) Value-added time | wait time | Value-added time | wait time | Value-added time | wait time
43 232 25 64 25 72
Average cost per machine 560 313 317
(EGP)
Total resources Manpower cost | 408,277 Without computer SW cost Without computer SW cost
409,354 300,300
(for 300 operational days)
(EGP) Busy cost Idle cost | Busy cost Idle cost
Busy cost Idle cost | 218,282 191,072 | 221,901 78,399
397,701 10,575 With computer SW cost With computer SW cost
424,000 315,300
(Own, 2015)
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Time Analysis:

The average Cycle Time (CT) for each single machine is a key comparison aspect and a major factor when considering
which process to adopt, as it is a pointer towards customer service quality (as demonstrated in H1).

The examination of the comparison of the CMP [OP-SC1], PMP [OP-SC1], and PMP [OP-SC2] concerning the average
cycle time attribute reveals the following information:

e The average cycle time in the Current Maintenance Process CMP is quite high; 275 hours =~ one and a half month,
which rationalizes the customer complaints about the repair delays.

e The fact that the majority of the cycle time is wasted as wait time reveals the presence of a problem and the urge for
process reengineering.

* The most time accumulating process activities, according to the category overview report, are the “Testing” process
followed by the “Assign Qualified Engineer” process. These processes are Manpower-dependent, showing that the
available 15 engineers and technicians are not sufficient to handle the defective machines efficiently given the current
maintenance process configuration.

* The average cycle time in the Proposed Maintenance Process PMP [OP-SC1] has dramatically improved; 89 hours =~
12 days, which would definitely stop any delay complaints.

* The wait time has noticeably decreased proving the significance of process reengineering.

* In the redesigned proposed process, the 15 engineers and technicians are fairly enough to handle the defective
machine.

* The average cycle time in the Proposed Maintenance Process PMP [OP-SC2] has also dramatically improved; 97
hours =~14 days, though it is slightly longer than PMP [OP-SC1].

» The wait time is very acceptable regarding the fact that the number of Manpower has decreased from 15 to 11
engineers and technicians, but still the handling of repairs is adequate.

Cost Analysis:

Cost is a major factor to consider when comparing processes. There are three categories of costs to analyze; average
maintenance cost per machine, total resources cost, and busy versus idle costs.

* From the examination of the comparison of the CMP [OP-SC1], PMP [OP-SC1], and PMP [OP-SC2] concerning the
average maintenance cost per machine, the Current Maintenance Process (CMP) exhibits the highest cost per machine
whereas the Proposed Maintenance Process (PMP) in both scenarios shows a significant cost decrease.

» Although the total resources cost of the Proposed Maintenance Process (PMP) in [OP-SC1] seems to be slightly higher
than the Current Maintenance Process (CMP), this is a deceiving increase as the total number of maintained machine
in PMP is more than CMP.

* The second scenario application to the Proposed Maintenance Process (PMP) proves to be the best concerning the total
resources cost (least cost and most maintained machines).

* In the Current Maintenance Process CMP, the idle cost is very small in comparison to the busy cost. This is usually a
good efficiency indicator; all Manpower working and little money spent on rest. But again this is misleading because
the wait time for the machines in CMP is very big; meaning that the Manpower available is not enough to handle the
maintenance.

* In the Proposed Maintenance Process PMP [OP-SC1], the idle cost is relatively high, meaning that the workforce
exceeds than the workload. This is because the reengineering effort in PMP and the use of IT organized the process
and made it less Manpower-dependent.

e This big idle cost in the PMP [OP-SC1] was the reason in the first place for the introduction of the second operational
scenario [OP-SC2], in which the Manpower is reduced in order to decrease the idle cost.
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* In the Proposed Maintenance Process PMP [OP-SC2], the idle cost has decreased in comparison to [OP-SC1] as a
result to Manpower reduction, and even though the number of maintained machines has increased showing that PMP
[OP-SC2], at this point, exhibits the best results.

Output Analysis:

The comparison of the CMP [OP-SC1], PMP [OP-SC1], and PMP [OP-SC2] concerning the total number of maintained
and delivered machines at the end of the 300 simulation run period, revealed the following:

e The Proposed Maintenance Process PMP [OP-SC2] demonstrates the best results concerning the number out (all
machines are maintained and delivered) in comparison to both CMP and PMP [OP-SC1].

e The number of units per Full Time Equivalent (FTE) and the cost per Full Time Equivalent (FTE) are chief
comparison factors as they are indicators to Operational Efficiency (OE).

* Increasing Operational Efficiency (OE) can be realized in many ways, some of which include, as demonstrated in H2,
the increase in the number of units per Full Time Equivalent (FTE) and/ or the decrease in the cost per Full Time
Equivalent (FTE).

* In the Proposed Maintenance Process PMP, in both scenarios, no decrease in cost per FTE was realized. This is
partially due to the cost of computer software that adds to the total resources cost. However, no visible increase in the
cost / FTE in both scenarios of PMP is manifested.

* On the other hand, the number of units per FTE in both scenarios of the Proposed Maintenance Process PMP, and
especially in [OP-SC2], shows a raise and an improvement comparing to CMP.

Analysis Summary:

The Proposed Maintenance Process PMP, in both scenarios, dramatically improved the average machine Cycle Time
(CT). This is a major contributor to increasing Customer Service Quality (CSQ) which is one of the HCMEP intended
objectives. The Proposed Maintenance Process PMP, in both scenarios, significantly reduced the average machine
maintenance cost, which counts as a positive signal for both the customer and the company. The total number of
maintained and delivered machines by the Proposed Maintenance Process (PMP), in both scenarios, were augmented. The
number of units per Full Time Equivalent (FTE) in the Proposed Maintenance Process PMP, in both scenarios and
particularly in [OP-SC2], has radically increased. This indicates an enhancement to the Operational Efficiency (OE)
which is another HCMEP intended objective. Although the cost per FTE hasn’t decreased, the benefits realized by the
Proposed Maintenance Process PMP, for either scenario, compensate the slight cost increase required to adopt it. Thus,
the Proposed Maintenance Process PMP proved to be a success and managed to accomplish the required objectives.

IX. CONCLUSION

Successful organizations constantly rethink how they do their work in order to improve customer service, cut operational
costs, and become world-class competitors. Reverse Logistics, a field that has formerly been overlooked, can play an
important part in the growth of an organization, and whom when properly handled, leads to minimizing costs, increasing
customer service and gaining customer loyalty. A Reverse Logistics process reengineering effort, all the way through
restructuring the process design, optimizing sub processes, and incorporating IT and computer automation, can lead to
achieving the mentioned objectives. In this study, the notions of Reverse Logistics, Business Process Reengineering, and
Information Technology were the focal points guiding the research effort. A Reverse Logistics maintenance process
reengineering model was proposed, to target the deficiency occurring in the current maintenance process of a case study.
The proposed model was tested and evaluated using computer simulation modelling. The Arena simulation software used
allowed the comparison of multiple scenarios for both case study’s current and proposed maintenance processes, and the
analysis of the results confirmed the worth and significance of the proposed process. There is a demonstrated inversely
proportional relationship between Cycle Time & Customer Service Quality, an inversely proportional relationship
between Operational Efficiency & cost per Full Time Equivalent, a direct proportional relationship between Operational
Efficiency & units per Full Time Equivalent, and a direct proportional relationship between Customer Service Quality &
Operational Efficiency as deduced from the literature review and the previous studies. The thorough analysis of the
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current maintenance process of the HCMEP case study revealed multiple flaws and lack of efficiency which were the
drive to engage in the reengineering effort. Process streamlining, Information Technology and automation, and
redundancy elimination were included in the reengineered proposed maintenance process model with the aim of
enhancing Customer Service Quality and improving Operational Efficiency. Simulation modelling was conducted to both
current and proposed maintenance processes so as to evaluate and provide a comparative basis upon which, the decision
making concerning process adoption could be facilitated. The simulation findings’ analysis confirmed the merit of the
proposed maintenance process and verified its ability to accomplish the desired objectives.

X. LIMITATIONS OF THE STUDY

The focus on one industry only, the Healthcare Equipment industry, represents a limitation to the generalization of the
findings to other industries in the Egyptian market. This research considers a retailer’s viewpoint but do not consider other
stakeholders, such as manufacturers. Other studies consider a manufacturer point of view more specifically. Thus, this
research is considered to be complementary to other studies. The chosen case study company has knowledge about
Reverse Logistics (judgmental sampling), which may not agree with true sample population. Time is another limitation, as
it prevented the actual application and implementation of the proposed reengineered maintenance process.

Xl. RECOMMENDATIONS FOR FUTURE WORK

The main recommendation is to apply the proposed maintenance process in the real world, as it was a limitation to apply it
over a 1 year period to measure the validated virtual results of the simulation against reality. In addition, it is highly
recommended that future studies to cover in addition, the reengineering of reverse logistics channels, back to the other
side of the supply chain, from the distributor to the manufacturer, as this is perceived to save also time and cost for the
ultimate end-user.
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APPENDICES

Appendix 1: Summary of the Previous Studies.
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Appendix 2: CMP & PMP Simulation Flowchart Maps.
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