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 In recent years, the concept of sustainable product service system has been emerged as 

a solution for achieving our production and consumption more sustainable by 

emphasizing product function, the usage efficiency and services. The objective of this 
paper is to design a leasing company process in which economical, environmental and 

social impacts are balanced. Analytical hierarchy process (AHP) has been utilized to 

calculate social impacts. Life cycle analysis (LCA) has been applied to investigate the 
environmental impact of leasing process. Also economical impacts calculated during 

the leasing period and product EOL phase. For achieving these goals, indicators for 

each sustainability objectives are modeled with simulation modeling and results are 
discussed. Also simulation-based optimization approach is investigated and the 

integrated mathematical and simulation optimization model is developed for optimizing 

leasing services with respective of three mentioned sustainability objectives. Finally, a 
case study of a leasing notebook company is provided to show the applications of the 

model. 
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INTRODUCTION 

 

 Limited resources have been being consumed by unsustainable use of human [1]. Sustainable development 

strategy is essential for making balance between demand and fair consumption in competitive situation [2]. The 

concept of sustainability was first formulated in 1987 with Brundland report stating that the goal of 

sustainability is to “meet the needs of present generation without compromising the ability of future generation 

to meet their own needs” [3]. What pushes organizations in competitive market to set strategy for achieving 

sustainability is more and more demanding for economical and green products. Leasing can be considered as a 

strategy for achieving sustainability. Therefore, leasing which is entirely sustainable fulfills simultaneously 

these three pillars in product development: Environment, Social and Economy. 

 A lease is a method by which a customer acquires the use of a product from a lessor for a period of time in 

exchange for a regular lease payment [4]. By leasing, the organization retain the ownership of the product 

throughout its life cycle and the product has a closed loop life cycle in which the product is used by consumer 

during the leasing period, after that it will be taken back to the leasing company. During leasing period, repair 

and replacement costs are paid by the leasing company [5]. At the end of leasing period, the consumer returns 

the product to the leasing company which becomes responsible for product EOL recovery [6]. The leasing 

company must consider economical, environmental and social impact of their products during the use and EOL 

phases in order to achieve sustainability [7]. 

  Actually, sustainable leasing company’s activities and decisions are based on pull supply chain framework. 

Pull supply chain is focusing on optimized using resources to serve flexible demands and high customer service. 

If the focus is shifted from products sold to services rendered, it becomes advantageous to have reliable and 

long-lasting product, especially where maintenance and repair costs are high [8]. 

  A growing number of researchers have argued that leasing has environmental benefits as well, claiming 

that the practice of leasing products, rather than selling them, increases resource productivity by moving to a 

pattern of closed-loop material use by manufacturers. To address growing problems of waste, governments 

around the world have established or proposed stricter legislation to prevent the open loop “sell and forget” 
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mode of transacting for a producer. That is, producers are required to take responsibility for their products at the 

end-of-life (i.e. sell and take-back). A primary argument for the environmental benefit of leasing focuses on the 

leasing firm’s ability to promote extended producer responsibility (EPR). EPR motivates manufacturers to “take 

back their products when consumers discard them, manage them at their own expense, and meet specified 

recycling targets”. 

  From an economical perspective, leasing allows the leasing company to retain ownership of the product. It 

will therefore be in the leasing company’s best interest to keep the product operating at peak condition, 

extending the product life and thus lowering the deprecation rate while maximizing take-back value. A lease is 

less risky for consumer and positively affects the consumer’s tax situation [9]. Therefore, the key to an 

economic “win” is the relationship between depreciation, take-back value and cost of leasing. According to 

leasing curve Leasing can reduces maintenance costs over time [10]. Any product failure within the leasing 

period imposes costs both on the leasing company and the consumer (Handling cost, shortage cost, system down 

cost, waiting cost, etc.) [11,12]. Therefore, the terms of lease should be carefully determined to minimize the 

maintenance and repair costs during the leasing period as well as the product recovery costs at the end of the 

period. Also the leasing period and EOL options should be defined such that the overall environmental impact 

of the product to be minimized [16]. 

 Computer leasing companies, car renting services and home appliances leasing are some of the most 

popular types of these services [8]. Some examples of successful computer leasing companies were summarized 

in Table 1. 

 
Table 1: Example of notebook leasing companies. 

Leasing program Description Company 

Customer can lease the Notebook and take-back or own at the EOL phase. Dell 

Customer can extend the leasing length, purchase the equipment outright, or returning leased assets to IBM Global 
Financing. 

IBM 

With Toshiba financial services, the lessee can choose to return or purchase the assets, or renew the lease for a shorter 

term. 
Toshiba 

 

 Also many rental organizations offer a wide variety of leasing services to a large number of major business 

industries such as Banking & Investment, High Tech Companies, Small to Medium Business (SMB) and etc 

[13]. 

 Therefore, leasing services has been viewed as a strategy for increasing resource productivity and 

minimizing waste generation for many companies [8,7,14]. In a leasing system, product life cycle loop is fully 

closed and product ownership is resided with the manufacturer. In the lease period, the product is used by 

consumer and after this period product is taken-back to the leasing company. During the lease period, repair and 

replacement cost is paid by the leasing company. At the end of leasing period consumer takes back the product 

to leasing company and the ownership of that product is remained by him whom is now responsible to recover 

the end-of-life value from its products. Leasing is environmentally advantageous, as it increases the probability 

of a product being reused, remanufactured, or recycled at the EOL phase and minimizes waste generation. Also 

it has social and economical impact. In Figure 1 the proposed sustainable leasing system is depicted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The proposed sustainable leasing system. 

 

 During leasing period, repair and replacement cost is paid by leasing company. In this period repair and 

replacement has environmental impacts. Also consumer has paid cost because of increasing product functional 

cost. At the EOL phase, disposal costs and value of recycled materials are major factors for the leasing company 
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to recover as much value from his/her products as possible. In this phase, remanufactured product is leased to a 

new consumer with repaired, replaced or remanufactured parts for a new leasing period.  

 Besides the benefits of leasing for the manufacturer, consumers also have advantages when they lease a 

product instead of buying them. As such, they pay for the services provided by the product rather than for the 

product itself. Moreover, leasing products like computers makes it easier for customers to sooner upgrade to the 

newest technology. Certainly, product characteristics affect the viability of a leasing [15]. But during leasing 

period, because of repair and replacement, consumer has feel inconvenience and operational cost is increased 

because of product failure, handling cost, shortage cost, system down cost, waiting cost, etc. On the other hand 

by increasing the number of lease products, leasing company’s cost is increased due to buying product, 

increment employees and increasing EOL cost. Therefore considering all of sustainability objectives collectively 

and analyzing the trade-off between these objectives can help the leasing company to achieve sustainability 

through leasing services. Also consideration of uncertainty during services and EOL phase (such as product 

failure, repair and replacement distribution functions) is lacking in literature [16].  

 According to proposed problem, our model gives a better understanding of sustainable leasing services 

concept by considering tradeoffs between environmental, social and economical objectives. 

 The final goal of this paper will be to provide a model for sustainable leasing services and determining the 

number of leased products and leasing period with respect to environmental, economical and social impact of 

this process. However due to the fact that any product failure during consumption period has a very uncertain 

and probabilistic nature therefore the developed model should be able to accommodate all these uncertain 

conditions. 

Contribution and objectives of this paper are as follow: 

 We model the impacts of three objectives of sustainability, named: environmental, economical and social 

for leasing services. 

 For evaluation of each objective, indicators are determined and quantified by mathematical model. For 

quantifying social indicator, Analytical hierarchy process (AHP) has been utilized to calculate social impacts. 

Also life cycle analysis (LCA) has been applied to investigate the environmental impact of leasing process. 

 For demonstrating proposed problem, simulation modeling and optimization technique will be applied. Real 

situations of leasing operations such as product failure rate or repair and replacement probability functions can 

model due to flexibility of this tool. 

  At last, a case study for leasing computer notebooks in Iranian market will be applied and results will be 

discussed.  

  This paper is organized as follows. At first related literature survey on sustainable leasing services is 

reviewed. Then the methodology for modeling of sustainable leasing is proposed. In next section we 

demonstrate applying simulation modeling in sustainable leasing. The case study relating to the proposed 

problem is described and results are discussed. Finally, conclusions and suggestions for future studies are 

explained. 

 

Literature Review: 

 In this section, a brief literature review on the role of leasing process in sustainable service-production 

development is presented. The main reason of our literature review is to ascertain the major achievements of 

previous researches in order to clearly differentiate our work from those studies.  
 Halme et al. [17] present a methodology for evaluation of over 200 European household services in seven 
different areas related to household consumption. Services were chosen that contribute to at least two of the 
three dimensions of sustainable development: environment, social aspects, and economy. The analyzed services 
are called sustainable home services indicating that they are provided to the customers directly at home or on the 
premises, and that they enhance sustainable development. It appears that the social effects of the assessed 
services are larger than their environmental and economic benefits. Kuo [18] investigated the options of 
purchasing or leasing by developing a simulation model. He used the office copy machines as an example to 
propose a maintenance service model on sell and leasing process. The service included maintenance, recycling, 
reverse logistics, and final waste disposal. Watanabe et al. [10] suggested the service process model to describe 
the influence of a service to multiple stakeholders. A bike rental company was analyzed as a case study and a 
simulation framework was developed for modeling a complicated service structure for the evaluation of 
company's leasing process.  Mont et al. [19] propose a business model that integrates leasing services and 
remanufacturing strategies for baby pram manufacturers. They argued that, with appropriate design changes that 
enable easy and cheaper remanufacturing, utilizing the leasing option is expected to generate long-term 
sustainable profits, which otherwise would be lost to the second-hand market. Mangun and Thurston [20] 
presented a case study on personal computer to demonstrate eco-leasing advantage. The model developed in 
their paper applied constrained optimization modeling to help decision making regarding component reuse 
across multiple product lifecycles. This approach highlights the importance of leasing services on environmental 
product design. Thurston and Delatorre [21] have addressed many advantages of leasing with respect to 
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extended producer responsibility and sustainable production. Economical and Environmental aspects of leasing 
were optimized as a multi-attribute utility function. To better meet the needs of various customers, they 
introduced a product portfolio model. The model identified the optimal combination of decisions for 
remanufacturing, recycling or disposing of 88 components of personal computer among three different market 
segments over three product lifecycles. They also recommended that service contracts could be considered as 
engineering design decision variables at future works. Zhao et al [22] introduced a methodology to establish 
more efficient closed-loop, multiple life cycle product stewardship. A multiple life cycle design decision model 
was created to help manufacturers identify component level decisions to accommodate flexibility in the number 
of lifecycles according to different customer needs. The objectives of the model are environmental and 
economical impact of product at EOL phase. But the impact of product during leasing period was not modeled. 
Also the probabilistic factors such as product quality at the EOL phase or product failure rate during leasing 
period were not modeled. The model proposed by Sharma [23] described how leasing services for product with 
short life cycles, such as computers, can still be economical and environmentally beneficial. He developed a 
mixed integer linear program (MILP) to model relationships between transportation and disposal cost of product 
in leasing system. The model developed by Intlekofer et al. [24] considered energy consumption during leasing 
and EOL phase of a product and determined the optimum leasing period with respect to total energy 
consumption. But optimization of EOL options and number of leasing periods was not modeled. Also product 
was used for one lease period. In Table 2 the reviewed literature review on eco-leasing is summarized and 
compared. 

 
Table 2: Literature review on modeling sustainable services. 

Research out put Case study Modeling Tool Sustainability objectives publication 

Social Economical Ecological 

Sustainability 
indicators for  

sustainable services 

Home 
household 

Questionnaire 
method 

 
 

  Halme et al.  
(2006) 

Number of bike Bike Simulation Future 
research 

Future 
research 

 Watanabe et al. 
(2011) 

Leasing  period Baby pram Linear programming    Mont et al. 
(2006) 

Maintenance time/ 
service rule 

the office copy 
machine 

Simulation    Kuo (2011) 

EOL options/ 
Leasing  period 

computer Utility function Reliability 
indicator 

  Mangun and 
Thurston (2002) 

Leasing period/ 
EOL options 

computer Mixed integer linear 
programming 

   Sharma (2004) 

EOL options/ 
Leasing period 

computer Utility function Reliability 
indicator 

  Thurston and 
Torre (2007) 

EOL options/ 
Leasing period 

computer Utility function Reliability 
indicator 

  Zhao et al. 
(2010) 

Leasing period computer Linear programming    Intlekofer et al. 
(2010) 

 
 As we can see in the literature, leasing services as a means for achieving sustainability is a relatively new 
concept. The final goal of this paper will be to provide a model for sustainable leasing services and determining 
the number of leased products and leasing period with respect to environmental, economical and social impact 
of this process. However due to the fact that any product failure during consumption period has a very uncertain 
and probabilistic nature therefore the developed model should be able to accommodate all these uncertain 
conditions. 
Contribution and objectives of this paper are as follow: 

 We model the impacts of three objectives of sustainability, named: environmental, economical and social 
for leasing services. 

 For evaluation of each objective, indicators are determined and quantified by mathematical model. For 
quantifying social indicator, Analytical hierarchy process (AHP) has been utilized to calculate social impacts. 
Also life cycle analysis (LCA) has been applied to investigate the environmental impact of leasing process. 

 For demonstrating proposed problem, simulation modeling and optimization technique will be applied. Real 
situations of leasing operations such as product failure rate or repair and replacement probability functions can 
model due to flexibility of this tool. 

 At last, a case study for leasing computer notebooks in Iranian market will be applied and results will be 
discussed.  
 
Methodolgy for Modleing: 
 For demonstrating the proposed model, we apply a simulation modeling tool which is presented in Section 
3.1.  Then the mathematical formulation of sustainability objectives for incorporating into the simulation model 
is presented in section 3.2. 
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a) Developing simulation model: 

 In this study, a simulation model is constructed to determine the number of leased notebooks and also the 

leasing period length with respect to economical, environmental and social objectives. The main reason for 

applying simulation modeling for the proposed model is to consider uncertainties and the risks associated with 

leasing process. The uncertainties which are created with repair, replacement and reuse strategy are quite 

obvious. For instance, product failure, disposal rate at EOL phase and recyclable parts carries a great deal of 

uncertainties. Furthermore, uncertainties are also involved in consumer arrival for getting leased product. 

Methods to deal with uncertainties vary from the group decision making to the use of multi-attribute indices and 

statistical tools. Among various existing statistical tools, Monte Carlo simulation is the classic approach to 

handle uncertainties [25]. Hence simulation approach is selected for the proposed problem. In this research, 

simulation is carried out by using ARENA simulation software [26]. The model is developed based on the 

problem described above, and the uncertainties are defined using relevant probability distributions from past 

practical experiences for consumer arrival rate, product failure, recycling, repairing and disposal rate of product.  

The developed model in ARENA software is shown in Figure 2. 

 
Fig. 2: Simulation model for proposed problem. 

 

 As we can see in Figure 2, three sustainability criteria were calculated within leasing services and EOL 

phase. When consumer enter in system, receives lease product or wait for coming leased product. After leasing 

period, the product is taken back to the leasing company and then EOL decision is made and product is leased 

for new leasing period. 

 In next sub section, we describe mathematical formulation of each sustainability objectives which are 

incorporated in the simulation model. 

 

b)  Mathematical formulation: 

 At first, decision variables and parameters are listed and then the three objective functions are as follow. 

 

Input parameters: 

 Number of leased products during leasing period 

  Product useful life 

  Planning time 

 Customer average waiting time for receiving product 

 Customer arrival distribution function 

 Disposal rate of a product at each EOL phase 

 Recycling rate of a product at each EOL phase 

 Repairing rate of a product at each EOL phase 

 Price of a leased product per month 

 Price of a new product 

  Price of a remanufactured product 

  Failure rate of each leased product 
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 Number of repaired product during lease period 

 Number of replaced product during lease period 

  Number of products reached its EOL phase 

 Product EOL cost due to repair, recycling and disposing  

  Product repairing cost per month 

  Product replacing cost per month 

  Employee cost per month  

  Coefficient of employee which is needed for each product leasing process 

  Importance factor for each social indicator 

  Environmental impact of a Product disposal 

 Environmental impact of a Product repairing per month 

  Environmental impact of a Product recycling per month 

  

Variables: 

       Total number of leased product 

   Leasing period 

 

 In terms of the above notation, mathematically the objective functions can be written as follow: 

 

(1) Estimation of economical objective: 

 One of the leasing company objectives is maximizing total profit during the leasing period and product 

EOL phase. Total revenue for leasing services depends on the number of leased products, price of leased 

product per time unit and length of lease period (nl×pl×l) and revenue from selling products at the end of lease 

(pr×n). After each lease period, leasing company pays for EOL cost with respect to disposing, recycling and 

repairing rate (nEOL×CEOL×(rd+rc+rr)). Also human resources which are needed for operational leasing services 

depend on total number of products which is provided by the leasing company (n×λ×ch×Ts). Total maintenance 

cost during leasing period depends on the number of leased products, the leasing length, repairing and replacing 

cost (nl×l×crc+ nl×l×cre). According to proposed parameters and variables, economical objective, is written as 

Eq. (1): 

 

                                                                                                        (1) 

 

 According to Eq. (1), nl, is calculated through running simulation model and then used in economical 

objective function.  

 

(2) Estimation of environmental objective: 

  We consider the environmental impacts of leasing process during both leasing period and EOL phase. 

During leasing period, repair and replacement create environmental impact (nre×rr×Ere+ nrc×(rd×Ed+rc×Ec)). 

Also at the EOL phase of product, leasing company creates an environmental impact with respect to repair, 

recycling or disposing of leased product (nl×(rd×Ed+rc×Ec+rr×Er)). In terms of the above notations, 

mathematically the environmental objective function can be written as Eq. (2): 

 

                                                                                                       (2) 

 

 According to Eq. (2), nl, nrc and nr are calculated by running the simulation model and then is used in the 

environmental objective function.   

 In order to estimate the environmental impact of products, SimaPro software [27] was used in many 

researches. This software is based on lifecycle assessment (LCA) method and classifies environmental impact 

into eleven categories and provides environmental impacts in terms of millipoints (mPt). Data on the weight of 

each component was taken from the SimaPro database and then Eco-indicator score was calculated, by 

establishing an inventory of all emissions to air and water as well as the necessary resource extraction for 

product manufacture [28]. However calculation the exact effect of environmental impact is not the purpose of 

this paper and relative environmental impact is sufficient in our model, so the Mangun and Thurston [29] results 

is used for quantifying environmental impacts.  
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(3) Estimation of social objective: 

 Social responsibility (SR) is defined as “the continuing commitment by business to behave ethically and 

contribute to economic development while improving the quality of life of the workforce and their families as 

well as of the local community and society at large” [30]. Halme [17] have mentioned that the social indicators 

for services can be classified into six categories: Equity, Health, Safety and security, Comfort, Social contacts 

and empowerment information and awareness. Thurston and Delatorre [31] consider product reliability as one of 

the social sustainability objectives. 

 For incorporating social impact into the developed model, social indicators are selected with respect to the 

criteria which are determined by the panel of experts in computer industry in Iran. However, other social 

indicator simply can be added to developed model. Also the coefficient is quantified by these experts. These 

criteria are briefly described in Table 3.  

 
Table 3: Social issues. 

Description  Issues 

It means duration of lease period effect on consumer upset such as handling and waiting for repairing 
product. Therefore consumer comfort is related to product reliability. If product reliability is increased 

number of product failure and all mentioned consumer upset is decreased (Thurston and Torre; 2007).  

 Consumer comfort 

Total number of notebooks being leased creates different number of job opportunities in leasing company.  Employment 

It depends on product availability when consumer requests a product.    Consumer 

satisfaction level 

 

 Each indicator in Table 3 has its own unit. Also these indicators should be merged to create the total social 

objective. Therefore, for computing the total social objective, the AHP model was applied [32]. Through 

applying AHP approach, the problem sets as a hierarchy, where the topmost node is the overall social indicator, 

while subsequent nodes at lower levels consist of the criteria which are used for building overall social 

indicator. The developed AHP is shown in Figure 3. 

 

 
Fig. 3: Hierarchy of decision making for social impact of given number of leased product and lease length. 

 

 The important factors for overall social indicator are the number of leasing product and the leasing length. 

So, different number of products and leasing length can have different social impacts. The final normalized 

weight for different proposed variables can be included in mathematical representation of social objective 

function. The mathematical formulation of social objective is presented in Eq. (3).  

 

)(Tw n)(λ  wewZMax W

(l/θ b

 

32

)

13 )(         (3) 

    

 The first part of Eq. (3) is related to consumer comfort. As mentioned before, this part is modeled through 

reliability of leased product. The reliability is defined as the probability that a product will not fail within its 

leasing period. Therefore we apply Eq. (4) for modeling product reliability [33]. 

 

                                             (4) 

 

 Where Rp(l) is product reliability which is leased for life of l. θ is characteristic life of product and b is slope 

of the Weibull distribution. These two last parameters are defined by analyzing historical data from leased 

product. 

 The second part of Eq. (4) models the number of employment which is needed to handle leasing process. 

The last of Eq. (4) part formulate consumer satisfaction factor by customer average waiting time for receiving 

product. Also wi is the importance factor of indicators. The final normalized weight of these social indicators 
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Consumer comfort 
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Leasing 
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included in mathematical formulation of social objective function. A broader discussion of social impact is 

given in the numerical example. 

 

Numerical Example: 

 In recent years sales of notebooks have increased drastically in Iran and well over 500,000 notebooks are 

sold per year [34]. Also environmental impacts of computers are more serious than other electrical products and 

could pose severe impacts on human health and the eco-system when they are not well managed during 

consumption and EOL phase [35].  

 Therefore in this study we consider a leasing company which leases notebooks. Data for analysis have been 

provided by the field engineers of the service centers that carry out repairs, replacement and upgrading of the 

notebook during leasing and product EOL phase. Probability function of consumer arrival and product failures 

is fitted by input analyzer software [26]. The data on the failure rates of parts have been provided by Iranrahjoo 

company service centers which is the official service provider of Sony notebooks in Iran market [36]. Table 4 

shows input parameters for the proposed model.  

 
Table 4: Summarized input parameters. 

Input parameter Value Input parameter Value 

Pl $ 30 CEOL $ 50 

pn $ 950 cre $ 2 

pr $ 500 crc $ 4 

Fr Triangular (.06,0.1,0.18) ch $ 500 

rd 0.1 Fr  0.02 

rc 0.1 Fr Ed 1027 

rr 0.6 Fr Ec 654 

b 1 Er 231 

Ar Expo(0.08) month θ 0.63 

 

 Also comparison of the relative importance of social criteria is presented in Table 5. As mentioned before, 

importance of social criteria quantified by the panel of experts in the field of leasing notebooks in Iran.  

 
Table 5: Comparisons of the relative importance of social criteria. 

 Consumer 
comfort 

Employment Consumer satisfaction level 

Consumer comfort 1 2 3 

Employment 0.25 1 2 

Consumer satisfaction level 0.33 0.5 1 

Total weight 0.53 0.29 0.16 

 

 The model was simulated for 5 years. During this five years, leasing company decide on number of leased 

product and leasing length with respect to environmental, economical and social objectives.  

 The number of simulation replication is calculated by Kuo [18]. This formula is shown in Eq. (5). 

2

1, / 2* '
( ) /

( ) min :
( )

it s n i
n i n

X n



  
 
   
 
 

                        (5) 

 According to this formula, for calculating number of simulation replication (n*γ (γ)), the model runs for 

number of test run (n). Then mean ( ( )X n ) and variance ( 2 ( )s n ) of the customer average waiting time for test 

runs were substituted in the above equation to calculate the number of simulation runs. For applying this 

formula, the developed simulation model run for fifteen times (n=15). Other parameters are defined as follow: 

 

1, / 2*
0.00071/

(0.05) min 15 : 0.05
0.02

it i
n i






 

   
 
 

                                 (6) 

According to Eq. (6), Number of replication (i) should be 15 for achieving 5% error (γ = 0.05).  

 

RESULTS AND DISCUSSION 

 

 According to the developed model, nine scenarios are suggested. The model is solved for 600, 700 and 

1000 notebooks with varying leasing length from 1 to 3 years. Results are summarized in Table 6. 

 As we can see in Table 6, the economical and social objective is increased by means of increasing number 

of products or leased length. Also the negative environmental impact is increased. The leasing company can 

arrange the number of notebooks and leasing period according to this evaluation result. For more analysis, 

leasing company can compare results with respect to each objective function by applying AHP model [32]. 
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These comparisons are made between each indicator with respect to the top node (Figure 4).  For example, The 

AHP model constructed for the 600, 700 and 1000 leased notebooks with fixed 1 year leasing period. 
 

Table 6: Summarized results for the proposed model. 

Number of notebooks Leasing length 

(month) 

Sustainability criteria 

Environmental 

(mPt) 

Economical 

($) 

Social 

(× 1000) 

600 12 12,970 68,747 239 

 24 24,643 124,432 149 

 36 32,425 151,243 96 

700 12 15,879 120,461 294 

 24 30,170 218,034 184 

 36 39,698 265,014 118 

1000 12 22,951 186,465 455 

 24 43,607 337,502 285 

 36 57,378 410,223 182 

 

 
Fig. 4: Hierarchy of decision making for sustainable services through leasing process. 

 

 According to Figure 4, for calculating the sustainable services, the weight of each criteria is assumed to be 

same (environmental= economical= social= 33.33%). The pair-wise comparisons with respect to each objective 

are calculated in Table 7. 

 
Table 7: The pair-wise comparisons of each objective.    
 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5 shows the final results of each objective for the 600, 700 and 1000 leased notebooks with fixed 1 

year leasing period. 

 According to Figure 5, by comparing various given decisions, if all objective has same weight factor, then 

the decision with 1000 notebooks seems more sustainable than other decisions. But this decision has less 

environmental friendly impact than decisions with 600 or 700 notebooks. Same as this analysis, Fig 6 shows the 

comparison of nine scenarios with respect to environmental, economical and social objectives. These analyses 

perform with equal weights for objectives (ie: environmental weight= economical weight = social weight = 

33.33%). 

 According to Figure 6 and Table 6, the social and economical objectives are increased by means of 

increasing the number of notebooks in the same leasing period. But the impact of environmental objective is 

decreased as the environmental impact has increased due to increase in number of notebooks. Also the social 

objective has more impact than economical and environmental objectives by means of increasing the number of 
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notebooks. For example with 1000 notebooks and 12 month leasing, social objective has more impact than 

economical and environmental due to increasing customer satisfaction and increased number of employment.   
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Fig. 5: Comparing sustainability of each decision for leasing services. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Comparing service sustainability for nine scenarios. 

 

 For determining the optimal solution of the proposed problem, simulation-based optimization method was 

applied through OptQuest software [37]. This software combines the meta-heuristics of Tabu Search, Neural 

networks and Scatter Search algorithm into simulation model and optimizes the combination of simulation and 

mathematical model. Figure 7 shows the main parts of the developed simulation optimization model. 

 With this technique, the leasing period and the number of leased notebooks is optimized without evaluating 

all possible setting of variables. Variables (the leasing period and number of leased notebooks) are changed after 

any replication of the model with respect to total objective function. The weight of each criteria is 

environmental= economical= social= 33.33%. The model runs for 700 replications. Results are shown in Figure 

8. 

 According to Figure 8, optimized results of the proposed model with different weight of each objective are 

depicted in Table 8. 

 With applying the developed model, decision makers can analyze the impacts of number of leased products 

and leasing length on sustainability objective. With respect to leasing company preferences and importance of 

each objective, optimal solution can be determined. For example, if environmental impact is more important 

than other objectives, so the optimal leasing length and the number of leased product are 26 month and 921 

notebooks, respectively. 
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Fig. 7: The main parts of the developed leasing model. 
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Fig. 8: Optimal solution for developed model. 

 
Table 8: Optimal results for the proposed model. 

weight of each criteria  Optimized solution  Optimized criteria 

Ecological Economical Social  Lease 

length 

(month) 

Number of 

Notebooks 

 

 

environmental 

(mPt) 

Economical 

($) 

 Social 

(× 1000) 

0.2 0.2 0.6  15 832  14,810 68,747  231 

0.3 0.3 0.4  17 671  23,641 124,432  354 

0.4 0.2 0.4  22 761  31,226 151,243  421 

0.2 0.6 0.2  26 921  17,139 120,461  371 

 

Conclusions and Future Research Directions: 

 In this paper, we dealt with Enhancing sustainable product- service system through leasing process. 

Regarding multi-dimensional concept of sustainability, we considered all sustainability objectives named: 

environmental, social and economical.  

 It is important to solve such problems, as in many developing and consumable countries, such as Iran, 

because of governmental structure of many organizations; they prefer to lease rather than buy the notebook 

computers. Therefore, if leasing systems are provided for these organizations, they can decide on best 

economical and environmental and social impact of their decisions. So the developed model which is 

considering all sustainability objectives is becoming very important for leasing companies. 

 Our model will enable these companies to select the best leasing period and number of leased product based 

on sustainability objectives. For solving the developed model, a simulation modeling was applied for the 

 

The developed model 

Simulation optimization model for sustainable services 

 

 

  
The developed simulation model 

 

Mathematical objectives and constraints 

 

Objective 1: To maximize the total profit during leasing and product EOL phase 

 

 

Objective 2: To minimize the total Environmental impacts during leasing and product EOL phase 

 

Objective 3: To maximize the total Social impacts during leasing and product EOL phase 

 



1114                                                 Sajjad Shokohyar and Saeed Mnasour, 2014 

Advances in Environmental Biology, 8(17) September 2014, Pages: 1103-1115 

problem. Also for optimizing the proposed model, a simulation optimization technique was applied and results 

were analyzed. The proposed model was examined through an example by using industrial data in Iran.   

 Some of the future research directions that can be derived from the work presented here are as follow: 

1.  Regarding to sustainability concept, in the proposed model, social impacts of each decision is quantified. 

Also other social issues such as security and consumer awareness can be incorporated in to the future model.  

2. In this paper, sustainable-leasing was modeled and advantage of this was illustrated by simulation modeling. 

In recent years comparison of leasing versus selling for achieving sustainable development is growing [38]. But 

comparing leasing and selling model in uncertain environment is an unexplored area and is suggested for future 

researches. 

3. Simulation optimization was developed for modeling the proposed problem. Also game theory model can be 

applied for modeling both consumer and leasing company preferences as players in leasing problem. 

 

REFERENCES 

 

[1] Giljum, S., C. Lutz, A. Jungnitz, M. Bruckner, F. Hinterberger, 2008. Global dimensions of European 

natural resource use. First results from the Global Resource Accounting Model (GRAM), Sustainable 

Europe Research Institute, Vienna. 

[2] Bringezu, S., H. Schütz, W. Pengue, M. O´Brien, F. Garcia, R. Sims, R. Howarth, L. Kauppi, M. Swilling, 

and J. Herrick, 2014. Assessing Global Land Use: Balancing Consumption with Sustainable Supply. A 

Report of the Working Group on Land and Soils of the International Resource Panel., UNEP, 

[3] Brundtland, G.H., 1987. Report of the World Commission on environment and development:", our 

common future.” United Nations. 

[4] Quirke, B., 1996. “Leasing the environment”, Sustainable Development, 4: 98-102.  

[5] Stahel, W.R., 1997. The function economy: cultural and organizational change. In: Richards DJ (ed) The 

industrial green game, implications for environmental design and management. National Academy Press, 

Washington. 

[6] Shokohyar, S., S. Mansour, B. Karimi, 2013. Simulation-based optimization of ecological leasing: a step 

toward extended producer responsibility (EPR). The International Journal of Advanced Manufacturing 

Technology, 66(1-4): 159-169. 

[7] Mont, O.K., 2002. Clarifying the Concept of Product-Service System. Journal of  Cleaner Production, 10: 

237-245. 

[8] Fishbein, B.K., L.S. McGarry, P.S. Dillon, 2000. Leasing: A Step Toward Producer Responsibility. 

INFORM: New York. 

[9] Kang, M.J., R. Wimmer, 2008. In Proceedings of the EU-Korea Conference on Science and Technology,  

Springer Proceedings in Physics, 124: 191-199. 

[10] Watanabe, K., S. Mikoshiba, T. Tateyama, Y. Shimomura, 2011. Service process simulation for integrated 

service evaluation. Journal of  Intelligent Manufacturing, 1-10. 

[11] Maxwell, D., R. vanderVorst, 2003. Developing sustainable products and services. Journal of Cleaner 

Production, 11: 883-895. 

[12] Tukker, A., U. Tischner, 2006. Product-services as a research field: past, present and future Reflections 

from a decade of research. Journal of Cleaner Production, 14: 1552-1556. 

[13] Rental Computer [Online] Available: http://www.rentacomputer.com/rentals/Industry-Sectors. 

[14] Robert, K.H., B. Schimdt Bleek, J.A. deLarderel, G. Basile, J.L. Jansen, R. Kuehr, 2002. Strategic 

sustainable development- selection, design and synergies of applied tools. Journal of Cleaner Production, 

10: 197-214. 

[15] Aras, N., R. Güllü, S. Yürülmez, 2011. Optimal Inventory and Pricing Policies for Remanufacturable 

Leased Products. International Journal of Production Economic, 133(1): 262-271. 

[16] Erkoyuncu, J.A., R. Roy, E. Shehab, K. Cheruvu, 2011. Understanding service uncertainties in industrial 

product–service system cost estimation. International Journal of Advance Manufacturing Technology, 52: 

1223-1238. 

[17] Halme, M., M. Anttonen, G. Hrauda, J. Kortman, 2006. Sustainability evaluation of European household 

services. J Clean Prod., 14: 1529-1540. 

[18] Kuo, T.C.,  2011. Simulation of purchase or rental decision-making based on product service system. Int J 

Adv Manuf Technol., 52: 1239-1249. 

[19] Mont, O., C. Dalhammar, N. Jacobsson, 2006. A new business model for baby prams based on leasing and 

product remanufacturing. J Clean Prod., 14(17): 1509-1518.  

[20] Mangun, D.C., 2002. Thurston D.L, Incorporating component reuse, remanufacture, and recycle into 

product portfolio design. IEEE T Eng Manage, 49: 479-490.  

[21] Thurston, D.L., J.P. Delatorre, 2007. Leasing and extended producer responsibility for personal computer 

component reuse. Int J Environ Pollut, 29: 104-126. 

http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236022%232006%23999859982%23627520%23FLA%23&_cdi=6022&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=7789eecdcac0e6837a6dae8140780ce9


1115                                                 Sajjad Shokohyar and Saeed Mnasour, 2014 

Advances in Environmental Biology, 8(17) September 2014, Pages: 1103-1115 

[22] Zhao, Y., V. Pandey, H. Kim, D. Thurston, 2010. Varying Lifecycle Lengths Within a Product Take-Back 

Portfolio. J Mech Design, 132: 1-10. 

[23] Sharma, M., 2004. Reverse logistics and environmental considerations in equipment leasing and asset 

management, Dissertation, Georgia Institute of Technology. 

[24] Intlekofer, K., B. Bras, M. Ferguson, 2010. Energy Implications of Product Leasing. Environ Sci Technol., 

44: 4409-4415. 

[25] Anityasari, M., H. Bao, H. Kaebernick, 2005. Evaluation of Product Reusability based on a Technical and 

Economic Model: A Case Study of Televisions, ISEE '05 Proceedings of the International Symposium on 

Electronics and the Environment. 

[26] Rockwell Automation Technologies, Inc.,  http://www. Arenasimulation.com. Accessed 1 October 2011. 

[27] Simapro, Software for environmental assessment. www.pre.nl/simapro. Accessed 1 October 2011. 

[28] Lu, L.T., I.K. Wernick, T.Y. Hsiao, Y.H. Yu, Y.M. Yang, H.W. Ma, 2006. Balancing the life cycle 

impacts of notebook computers: Taiwan's experience. Resour Conserv Recy, 48: 13-25. 

[29] Mangun, D.C., D.L. Thurston, 2002. Incorporating component reuse, remanufacture, and recycle into 

product portfolio design. IEEE T Eng Manage, 49: 479-490.  

[30] WBCSD, Corporate social responsibility. Geneva., 1999, World Business Council for Sustainable 

Development. 

[31] Thurston, D.L., J.P. Delatorre, 2007. Leasing and extended producer responsibility for personal computer 

component reuse. Int J Environ Pollut, 29: 104-126. 

[32] Saaty, T.L., 1980. The analytical hierarchy process, planning, priority setting, resource allocation, New 

York: McGraw-Hill. 

[33] O’Connor, P., 1985. Practical Reliability Engineering. John Wiley & Sons, Chichester, England.  

[34] Itiran, 2011. Iran information technology data. http://www.itiran.com/?type=article&id=13822. Accessed 

1 October 2011. 

[35] Duan, H., M. Eugster, R. Hischier, M. Streicher-Porte, J. Li, 2009. Life cycle assessment study of a 

Chinese desktop personal computer. Sci of the total Environ., 407: 1755- 1764.  

[36] Iranrahjoo, 2011. Warranty provider for Sony notebook. http://www.iranrahjoo.com.  Accessed 1 October 

2011. 

[37] Kleijnen, J.P.C., J. Wan, 2007. Optimization of simulated systems: OptQuest and alternatives. Simul 

Model Pract and Theory, 15: 354-362. 

[38] Agrawal, V., M. Ferguson, V. Thomas, 2009. Is Leasing Greener than Selling?. Dissertation, Georgia 

Institute of Technology College of Management.  

http://www.arenasimulation.com/
http://www.pre.nl/simapro.%20Accessed%2025%20June%202011
http://www.itiran.com/?type=article&id=13822
http://www.iranrahjoo.com/

