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Abstract: Inventory management researchers and practitioners currently face new challenges in integrating issues of 
sustainability with their traditional areas of interest. During the last decade, there has been growing pressure on 
companies to pay more attention to the environmental and social impact of operation management decisions, hence 
the notion of “triple bottom line” (3BL), which involves the relationship among profit, people, and the planet , has 
been created. This paper aims to provide the integration of economic issues, environmental impact and safety of the 
workers involved in inventory related tasks. A “Sustainable Inventory Management Framework”, identifying the 
associated sub-problems, the decision variables and the sources of sustainable achievement, is thus developed. 
Inventory Management decisions are divided into two main areas: the “in-house” issues and “in-bound” issues. In-
house activities consist in loading/unloading and stocking/picking operations that are performed by stockers within 
the plant. The manual material handling tasks performed by the stokers without any appropriate regulation may be 
source of work-related musculoskeletal disorders. In Operations Management literature, social aspects have just been 
progressively introduced into lot-sizing theory over the last three years in order to address the increasing request of 
"sustainability”. Anyway, the social impact of lot sizing policies has never been thoroughly investigated and it is often 
discussed only via a descriptive approach. In-bound activities instead involve operations that are significant in terms 
of environmental sustainability, such as material transportation, stock holding and waste management. In the light of 
these considerations, social and environmental impact of lot-sizing procedures are considered in this work 
respectively in terms of Ergonomics  and CO2 Emission, along with traditional logistical costs with a multi-objective 
approach. A case study based on a real industrial instance is presented. Finally, a brief discussion on the suitability of 
providing monetary incentives to stimulate environmental responsible lot-sizing policies is explored. 

Keywords: Inventory management, Sustainable Lot sizing, Environmental and Social responsibility

1. Introduction and literature review  

During the last decade, societies have realized the 
importance of considering environmental and social aspects 
nearby the traditional economic and financial goals. This is 
undoubtedly because the primary aims of economic 
development are to create and maintain the best conditions 
to increase the quality of life of people, and these objectives 
can’ t disregard environmental and human health safeguard. 
New terms have been introduced in today research 
activities, such as sustainable development (SD), green 
supply chain and ergonomics. The notion of “triple bottom 
line” (3BL) accounting has become increasingly important 
in industrial management over the last few years (Norman 
and MacDonald, 2004). The main idea behind the 3BL 
paradigm is that a company’s ultimate success shouldn’t be 
measured only by the traditional financial results, but also 
by its ethical and environmental performances. Social and 
environmental responsibility is essential because a healthy 
society can’t be achieved and maintained if the population is 
in poor health. The consumers are demanding more detailed 
information about the processes used by their suppliers and 
they are increasingly looking for products that are recycled, 
recyclable and non-damaging to the environment and 
human health. A safer workplace can improve workers’ 
health and motivation, reduce absenteeism and staff 
turnover (Branco and Rodrigues, 2006). Moreover, such an 
environment can encourage the acquisition of highly skilled 
workers. The increasing interest about SD spurs companies 
to treat inventory management decisions as a whole by 

integrating economic, environmental, and social goals 
(Bouchery et al., 2012). Andriolo et al. (2014) highlighted 
this growing interest in sustainability issues in the scientific 
literature concerning the lot-sizing problem. Inventory 
management and lot-sizing decisions have a substantial 
impact on environmental pollution and workers’ health, 
since logistical decisions such as the locations of stores, 
inventory planning, and packaging have many effects, in 
particular related to the use of resources and CO2 emission. 
The location of stores affects transport costs and emission, 
while poor inventory management can create waste and 
landfills (Bonney and Jaber, 2011). Moreover, packaging 
choices have a significant influence on waste and workers’ 
health, considering that in one working shift a stocker may 
perform a large number of handling operations with a 
relevant amount of total handled weight. Handling work 
intensification and task repetitions may increase risks of 
work-related musculoskeletal disorders (WMSDs). Barcos et 
al., (2013) showed that achieving sustainable targets is a 
strategic investment, as they help a firm to establish a strong 
reputation, differentiate the product from those of 
competitors, and reduce raw materials and waste disposal. 
After the first economic order quantity (EOQ) model 
(Harris, 1913), literature on lot sizing has been enriched by 
thousands of contributions in an attempt to better address 
the new needs that emerged in the industrial environment 
along the century (Andriolo et al. 2014) . Despite this vast 
amount of literature, most of the work is concerned with 
the total cost function definition by an economical point of 
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view using a direct costing method. In the last four years 
many researchers have developed  inventory models that are 
able to include environmental aspects from the beginning of 
the analysis. Benjaafar et al. (2010) incorporated carbon 
emission constraints on single and multi-stage lot-sizing 
models with a cost minimization objective, considering four 
different policies based on a strict carbon cap, a tax on the 
amount of emissions, the cap-and-trade system, and the 
possibility to invest in carbon offsets to mitigate carbon 
caps, respectively.  Hua et al. (2011) extended the EOQ 
model, taking carbon emissions into account under the cap 
and trade system. Bonney and Jaber (2011) discussed a 
range of inventory problems that have not been considered 
appropriately in traditional inventory models, such as the 
effects of packaging choices, and waste on the environment. 
In the last part of their paper, they formulated a model 
called “Enviro-EOQ” that considers environmental costs of 
vehicle emissions and provides a closed-form solution for 
the optimal value of the lot size. Wahab et al. (2011) 
provided a model for a two-level supply chain that 
determines the optimal production-shipment policy for 
items with imperfect quality and incorporates environmental 
impact by taking into account the fixed and variable carbon 
emission costs. Battini et al. (2014) provided a “sustainable 
EOQ model” that incorporates and investigates, according 
to an economic point of view, the environmental impact of 
transportation and inventory. In particular, transportation 
costs, vendor and supplier location, and freight vehicle 
utilization ratios are considered providing an easy-to-use 
methodology. In literature, social aspects are rarely included 
in inventory models. In the last four years, only two works 
have incorporated social sustainability into lot-sizing 
models. Arslan and Turkay (2010) revised the standard 
EOQ model to incorporate environmental and social 
sustainability considerations considering the working hours 
of the employees as a social metric according to the 
International Labour Organization. This is probably the first 
attempt in the direction of social sustainability. Bouchery et 
al. (2012) reformulated the classical EOQ model as a multi-
objective problem including environmental and social 
sustainability. They considered a structure similar to the 
classical EOQ formula to quantify environmental and social 
impacts but they did not suggest any possible to describe 
the social impact. Finally, they use an interactive procedure 
that allows the decision maker to identify the best option 
among the set of efficient solutions, (Pareto, 1964; Pareto, 
1971). Notice that, even if environmental impacts linked to 
goods transportation and warehousing has been 
quantitatively investigated by the use of formulae, the social 
impact of different inventory management decisions has not 
been fully explored, even less via a quantitative approach. 
This paper aims to overcome the lack of literature related to 
quantitative methods for the assessment of social impact in 
lot-sizing decisions and provide a procedure that is capable 
of considering all the three aspects of the 3BL paradigm, 
right from the beginning of the analysis. 
 

2. New methodological framework 

As reported above, the increasing concern on socio-
environmental problems forces worldwide companies  to 
treat inventory management decisions as a whole by 
integrating economic, environmental and social objectives. 

Thus, it’s always more necessary to work towards a 
Responsible Inventory Management, both in theory and in 
practice (Andriolo et. al MIM 2013). Environmental and 
Social impacts of inventory and purchasing decisions are 
difficult to quantify with traditional economical approaches, 
therefore many authors tried to overcome this difficulty 
using a direct accounting approach. Figure 1 illustrates the 
new methodological framework here proposed to assess the 
sustainable lot sizing design, according to the 3BL paradigm 
and identifies the main decision variables involved. The 
procedure here proposed splits the Lot Sizing decisions  
into two areas: the former faces to the lot sizing issues 
linked with the material handling inside the plant; the latter, 
focuses on the Lot Sizing problem concerning the 
purchasing of in-bound materials coming from external 
suppliers and involving external transportations. 

 

Figure 1: Sustainable Lot Sizing framework for incoming 
materials. 

1) IN-HOUSE LOGISTICS DECISION: In this kind of 
decisions, product features such as weight, volume and 
packaging characteristics play an important role, since they 
strongly affect manual material handling efficiency and 
safety. Firstly, it is necessary to design the most sustainable 
packaging unit to move on inside the plant. In this case, 
social criteria directly linked with manual material handling 
need to be assessed by applying specific approaches not 
always based on a mathematical computations of 
quantitative variables. In this context, new research efforts 
are required for linking ergonomics aspects with lot sizing 
decisions, both in production and in purchasing. Indeed, 
Ergonomics aspects are related to the material 
handling/lifting activities usually performed by humans in 
many production systems. Risk factors related to the 
development of WMSDs and impacts on productivity and 
quality of service offered to customers, in the form of time 
wasted and stock losses, should be considered in this stage. 
With relation to the product and casing characteristics, it is 
necessary to observe that high values of weight handled 
determines great exertions and therefore ergonomic risk. 
On the other hand, small Stock Keeping Units reduce the 
load weight to be handled but it increases the number of 
handling operations needed. An analysis of the trade-off 
aforementioned is thus required. in this stage, The most 

important variable is the number of items per SKU  . 

2) IN-BOUND LOGISTICS DECISION: Once 

determined the most sustainable packaging unit   , the 
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second step consists in the determination of the optimal 

number of SKUs  , that determines the Lot size. This 
procedure leads to the determination of the best 
compromise between economical performances and 
environmental pollution. Many studies assessed the 
environmental impact of lot sizing decisions by quantifying 
the amount of CO2 put into the atmosphere caused by 
deliveries, warehousing, waste disposal/recycling. In this 
context, of course the impact of transportation activities has 
a significant influence both on economic performances, and 
on the environmental impact.  

3. Modeling of in-house and in-bound decisions 

The framework here proposed involves the development of 
four different objective functions. Since in most cases 
different functions yield different optimal solutions, thus in 
industrial environment the cost tradeoffs are often different 
from the ergonomic/emission tradeoffs. The limits of a 
direct accounting method, when externalities need to be 
quantified, are actually becoming evident in the recent 
literature (Battini et al, 2014), pushing future researches to 
find the best way to couple the total cost function 
quantification with the emission function analysis according 
to a multi-objective optimization approach. As explained by 
the framework in Fig.1, the Lot sizing problem with 
sustainability considerations is a typical example of multi-
objective optimization (MO) problem (Pareto 1964, 1971), a 
technique specially created for supporting decision making 
in case of tradeoffs between conflicting objectives. These 
tradeoffs occur when improvement of one objective comes 
at the expense of another objective. It is easy to understand, 
for example, that while the packaging cost arises when the 
item quantity contained in a single Stock Keeping Unit 
decreases, the ergonomic level of the manual handling 
activity is improved (Andriolo et. al ICPR 2013). A Pareto 
point is defined as a solution where no feasible solutions 
exist that yield a better objective while keeping the other 
objective fixed. On the contrary, a non-Pareto solution 
implies that it is possible to find a better solution without 
entailing a tradeoff. The set of all Pareto points in this 
system forms the Pareto Set or Pareto Frontier. This class 
of solutions is central to multi-objective optimization. 
Hence, the solution that achieves the optimal balance 
between tradeoffs can be searched in a limited space (Pareto 
frontier) without considering the full range of all possible 
parameters. In order to solve the multi-objective problems 
under consideration, we serves the following two concepts: 
indifference band (Passy and Levanon, 1984) and utility 

function   (Miettinen, 1999). An indifferent band is the area 
on the Cartesian coordinate plane where the feasible 
solutions are all equally desirable to the decision maker. 
Between any two solutions in the indifference curve there is 
a trade-off, so that a decrement in the value of one objective 

function    inevitably determines an increment in the other 

objective function   . An utility function  , is used in 

economics, in order to expresses the decision maker’s 
satisfaction for a solution. In the multi-objective field, an 
individual utility function is derived for each objective. 
There is a certain increment in one objective function that a 
decision maker is willing to accept for a certain 
improvement of the other objective. This is called the 

Marginal Rate of Substitution (Miettinen, 1999). The 

Marginal Rate of Substitution     Eq. (1), also called the 

indifference trade-off, is the negative of the slope of the 
tangent to the indifferent curve at a certain point, so it 
provides a local linear approximation of the curve itself: 

   ( )  
  ( ( ))

   
 

  ( ( ))

   
   (1) 

One of the objective functions, usually the most significant 
and familiar to the decision maker,  is selected as a reference 

function   , and both the trade-offs and the marginal rates 
of substitution are generated with respect to it.  

3.1 In-house logistic decisions 

The first two objective functions aim to model Economical 
and Social impacts of In-House logistics decisions, which 
involve all of the decisions that have direct consequence on 
the activities carried out within the plant. From an 

economical perspective, the number of items   per SKU 
directly impacts the total logistical costs. Two cost items are 
a direct function of the number of items per SKU: the 
annual packaging cost   ( ) and the annual handling cost 

     ( )   Eq. (2) models the total “in-house” cost 
       ( ) to be borne by the company every year: 

  ( )         ( )    ( )       ( )   (2) 
 

Traditionally, packaging design has been considered less 
important than product and production systems design. 
However, its impact on logistical costs and performances is 
very relevant and its strategic role inside the supply chain is 
nowadays acknowledged (Azzi et al., 2012). In this paper, 
we focus only on the unit pack containing the items and we 
overlook secondary packaging and shipping packaging, 
which have a limited impact on MMH activities. It is a 
common assumption in the literature, that once the 
packaging material is fixed, part of the cost of a single 
packaging unit is proportional to its inner volume (Làszlo, 
1990; Stern, 1981) because it influences the amount of 
material necessary for the construction of the packaging 
unit itself. Nevertheless, some handling operations such as 
filling, closing and palletizing, and/or warehousing are 
conducted on the SKUs regardless of their size. Starting 
from this assumption, we try to describe the cost of a single 
packaging unit in relation to the number of items contained, 
which is directly proportional to the inner volume of the 
packaging itself. We modeled the total annual packaging 

cost   ( ) using Eq. (3): 

  ( )  
 

 
             (3) 

 

Where D is the annual demand for the items considered,   

is the number of items per SKU,     is the unit fixed cost of 

packaging, and     is the unit variable cost of packaging per 

item. Notice that Eq. (3) contains a variable part with the 
number of items per SKU and a fixed part that is not 

affected by the value of  . The cost of MMH activities in 
inventory operations varies depending on the need of 
auxiliary equipment, such as trolleys or jib cranes. We 
assume that the load is keep sufficiently low, than the 
operations can be performed manually. The annual total 
handling cost is assessed by Eq. (4): 
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where      ( ) is the total annual MMH cost,   is the 

number of SKUs per lot,     is the labour cost per hour,    

is the handling operation time per lot,    is the handling 
operation time per SKU. Eq. (2), becomes: 

  ( )         ( )  
 

 
           

 

 
         (5) 

Ergonomic risk is here addressed using the Lifting index LI 
developed by the NIOSH (NIOSH, 1981).  The LI gives an 
ergonomic evaluation of an handling/lifting activities, 
through the calculation of the ratio between the load 
actually lifted and the Recommended Weight Limit RWL.  

Considering    the unit weight of the items stored in the 
SKUs,    ( ) is expressed by Eq.(6):  

  ( )    ( )  
                     

                        
 

      

   
   (6)  

Where RWL is computed with Eq.(7), in which LC is the 
load constant, that assumes different values in relation to 
gender and age of the worker, whereas multipliers values are 
determined with the suggested equations or tables. HM is 
the horizontal multiplier, VM is the vertical multiplier, DM 
is the distance multiplier, AM is the asymmetric multiplier, 
FM is the frequency multiplier, and CM is the coupling 
multiplier.  

                                     (7) 

It is found that if LI ≤1, the task can be performed without 
any problem; if 1< LI ≤3, the task could produce some 
disorder; otherwise the task is hazardous, therefore full 
redesign of the operation is needed. The decision making 
process is now carried out using the Marginal Rate of 
Substitution concept. We suggest to consider the total cost 
of in-house decisions        ( ) as the reference function. 
Eq. (1) becomes: 

   ( )  
       ( )

   ( )
   (8) 

The decision making process can be performed by 
generating the entire range of efficient solutions and 
calculating for each of them the marginal rate of 

substitution    ( ). Then, fixing a limiting value of    , 

which is proportional to the social  responsibility of the 
company, the most sustainable solution for the decision 
maker is obtained. Since in our knowledge in literature there 
aren’t any references to this application, we define this limit 
value “social responsibility index”. This index can be seen as the 
maximum expense that the decision maker is willing to bear 
in order to reduce the LI of a certain amount. If the 
company is very health conscious, it is willing to accept a 
significant increment in the logistical costs in order to 
improve ergonomics in the workplace. In this case, the 
social responsibility index will be high. On the other hand, if 
the company is not health conscious, it is not willing to 
accept additional costs and its social responsibility index will 
be low.  After the decision maker have defined the social 
responsibility index, through the calculation of the marginal 
rate of substitution    ( )  for all the point of the frontier, 

we obtain the point that represents the greatest ergonomic 
improvement obtainable, while respecting this expense limit 
(Fig. 2). This point represents the most sustainable 

packaging unit and then the optimal number of items per 

SKU    is defined. 

3.2 In-bound logistic decisions 

According to our framework, In-bound aspects involve 
economic and environmental trade-offs of lot sizing in 
material purchasing (Battini et al, 2014). The process of 
delivering and storing a lot of purchased materials consume 
an amount of energy for the transportation and warehouse 
operations and produce a cost        ( )  besides an amount 
of polluting emissions  ( ) that will be both considered in 
the following analytical model. Without loss of generality, 
we consider a multimodal transportation, that may involve 
the use of ships, trains or trucks. Different transportation 
modality are marked with the index j. The most important 
decision variable in In-bound environment is the number of 

SKUs   to purchase per order.        ( ) considers the 
following cost items: purchasing cost   ( ), order emission 

cost   ( ), stock holding cost   ( ), obsolescence cost 
    ( ) and transportation cost   ( ).  Therefore   ( ) that 
quantifies the average annual cost of replenishment is 
expressed as follows:  

  ( )         ( )     ( )    ( )    ( )      ( )    ( )  (9) 

In particular, holding cost now considers both the 
traditional holding cost of carrying inventory in the 
warehouse and the cost associated to hold inventory during 
the transportation activity that is not as function of the lot 
size, as expressed by Axsäter and Grubbström (1979). 
Obsolescence risk is modeled using the obsolescence annual 

risk rate   (Battini et al, 2014). The inventory stored in the 
warehouse present a risk of obsolescence at the end of the 
year, and it is supposed that obsolete items are sold by the 
buyer to a specific waste treatment company for disposal at 

the unitary scrap price   , lower than  . Due to the 
relevance of transportation cost on the optimization of the 
order quantity (Zhao et al, 2004; Birbil et al., 2009), its 
formulation includes both fixed and variable costs and it 

presents Discontinuity Points     when the vehicle 
capacity is saturated. Thus, we express the transportation 
costs with the sum of a fixed portion (expressed in €/km 
since it is function of the travelled distance) and a variable 
portion, which depends on the quantity transported and on 
the vehicle saturation. In detail, the terms included in  Eq. 
(9) are developed as follows: 

  ( )         ( )       
 

    
   

    

 
        ∑ (

  

  
)  

(
 

    
)    

    

 
   (    )  [∑ (         ( )             ) ]  

 

    
  (10) (10) 

Where: 

      unit purchase cost [€/unit] 

      unitary scrap price [€/unit] 

     fixed ordering cost per order [€/order] 

      holding cost [€/unit] 

      average inventory obsolescence annual rate [%] 

      full load-vehicle/container capacity [units or m3] 

      average freight vehicle speed [km/year] 

     distance travelled by transportation mode j [km] 

     fixed transportation cost for mode j  [€/km] 
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      variable transportation cost for mode j  [€/km m3]  

      number of full load-vehicle/container required [units] 

      full load-vehicle/container   capacity [SKUs per load] 

    Discontinuity Point for range   , defined as       
 

The second objective function  ( ) is the average total 
quantity of emission generated during the annual purchasing 
activity and it can be expressed by the sum of the emissions 
generated in the following three steps: material order 
transportation   ( ), warehousing   ( ) and treatment of 
the obsolete items that generate emissions during the waste 
collection     ( ). Thus, by an environmental point of 
view, only 3 terms must be considered and homogeneously 
expressed in tons of CO2 according to eq. (11): 

  ( )   ( )    ( )      ( )    ( ) (11) 

The second objective function to optimize at this stage is 
finally expressed as follows (considering the whole mix of 

transportation modes   used in the material supply from 
vendor to buyer): 

  ( )   ( )        (
 

 
)          (

 

 
)  

[∑ (          ( )              ) ]  
 

    
  (12) 

Where: 

   total weight of a SKU [kg/SKU] 

   packaging volume of a SKU [m3/SKU] 

      fixed transportation emission for mode j [kg CO2eq/km] 

      variable transp. emission for mode j [kg CO2eq/km m3] 

       warehouse emission coefficient [kg CO2eq/m3] 

       waste collection and recycling emission[kgCO2eq/ton]  

As happens in the in-house problem, the decision making 
process can be performed by generating the entire range of 
efficient solutions and calculating for each of these the 
marginal rate of substitution    ( ). Fixing a limiting value 

of    , the most sustainable solution for the decision maker 

is thus obtained. In this situation the comparison may be 
carried out respect to the value of the CO2 on the 
international market, according to the Emissions-Trading 
Scheme (ETS) (Ellerman and Buchner, 2007; Alberola et al., 
2008). 

4. Case study  

In the following, we are going to present a practical 
application of the method presented before, using real data 
derived from a business case. The instance under analysis is 
the supply by road of components for an assembly line, 
from a supplier sited 150km far from the plant. The 
ergonomic multipliers in Eq.(7) are estimated through the 
observation of the activities performed during the receiving 
and warehousing tasks.  Environmental performances of the 
system are obtained using the Ecoinvent database by the 
SimaPro Software (www.simapro.co.uk). Data used for the 
application are listed below: 
 

D   100,000 items/year     uw   0.08 kg/item      v   0.001   m3/item 

       0.37 €/sku           0.0018 €/item∙sku 

     1 min/sku                        25 €/h            p      0.15€/item  

p’    0.075€/item        β    0.3                   O     90 €/order  

y    33.2 m3     y’   67.2 m3                     1 min/sku  

     25 €/h                          150km                  60km/h 

        0.8€/km             0.01€/m3km 

         2.20kgCO2/km           0.124kgCO2/ton km   

     24 kg CO2/m3               0.077004 kgCO2/kgobs 

First, we present the two objective functions and the Pareto 
frontier, that highlight the tradeoffs between the two In-
house objectives (see 3.1). The non-optimal solutions have 
been removed from the Pareto space in order to provide 
only the efficient frontier.  

 

Figure 2: In-House logistic costs and ergonomic evaluation 

Assuming that the firm is willing to pay at most 1000 €/LI, 
the best compromise solution q* moves from the most 
economical one, that is 250 items/sku (LI=1, 
       ( )=482.56 €/year), to 140 items/sku (LI=0.55, 
       (  )=741.90 €/year), as in Fig.2. Notice that the increase 
in the packaging and handling cost seems to be relevant 
(+54%), but if compared to the annual purchasing cost that 
is invariant, it is only the 0.32%. Using the most sustainable 

size of the sku   , the in-bound problem is now faced. The 
purchasing cost is excluded from the analysis because it 
does not affect the result. The most economical solution is 
             (       ( )=1273.54€/year,  ( )  

      ton CO2eq/year), while the most sustainable one is 
                 (       ( )=1652.46€/year, 

 ( )1.383tonCO2 eq/year). Between the two end points, a set 
of solutions is included into the efficient frontier. 

 

Figure 3: In-Bound logistic costs and Total emissions 

Discontinuities due to vehicle saturation are visible in Fig. 3.  
Along the frontier, any improvement in environmental 
performance leads to a higher total expenditure. Also this 
marginal cost is represented in fig. 3: notice that its trend is 
increasing, moving from the most economical solution 
towards the most sustainable one. In this particular 
situation, the marginal cost analysis comparing the actual 
price of a ton of CO2 on the European market (5.77€/ton 
on 27/06/14), permits to move towards the most 
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sustainable solution              , reducing emission of 
5.96% (       ( )=1274.1€/year,  ( )   1.596tonCO2/y) with 
a limited cost increase that is completely covered by the 
saving due to CO2 reduction. A more responsible solutions 
could be reached only if the company would agree to bear 
an additional cost according to its own environmental 
sensibility, taking the advantage of improving its image 
respect to the competitors. Otherwise, only Legislation and 
Carbon Tax, Direct Cap or Cap-and-Trade approaches, that 
means Governmental actions, can force companies towards 
a sustainable direction. As an example, we cite the CRC 
scheme (www.gov.uk) developed by the UK Minister for 
Climate Change that provides an allowance price of  
12£/ton (≈16€/ton), that in this specific case study should 
drive the decision maker towards a more sustainable policy, 
reducing emissions of 8.6% (          

   ,        ( )=1274.81€/y,  ( )  1.55tonCO2/y) 

5. Conclusions   

This paper proposed a new lot-sizing procedure for a single-
product replenishment problem based on a multi-objective 
approach, that investigates the traditional EOQ framework 
coupled with the social and environmental impacts of 
inventory decisions. These impacts are quantified 
respectively in term of ergonomic risk of handling activities 
and polluting emissions (tonCO2eq/year). The main 
difference from previous literature in the field is the 
factorization of the Lot size into two different variables: the 

ergo-quantity   in accordance with the NIOSH procedure 

and the optimal number of SKUs   to be purchased in 
accordance with environmental consideration. Depending 
on the specific shape of the Pareto frontier we obtain in a 
specific real case, it’s then possible to define positive or 
non-positive settings. Considering the In-house Logistics 
case, the shape of the Pareto frontier determines the 
expenditure to be incurred in order to support or not 
support a sustainable packaging choice of incoming 
materials. We will find a positive setting in case it is possible 
to reduce the ergonomic risk, by increasing the purchasing 
lot size without significantly increasing cost.  This occurs 
when the region around the cost-optimal solution is 
relatively flat. Since no incentives have been introduced in 
the field of ergonomics yet, only the social responsibility of 
the company can keep down the ergonomic risk, facing an 
additional cost. On the contrary, polluting emissions are 
today subject of regulations and studies, regarding 
incentives and green-promoting policies. The 
methodological framework proposed in Fig.3 needs to 
evolve and be refined according to future research efforts. 
Actually, it aims to provide a first step towards a sustainable 
Lot Sizing theory.   
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