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Abstract. This paper proposes a coupled evaluation and optimization approach to 
steer product variety towards environmental and economic sustainability. A pre-
defined set of indicators enriched with weights given by the user ensures the eval-
uation, while optimization uses linear programming. The paper highlights the  
impact of variety steering on environmental and economic sustainability indica-
tors. Additionally, the paper underlines the need to translate regulations into con-
crete company goals through integrating carbon markets into the proposition. 
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1 Introduction 

The broadening of customer requirements and emergence of market niches resulted in 
the proliferation of product variety. ElMaraghy et al. (2013) define variety as a num-
ber or collection of different things of a particular class of the same general kind. 
Producers seek to provide a wider spectrum of choice to gain market share and ac-
commodate as many product variants as possible (ElMaraghy et al., 2013). However, 
each product variant induces a certain cost and environmental impact and generates a 
given profit. The challenge is to keep enough variety to meet customer requirements 
while steering such variety towards sustainability. The scope of current paper is fo-
cused on steering variety towards environmental and economic sustainability. It 
presents a coupled evaluation and optimization approach that helps managers take 
decisions on product variants' production volumes while considering the economic 
and environmental criteria. A predefined set of indicators enriched with weights re-
flecting each indicator's relative importance ensures the evaluation. The optimization 
uses linear programming to find trade-offs between all indicators while considering 
carbon markets. 

The rest of the paper is organized as follows: section 2 provides a brief review of 
green supply chain performance evaluation and optimization. Section 3 presents the 
proposed approach comprised of indicators' weighting and optimization. Section 4 
illustrates the proposition with a case study. The paper ends with conclusions and 
discussion, presented in section 5.  
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2 State of the Art 

2.1 Sustainability Performance Evaluation 

Literature is rich in sustainability evaluation frameworks and indicators' systems. 
Many of them focus on the external reporting of company performance (Global  
Reporting Initiative, 2002; UNEP, 2009). Beyond benchmarking purposes, more me-
thodological guidance is required to support decision makers in taking the "right" 
decisions on product, production process, and supply chain design alternatives. In this 
vein, life cycle thinking gained a lot of interest as it expanded the focus from produc-
tion sites to the whole product life cycle. Life Cycle Assessment (LCA) is a method 
for assessing the environmental impact of product throughout its life cycle phases 
(ISO 14040, 2006). Dekker et al. (2012) enumerated several metric systems applied to 
supply chains, which, however, focused only on greenhouse gases emissions.  

Recently, a comprehensive assessment model was proposed to assess sustainability 
performance of mass customized solutions: S-MC-S (Sustainable Mass Customization 
– Mass Customization for Sustainability) (Bettoni et al., 2013). The S-MC-S assess-
ment model relies on a mixed life cycle and multi-level perspective. The life cycle 
aspect considers product life cycle phases (i.e. extraction, material processing, manu-
facturing, logistics, etc.). The multi-level aspect considers the product, production 
processes and supply chain levels. Indicator formulas are implemented in an assess-
ment engine connected to the Ecoinvent1 data base which ensures more reliability of 
the indicator values (Pedrazzoli et al., 2012). However, a critical issue is still the high 
number of indicators which may compromise the decision making process. One way 
to address this is by aggregating indicators. The Analytic Hierarchy Process (AHP) 
(Saaty, 2008) is a common method that can be applied in this context.  

2.2 Green Supply Chains Optimization 

Dekker et al. (2012) identified a lack of life cycle perspective in green operations 
optimization through reviewing applications of operations research to green logistics. 
Most studies that integrate environmental considerations into supply chain optimiza-
tion focus on transportation, warehousing and inventory management (Bauer et al., 
2010; Wang et al., 2011; Abdallah et al., 2012).  

Moreover, laws, regulations and government action at large, are often addressed 
only through empirical studies that analyse their relevance to company strategies (Tan 
and Rae, 2009). One important achievement in this respect is the EU Emissions Trad-
ing System (EU ETS) resulting from the Kyoto Protocol. According to this system, 
companies receive a certain carbon emission allowance (i.e. threshold). They have to 
buy or sell a given amount of carbon emissions according to their effective emissions 
during a given period of time (EP and CEU, 2009). EU ETS motivates companies to 
engage in sustainable development, since it compels them to jointly optimize both 
economic and environmental performances.  

                                                           
1 http://www.ecoinvent.org/ 
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3 Proposed Approach 

The proposed approach is comprised of two steps: weighting and optimization. First 
step relies on interviews with company manager, while second one uses these weights 
for optimizing variants production volumes. 

3.1 Weighting 

Company managers weight indicators according to their priorities, using the Analyti-
cal Hierarchy Process (AHP). AHP is a widely accepted technique used in decision 
making. In our approach, we assume that a predefined set of  indicators , 1. .  is already available at the company, such that is relative to one pro-
duced unit of  . Manager performs a pair wise comparison of the indicators during 
interviews. The result is the matrix  (Eq. 1), where  is the relative importance of 
indicator  over indicator . The average value of normalized  (Eq. 2) results in 
the weight of indicator  (Eq. 3). 

 , 0,9   (1) 

 ∑  , , 1. . , 1. .  (2) 

 
∑  ,  1. .  (3) 

In order to check the consistency of the judgements a consistency ratio (CR) is 
calculated according to Eq. 4. If CR is lower than 0.2 judgements are said to be 
consistent (Saaty, 2008). 

 
 ..    ,∑.  (4) 

3.2 Optimization 

Optimization aims to reduce costs and the environmental impact (and thus increase 
profit) by varying production volumes of product variants, these are represented by 

. The backbone of the objective functions is indicator values  such that  refers to 
product variant and  refers to the indicator, 1. .  and  is the number of va-
riants. We define , such that 1 if an increase of the value of indicator  is 
desired, 1 otherwise. For each indicator , an objective function  is calculated as 
shown in Eq. 5. 

 ∑ . .  , 1. .  (5) 

We consider the cost/profit that can be induced by Eco taxes as follows: if the amount 
of greenhouse gases passes a given threshold, , then company has to pay carbon  
tax  (calculated as shown in Eq. 6).  is a Boolean variable such that 1 if  
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indicator  contributes to greenhouse gas emissions, 0 otherwise (Eq. 7).  is the 
emissions' unitary cost in the company's carbon market. When a company's emissions 
respect the allowed amount of emissions, it is paid by other companies where emis-
sions exceed such a threshold. 

 CC ∑ ∑ . .   (6) 

For optimization, we use the weighted sum scalarization technique (Ehrgott, 2013). 
Accordingly, the function that needs to be optimized is the weighted sum of the objec-
tive convex functions . Here, we propose to use the weights , 1. .  , given 
by the manager to each of the indicators . The objective function can be written as 
in Eq. 7, where  is the weight of the cost indicator: 

 max ∑ . .   (7) 

Eq. 7 can then be written as follows: 

 max ∑ ∑ . . . . . . . .  (8) 

Let  and  be the minimum and maximum values of possible production 
volumes of variant , respectively (Eq. 9). Additionally let  be the total production 
volume (Eq. 10). ,  and  can be determined based on expected sales and 
production capacity. 
 0   (9) 
 ∑   (10) 
 
The subsequent optimization model is as follows: 

 max ∑ ∑ . . . . . . . .   
s.t. 0  ∑   

4 Case Study  

We applied our proposed approach to a furniture manufacturer providing several va-
riants of customized kitchens to the luxury market. The company has three product 
lines. Our study involves one product line comprising 6 variants. It aims to balance 
the production between these variants so as to minimize the environmental impact and 
costs, for a given demand variation amplitude. Our approach addresses a particular 
aspect of product diversity by finding optimal production distribution between va-
riants. To do so, the first step is to weight the indicators using pair wise comparisons 
and AHP. The second step is to solve the linear programming model to come up with 
a given distribution of the production volumes among variants. In current research we 
consider only weights that are calculated by AHP. This might be a burden for the 
optimization because we only consider a single point of the Pareto curve (depicting 
Pareto optimal solutions). However we base our model on the assumption that the 
chosen weights are most suitable to the company. 
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4.1 Indicators Weighting 

The predefined list of indicators used in the case study is taken from the S-MC-S 
assessment model (Medini et al., 2011; Bettoni et al., 2013). It is presented in Table 1. 
Table 2 summarizes pairwise comparisons of the indicators.  

After applying AHP, subsequent weights are represented in the last row of Table 2. 
Consistency Ratio (CR) calculated according to Eq. 4 is 0.1542. This value is lower 
than 0.2, and judgements are then said to be acceptable. Afterwards, indicators values 
are calculated by an assessment engine connected to an environmental data base (Pe-
drazzoli et al., 2012). Data concerning the 6 variants is entered through a set of prod-
uct, process and supply chain editors. Each of these variants is characterized with 
given material type, dimensions, shape, etc. The description of variants, however, is 
beyond the scope of this paper. 

Table 1. Indicators definitions  

Indicator Unit of measure 
GWP – Global Warming Potential kg eq. CO2

HTP – Human Toxicity Potential kg eq. 1,4-DCB
ED – Energy Depletion MJ
NRD - Natural Resources Depletion Kg antimony eq.
WD – Water Depletion m3

WP - Waste Production kg
UVPC - Unitary Production Cost € 

Table 2. Indicators pair-wise comparisons 

 GWP HTP ED NRD WD WP UVPC 
GWP 1.00 1.00 1.00 3.00 0.33 5.00 0.20
HTP 1.00 1.00 5.00 3.00 1.00 7.00 3.00
ED 1.00 0.20 1.00 3.00 0.33 3.00 0.33
NRD 0.33 0.33 0.33 1.00 0.33 0.33 0.20
WD 3.00 1.00 3.00 3.00 1.00 3.00 0.33
WP 0.20 0.14 0.33 3.00 0.33 1.00 0.33
UVPC 5.00 0.33 3.00 5.00 3.00 3.00 1.00
Weights 0.12 0.27 0.09 0.04 0.18 0.05 0.25

4.2 Optimization 

The function that needs to be minimized is represented by Eq. 11 to 13, where  is the 
variant, with 1, 2, 3, 4, 5, 6 . We propose the use of another indicator, , that 
includes  and cost incurred by the case company in the carbon market. We 
introduce an income indicator as depicted by Eq. 15. Let 1500 be the amount of 
greenhouse gases ( ) the case company can emit in a given carbon market, 30 be the 
emissions unitary cost ( ) and 150 be the total production volume ( ). GWP is the 
only indicator that represents greenhouse gases emissions. max  ∑ . .  .  .  . . . 30 . . . 30. 1500  (11) 

s.t. 
 6 10  if 1, 2, 3, 4}  (12) 
 60 64  if 5, 6  (13) 
 ∑ 158   (14) 
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Indicators values and production volumes are represented in Table 3. Minimum 
( ) and maximum ( ) production volumes are defined. Their values shown in 
Table 3 are chosen based on average data from the case company.  

Table 3. Variants data 

Variants Indicators Production 
GWP HTP ED NRD WD WP UVPC   

1 20.95 11.71 1368.3 0.19 0.17 2.00 11.21 6 10 
2 23.56 16.87 1485.2 0.22 0.19 2.27 13.41 6 10 
3 22.84 16.69 1444.4 0.21 0.18 2.27 14.35 6 10 
4 22.36 12.53 1471.4 0.21 0.18 2.14 13.80 6 10 
5 23.07 12.84 1518.2 0.22 0.19 2.18 16.10 60 64 
6 22.10 12.57 1466.4 0.21 0.18 2.15 14.86 60 64 

 
The linear programming problem is solved using Microsoft Office Excel solver 

and by choosing Simplex method. We varied ∆  in order to check the impact of pro-
duction volume variance on the indicators. Table 4 shows the results obtained for 
different values of ∆  such that ∆ . Columns 3 to 10 represent the sum 
of indicators among all variants. The first row of the table relates to the standard (Sd) 
situation within the case study, that is: 8, 1, 2, 3, 4  and 63, 5, 6 . Optimal solution fitting such standard situation is as follows: 
producing 8 units of each of variants 1 to 5 and 63 units of each of variants 5 and 6. 
Data relating to this situation are described in detail in Table 3.  

Table 4. Production volumes variance impact on indicators (∑ 158 , 1500) 

∆  

, 
, 
, 
, 

, 
 

Indicators values Decision variables 

GWP HTP ED NRD WD WP Cost    

Sd 8 63 3563 2063 234184 33.73 29.07 342 64274 8 8 8 8 63 63 
4 6 60 3248 1871 213691 30.78 26.52 312 54628 6 6 6 6 60 60 
8 4 58 2979 1705 196184 28.26 24.34 286 46368 4 4 4 4 58 58 

12 2 56 2709 1539 178676 25.74 22.16 260 38108 2 2 2 2 56 56 

 
As shown, in Table 3, all indicators values decrease with the increase of the gap 

between minimum and maximum production volumes of each variant  . Such a de-
crease is expected, since the model has as many options as the interval of decision 
variables (production volumes of the variant) increases. It is then more likely to find 
more optimal solutions. The manager, for instance, can select one of the proposed 
solutions according to the production system capacity that determines which ∆  the 
company can afford. The trend that can be noticed in the solutions offered by the 
model (i.e. decision variables) values is the minimization of total production volumes 
of the variants. The lower the variant minimal production volume, the lower is total 
production volume. Figure 1 shows the variation of the income for different carbon 
market threshold values, with: 

 ∑ . ∑  (15) 
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Fig. 1. Carbon threshold impact on income 

Company's greenhouse gases emissions amount to approximately 3500 . Thus, 
it incurs a carbon cost until the threshold exceeds this value, then revenue is generated 
by the reimbursement to the company for the non-emitted but allowed amount of 
greenhouse gases. This highlights the importance of considering the carbon market in 
the optimization of the economic and environmental performance of the company. 

5 Conclusions 

In this paper we propose a combined evaluation and optimization approach to miti-
gate variety impact on sustainability. The evaluation relies on sustainability perfor-
mance indicators connected to an external environmental data base. Indicators are 
weighted according to company priorities, thus providing more decision support to 
managers. Optimization aims to minimize emissions and cost through balancing pro-
duction volumes between variants and integrating the carbon market. Production ca-
pacity and demand are considered at this point. The originality of our approach lies in 
coupling performance evaluation and optimization. Moreover, the indicators used in 
the evaluation consider product life cycle phases (i.e. extraction, manufacturing, 
transportation, etc.). 

The paper underlines the impact of variety steering on sustainability indicators. 
When the variants' production volumes are flexible, the cost and environmental im-
pact are lower. Furthermore, the paper points out the relevance of the carbon market 
to company environmental and economic performances. From this, it follows that 
environmental considerations should be considered from a win-win perspective rather 
than an external constraint. In this sense optimizing company sustainability perfor-
mance generates economic value (e.g. reimbursement from the carbon market) instead 
of making companies incur additional costs. 
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