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Abstract: In modern industry, companies adopt Lean Management (LM) to increase efficiency and productivity and 
to reduce wastes and no-value added activities. In parallel, according to the international regulations, rising attention is 
toward Green Management (GM) to minimize environmental emissions. Despite the most of the existing literature 
contributions focuses on such two topics separately, an emerging trend analyzes the integration and relationships 
between LM and GM. This paper follows this stream and addresses the integration between LM and GM in the greedy 
energy industry, i.e. industry using machines characterized by time and energy consuming phase-in and switch-off setup 
times. These times represent low-value added activities because production is off and significant CO2 emissions take 
place. In this paper, an original bi-objective model minimizes the environmental emissions generated by the overall 
process, i.e. the green objective function, and the cumulative stock in terms of gap between the production rate and 
the customer demand, i.e. the lean objective function, matching the Just-in-Time (JIT) principles aiming at producing 
what the customers need, when needed. The model application to a study-case gets emission reduction and good 
market demand matching. 

Keywords:  Lean & Green Management, Sustainability, Energy Industry, Bi-objective optimization. 

1. Introduction and research question 

In the modern industrial scenario, rapid industrial 
development produces negative environmental impacts, in 
terms of pollution, greenhouse gas emissions and over-use 
of resources (Cherrafi et al., 2018). As a result, increasing 
concerns on the environmental sustainability led industrial 
companies to include the sustainability pillar within their 
strategic management (Sprenger and Busch, 2011; De 
Felice et al., 2012; Bortolini et al., 2018; Cherrafi et al., 
2018). In this emerging context, lean and green practices 
rise as relevant contributions to achieving sustainability 
supporting industrial companies in becoming more 
competitive and sustainable in an even more volatile and 
dynamic market arena (Hojnik and Ruzzier, 2016). The 
literature is rich in publications on lean and environmental 
sustainability even if these strategies are usually explored 
separately. 

According to its original definition, Green Management 
(GM) is defined as the integration of the environmental 
thinking into Supply Chain Management (SCM) from the 
sustainable product design phase to the end-of-life 
management and reverse logistics of the products at the 
end of their lifecycle (Srivastava, 2007). Life Cycle 
Assessment (LCA), Design for Environment (DfE), 
Cleaner Production and Eco-Efficiency are among the 
environmental practices adopted by GM philosophy to 
achieve its goals (Dues et al., 2013; Brasco Pampanelli et al., 
2013; Fargnoli et al., 2018).  

In parallel, Lean Management (LM) aims at reducing wastes 
as no-value added activities and to improve value by using 
resources efficiently and effectively (Bevilacqua et al., 2017; 
Bortolini et al., 2017). Just-in-Time (JIT) and Pull 
Management Systems, 5s’ technique and Value Stream 
Mapping (VSM) are just few among the practices and tools 
implemented by LM (Brasco Pampanelli et al., 2013; Dues 
et al., 2013; Bortolini et al. 2016). 

In the last few years, an emerging research field explores 
the integration between GM and LM in the industrial 
operative scenario from a quantitative point of view and 
with focus on multiple industrial sectors and activities 
(Martinez-Jurado and Moyano-Fuentes, 2017; Colicchia et 
al., 2017; Bortolini et al., 2019). 

Following this research stream, i.e. research positioning, 
this paper proposes an original bi-objective optimization 
model to analyse the integration between LM and GM in 
the greedy energy industry. The use of high amounts of 
energy is generally a GM and LM weakness if not associated 
to a clear and rationale plan of activity scheduling.  

To this aim, the following research question (RQ) is 
defined: ‘What are the possible convergences and synergies between 
LM and GM in the greedy energy industry in which machines and 
processes often require relevant phase-in and switch-off setup times 
using high energy power?’ . 

To answer the RQ, the reminder of this paper is organized 
as follows. The next Section 2 shortly revises the literature 
on the topic, Section 3 introduces the aforementioned bi-
objective model, targeting GM and LM goals in the greedy 
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energy industry, while the model resolution and result 
discussion for a test study-case are in Section 4. Finally, 
Section 5 concludes the paper with final remarks and future 
research opportunities. 

 

2. Literature review 

This section revises the most relevant literature 
contributions analyzing the integration between LM and 
GM in the field of SCM. Bergmiller and McCright (2009) 
show that lean companies including green elements have 
stronger results, i.e. win-win approach, and, through a 
statistical analysis, they prove that GM drives LM toward 
improving global performances. Thanki et al. (2016) apply 
an approach based on analytical hierarchy process (AHP) 
methodology to explore the impact of selecting lean and 
green practices on performance benefits and to evaluate the 
influence of lean and green paradigms on the overall 
performance of small and medium enterprises (SMEs). 
Fercoq et al. (2016) confirm the convergence of the two 
strategies in the field of waste reduction and measure the 
influence of different metrics, derived from both LM and 
GM, on the solid waste performance assessment. 

In the last few years, several Authors introduced innovative 
tools integrating lean and green aspects to assess the overall 
performance of production systems. In particular, the 
Sustainable Value Stream Map (Sus-VSM) is introduced as 
extension of the traditional VSM originally used by LM for 
the identification of no-value added activities (Faulkner and 
Badurdeen, 2014; Brown et al., 2014). The new proposed 
tool includes energy and environmental performance 
metrics together with the traditional performance 
parameters. Thanki and Thakkar (2016) develop a new 
graphical tool, i.e. value-value load diagram (VVLD), to 
modelling and evaluating lean, i.e. operational, and green, 
i.e. environmental, performances of the production 
systems through the evaluation of utilisation efficiency of 
resources as material, energy and human efforts. The 
proposed tool acts integrating VMS, material flow cost 
accounting and pinch analysis methodology.  

Carvalho et al. (2011) explore the divergences and 
commitments among lean, agile, resilient and green 
paradigms defining a conceptual model in which causal 
diagrams are used to represent the relationships among 
them. The Authors find that the synergies among these 
strategies are related to the increase of ‘information 
frequency’ and ‘integration level’ and to a reduction of 
production and transportation lead-times. As opposite, 
factors as ‘inventory level’ and ‘replenishment frequency’ 
go in opposite directions. Bortolini et al. (2019) explore 
such opposite trends proposing a bi-objective optimization 
model to simultaneously reduce inventory level, i.e. lean 
waste, and environmental emissions generated by 
shipments, i.e. green waste, in direct distribution logistic 
networks. The Authors show the benefits coming from the 
application of the proposed model, reducing the average 
stock level without a relevant increase of the emissions due 
to frequent replenishment. Duarte and Cruz-Machado 
(2017) propose a conceptual framework based on multiple 
criteria for the assessment of an integrated implementation 

of lean and green practices and adopt a multiple case study 
of five organizations in the automotive industry for 
validation. Results show that higher performances come 
from a good interaction between lean and green strategies. 
Globally, the literature states the originality of the 
integration between LM and GM and asks for quantitative 
approaches able to drive industrial companies and 
practitioners toward implementing the two strategies in an 
integrated way (Abreu et al., 2017; Bortolini et al., 2019).  

An area that received limited attention by Academia is the 
integration of LM and GM in the greedy energy industry 
using machines characterized by relevant phase-in and switch-
off setup times. In these time windows, the production is off 
but significant CO2 emissions take place due to energy 
consumption. An interesting trade-off is expected. Typical 
examples are in the heavy industry where big plants, e.g. 
furnaces, need long setups to start their production phase.   

This paper tries to fill the introduced literature gap, based 
on the RQ stated in Section 1, through a bi-objective 
optimization model integrating green and lean concepts 
modelled as CO2 emissions and gap toward the market 
demand. 

 

3. Lean Green bi-objective model 

The management of process industries is becoming 
challenging given the restrictive environmental policies and 
the raising energy costs (Porzio et al., 2013). These 
industries are usually energy-intensive and require relevant 
phase-in and switch-off setup times. In this industrial operative 
scenario, it is interesting to explore the trade-off between 
green and lean aspects. The green perspective shows the 
convenience to minimize the environmental emissions 
generated by the setup phases promoting the continuous 
machine working. Conversely, the lean perspective, aiming 
at producing what the customers want avoiding excessive 
amount of stock, promotes the intermittent production on 
the available machines to match the customer demand on 
time (Mode 2, 3 and 4 in next Figure 1). In particular, Figure 
1 shows possible machine working modes. In Mode 1 the 
machines work continuously, while in Modes 2 and 3 they 
need a phase-in or switch-off setup phase. Finally, in Mode 4 
both setups are necessary. 

 

 
Figure 1: Feasible machine modes, per period 
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The proposed original bi-objective optimization model 
adopts the following assumptions: 

x single-product model; 

x the available machines are parallel and identical; 

x underproduction is not allowed; 

x inbound logistics is considered, i.e. distribution 
processes are not included in the analysis; 

x phase-in and switch-off times are lower than the 
available time-window; 

x continuous production. 

  

The following notations are used. 

Indices 

 

 

𝑚   Index for machines 𝑚 = 1, … , 𝑀 

𝑡       Index for time periods 𝑡 = 1, … , 𝑇 

 

Parameters 

 

 

𝐷𝑡  Customer demand [pcs/day] 

𝑒𝑒 CO2 emissions of 1 electric kWh 
[kgCO2/kWh] 

W Available time [hours/day] 

𝑞 Number of products manufactured by 
the machine [pcs/hours] 

𝑡0 Machine phase-in time [hours/day] 

𝑡𝑓 Machine switch-off time [hours/day] 

𝑃0 Machine phase-in power [kW] 

𝑃𝑙  Machine processing power [kW] 

𝑃𝑓 Machine switch-off power [kW] 

 

Decision 
variables 

 

 

𝜓𝑚,𝑡
1  1 if machine m works in period t; 0 

otherwise [binary] 

𝜓𝑚,𝑡
2  1 if machine m performs phase-is + 

working in period t; 0 otherwise [binary] 

𝜓𝑚,𝑡
3  1 if machine m performs working + 

switch-off in period t; 0 otherwise 
[binary] 

𝜓𝑚,𝑡
4  1 if machine m performs phase-is + 

working + switch-off in period t; 0 
otherwise [binary] 

 

Objective 
functions 

 

' Cumulative stock, i.e. gap between 
production rate and customer demand 
[pcs/day] 

K CO2 emissions generated by the overall 
process [kgCO2/day] 

 

The analytic formulation of the objective functions is the 
following: 

' = ∑ ∑ 𝑞 · [W · 𝜓𝑚,𝑡
1 + (W − 𝑡0) · 𝜓𝑚,𝑡

2 +𝑀
𝑚=1

𝑇
𝑡=1

(W − 𝑡𝑓) · 𝜓𝑚,𝑡
3 + (W − 𝑡0 − 𝑡𝑓) · 𝜓𝑚,𝑡

4 ] −
∑ 𝐷𝑡

𝑇
𝑡=1   

(1) 

K = ∑ ∑ 𝑃𝑙 ·𝑀
𝑚=1

𝑇
𝑡=1 [W · 𝜓𝑚,𝑡

1 + (W − 𝑡0) ·
𝜓𝑚,𝑡

2 + (W − 𝑡𝑓) · 𝜓𝑚,𝑡
3 + (W − 𝑡0 − 𝑡𝑓) ·

𝜓𝑚,𝑡
4 ] +  𝑃𝑙 · W · (𝜓𝑚,𝑡

2 + 𝜓𝑚,𝑡
4 ) + 𝑃𝑓 · 𝑡𝑓(𝜓𝑚,𝑡

3 +
𝜓𝑚,𝑡

4 )  

(2) 

 

(1) is the lean function that minimizes the cumulative stock, 
i.e. the gap between the production rate and the customer 
demand, matching the JIT principles, while (2) represents 
the green function that minimizes the environmental 
footprint generated by the processes. The model is subject 
to the following feasibility constraints. 

∑ 𝑞 · [W · 𝜓𝑚,𝑡
1 + (W − 𝑡0) · 𝜓𝑚,𝑡

2 +𝑀
𝑚=1

(W − 𝑡𝑓) · 𝜓𝑚,𝑡
3 + (W − 𝑡0 − 𝑡𝑓) ·

𝜓𝑚,𝑡
4 ] ≥ 𝐷𝑡   

� 𝑡 (3) 

𝜓𝑚,𝑡
1 + 𝜓𝑚,𝑡

2 + 𝜓𝑚,𝑡
3 + 𝜓𝑚,𝑡

4 = 1 � 𝑚, 𝑡 (4) 

𝜓𝑚,1
1 = 𝜓𝑚,𝑡

3 = 0 � 𝑚 (5) 

𝜓𝑚,𝑇
1 = 𝜓𝑚,𝑇

2 = 0 � 𝑚 (6) 

𝜓𝑚,𝑡−1
1 + 𝜓𝑚,𝑡−1

2 + 𝜓𝑚,𝑡−1
3 +

𝜓𝑚,𝑡−1
4 ≥ 𝜓𝑚,𝑡

1   
� 𝑚, 𝑡
− {1} 

(7) 

𝜓𝑚,𝑡−1
1 + 𝜓𝑚,𝑡−1

2 + 𝜓𝑚,𝑡−1
3 +

𝜓𝑚,𝑡−1
4 ≥ 𝜓𝑚,𝑡

3   
� 𝑚, 𝑡
− {1} 

(8) 

𝜓𝑚,𝑡−1
1 + 𝜓𝑚,𝑡−1

2 ≤ 𝜓𝑚,𝑡
1 + 𝜓𝑚,𝑡

3  � 𝑚, 𝑡
− {1} 

(9) 

𝜓𝑚,𝑡−1
3 + 𝜓𝑚,𝑡−1

4 ≤ 1
− (𝜓𝑚,𝑡

1 + 𝜓𝑚,𝑡
3 ) 

� 𝑚, 𝑡
− {1} 

(10) 

𝜓𝑚,𝑡
1 , 𝜓𝑚,𝑡

2 , 𝜓𝑚,𝑡
3 , 𝜓𝑚,𝑡

4  binary � 𝑚, 𝑡 (11) 
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(3) ensures that the customer demand is met, while (4) 
forces, in each time period, the machines to be in one of 
the feasible states defined by the decisional variables. (5) 
and (6) set the machine state at the beginning and end of 
the time horizon. (7) to (10) set, per machine, the 
continuous state transition, i.e. if the machine is off at the 
end of period t-1, it must be off at the beginning of period 
t and vice-versa. Finally, (11) gives consistence to the 
decisional variables. 

The model application to a study-case and the obtained 
results are discussed in Section 4. 

 

4. Model application 

4.1 Case study description 

The proposed bi-objective model is applied to a study-case 
representative of an energy-intensive industrial company. 
The production scenario includes 20 parallel and identical 
machines processing the same product. Such machines 
produce 3 pcs/hours over an available time of 24 
hours/day, while the phase-in and switch-off setup times are 
equal to 6 hours each. Machine rated powers are equal to 5 
kW during the phase-in and switch-off phases and of about 25 
kW during the processing time. Data concerning the 
demand profile are in Appendix A. The considered 
planning horizon is of 30 days. 

The model is coded in AMPL language and processed 
adopting Gurobi Optimizer© v.4.0.1.0 solver. An Intel� 
CoreTM i7 CPU @ 2.40 GHz and 8.0 GB RAM 
workstation is used. The solving time is approximately of 1 
hour to build the whole Pareto frontier presented in the 
next Section 4.2. 

 

4.2 Results and discussion 

Fig. 2 presents the so-called Pareto frontier obtained by 
applying the Normalized Normal Constraint Method 
(NNCM) on a set of 20 intervals (Messac et al., 2003), while 
data concerning the coordinates of the non-dominated 
Pareto points are in Appendix B. The anchor points, i.e. the 
lean and green single-objective solutions, lead to a 
cumulative stock value of 622 pcs/day (CO2 emissions of 
about 115’506 kg) and to CO2 emissions of about 112’158 
kg (cumulative stock of 730 pcs/day).  

 
Figure 2: Case study, complete Pareto frontier 

The points to build the Pareto frontier show a ‘layered’ 
trend, i.e. the same value of the lean function is for multiple 
values of the green objective function. As example, when 
the lean function gets a value equal to 622 pcs/day, the 
green function value ranges into [113’184, 115’506] 
kgCO2/day. The 4 non-dominated Pareto points (A, B, C 
and D) of Figure 2 represent effective manufacturing 
configurations in terms of cumulative stock and 
environmental emissions. The next Figure 3 and 4 show, 
per period, the incidence of the operation modes of Figure 
1 in the optimum lean and green non-dominated points, i.e. 
points D and A respectively. 

 
Figure 3: Machines status trend over the time in the lean 

optimum (point D of Figure 2) 

 

 
Figure 4: Machines status trend over the time in the green 

optimum (point A of Figure 2)  

 

Results show that, while in the lean optimum point an 
intermittent production occurs, with a significant number 
of phase-in and switch-off setups to match the customer 
demand on time, in the green optimum point the 
optimization process promotes the continuous machine 
processing to reduce the huge emissions generated by 
setups.  

The chosen best-balance solution is the lean optimum non-
dominated point highlighted in red in Figure 2. It presents 
a cumulative stock value of 622 pcs/day and 113’184 kg of 
emitted CO2 per day and it allows concluding that it is 
possible to decrease one objective function (-15%) with low 
increase of the other one (+1%). Within the case study 
context, the decision makers consider acceptable such a 
slight increase of the environmental emission level, 
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selecting point D as the final manufacturing configuration 
to adopt. 

Based on these results, the proposed model acts as a 
decision support system (DSS) guiding companies and 
industrial practitioners in selecting the proper configuration 
that best meets its needs in terms of lean and green benefits. 

 

5. Conclusions and further research 

Lean Management (LM) and Green Management (GM) 
received a lot of attention from researchers and industrial 
practitioners as important strategies to reduce different 
types of wastes, both operative and environmental. 
Nevertheless, few contributions explore the possible 
integration between such two strategies analysing their 
divergences and synergies. To this aim, this paper defines 
the following research question (RQ): ‘What are the possible 
convergences and synergies between LM and GM in the greedy energy 
industry in which machines and processes often require relevant phase-
in and switch-off setup times using high energy power?’ To answer 
the question, an original bi-objective optimization model is 
proposed minimizing the environmental emissions 
generated by the production process, i.e. green function, 
and the cumulative stock in terms of gap between the 
production quantity and the customer demand, i.e. lean 
function. A realistic study-case applies the proposed model. 
Results show the possibility to best-balance the two 
objective functions allowing to reduce the lean function 
value (-15%) without increasing excessively the 
environmental emissions (+1%) and vice-versa. In this way, 
the proposed model acts as a decision support system 
(DSS) for companies and industrial practitioners in 
selecting the proper manufacturing configuration. Future 
research activities deal with the extension of the model to 
include relevant issues not considered at this stage as well 
as the application of the model to larger industrial 
instances. 

 

References 

Abreu, M.F, Alves, A.C., and Moreira, F. (2017). Lean-
green models for eco-efficient and sustainable 
production. Energy, 137, 846-853. 

Bergmiller, G.G., and McCright, P.R. (2009). Are Lean and 
Green Programs Synergistic? Proceedings of the 2009 
Industrial Engineering Research Conference. 

Bevilacqua, M., Ciarapica, F.E, and De Sanctis, I. (2017). 
Lean practices implementation and their relationships 
with operational responsiveness and company 
performance: an Italian study. International Journal of 
Production Research, 55, 769-794. 

Bortolini, M., Ferrari, E., Galizia, F.G., and Mora, C. 
(2016). A Reference Framework Integrating Lean and 
Green Principles within Supply Chain Management. 
World Academy of Science, Engineering and 
Technology. International Journal of Social, Behavioral, 
Educational, Economic, Business and Industrial Engineering, 
10(3), 884-889. 

Bortolini, M., Galizia, F.G., and Mora, C. (2017). Efficiency 
and sustainability model to design and manage two-
stage logistic networks. Procedia Manufacturing, 11, 2170-
2177. 

Bortolini, M., Botti, L., Galizia, F.G., Mora, C., and Rosano, 
M. (2018). Bi-objective design of fresh food supply 
chain networks with reusable and disposable 
packaging containers. Journal of Cleaner Production, 184, 
375-388. 

Bortolini, M., Galizia, F.G., Gamberi, M., Mora, C., and 
Pilati, F. (2019). Enhancing stock efficiency and 
environmental sustainability goals in direct distribution 
logistic networks. International Journal of Advanced 
Operations Management, 11, 8-25. 

Brasco Pampanelli, A., Found, P., and Moura Bernardes, A. 
(2013). A Green&Lean Model for a production cell. 
Journal of Cleaner Production, 85, 19-30. 

Brown, A., Amundson, J., and Badurdeen, F. (2014). 
Sustainable value stream mapping (Sus-VSM) in 
different manufacturing system configurations: 
application case studies. Journal of Cleaner Production, 85, 
164-179. 

Carvalho, H., Duarte S., and Cruz-Machado, V. (2011). 
Lean, agile, resilient and green: divergences and 
synergies. International Journal of Lean Six Sigma, 2, 151-
179. 

Cherrafi, A, Garza-Reyes, J.A., Kumar, V., Mishra, N., 
Ghobadian, A., and Elfezazi, S. (2018). Lean, green 
practices and process innovation: a model for green 
supply chain performance. International Journal of 
Production Economics, 206, 79-92. 

Colicchia, C, Creazza, A., and Dallari, F. (2017). Lean and 
green supply chain management through intermodal 
transport: insights from the last moving consumer 
goods industry. Production Planning & Control, 28, 321-
334. 

De Felice, F., Petrillo, A., and Gnoni, M.G. (2012). An 
ANP-based model for an effective green supply chain 
management. International Journal of Applied Logistics 
(IJAL), 3, 1-14. 

Duarte, S., and Cruz-Machado, V. (2017). Green and lean 
implementation: an assessment in the automotive 
industry. International Journal of Lean Six Sigma, 8, 65-88. 

Dües, C. M., Tan, K., and Lim, M. (2013). Green as the new 
Lean: how to use Lean practices as a catalyst to 
greening your supply chain. Journal of Cleaner Production, 
40, 93-100. 

Fargnoli, M, Costantino, F., Di Gravio, G., and Tronci, M. 
(2018). Product service-systems implementation: a 
customized framework to enhance sustainability and 
customer satisfaction. Journal of Cleaner Production, 188, 
387-401. 

Faulkner, W., and Badurdeen, F. (2014). Sustainable value 
stream mapping (Sus-VSM): methodology to visualize 

233



XXIV Summer School “Francesco Turco” – Industrial Systems Engineering  

and assess manufacturing sustainability performance. 
Journal of Cleaner Production, 85, 8-18. 

Fercoq, A., Lamouri, S., and Carbone, V. (2016). 
Lean/Green integration focused on waste reduction 
techniques. Journal of Cleaner Production, 137, 567-578. 

Hojnik, J., and Ruzzier, M. (2016). The driving forces of 
process eco-innovation and its impact on 
performance: insights from Slovenia. Journal of Cleaner 
Production, 133, 812-825. 

Martìnez-Jurado, P.J. and Moyano-Fuentes, J. (2014). Lean 
management, supply chain management and 
sustainability: a literature review. Journal of Cleaner 
Production, 85, 134-150. 

Messac, A., Ismail-Yahaya, A., and Mattson, C.A. (2003). 
The normalized normal constraint method for 
generating the Pareto frontier. Structural and 
Multidisciplinary Optimization, 25, 86-98. 

Porzio, G.F., Fornai, B., Amato, A., Matarese, N., 
Vannucci, M., Chiappelli, L., and Colla, V. (2013). 
Reducing the energy consumption and CO2 emissions 
of energy intensive industries through decision 
support systems – an example of application to the 
steel industry. Applied Energy, 112, 818-833. 

Sprengel, D.C., and Busch, T. (2011). Stakeholder 
engagement and environmental strategy – the case of 
climate change. Business Strategy and the Environment, 20, 
351-364. 

Srivastava, S.M. (2007). Green supply chain management: a 
state-of-the-art literature review. International Journal of 
Management Reviews, 9, 53-80. 

Thanki, S., Govindan, K., and Thakkar, J. (2016). An 
investigation on lean-green implementation practices 
in Indian SMEs using analytical hierarchy process 
(AHP) approach. Journal of Cleaner Production, 135, 284-
298. 

Thanki, S., and Thakkar, J. (2016). Value-value load 
diagram: a graphical tool for lean-green performance 
assessment. Production Planning & Control, 27, 1280-
1297 

 

Appendix A. Customer demand values over the 
considered planning horizon 

Time 
period (t) 

Customers demand 
[pcs/day] 

1 480 

2 600 

3 570 

4 700 

5 740 

6 1050 

7 970 

8 1200 

9 1230 

10 1400 

11 1420 

12 1390 

13 1200 

14 1170 

15 1220 

16 1190 

17 1110 

18 710 

19 1420 

20 1190 

21 630 

22 550 

23 980 

24 800 

25 840 

26 770 

27 775 

28 765 

29 781 

30 759 

 

Appendix B. Coordinates of the non-dominated 
Pareto points 

Pareto point Lean function ' 
[pcs/day] 

Green function K 
[kgCO2/day] 

A 730 112158 

B 694 112266 

C 658 112320 

D 622 113238 
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