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Abstract

Linking Lean and Green production systems to better economic, social and environmental results have become a reality in many industrial 
sectors. The objective of this study is to establish a set of indicators that support the implementation and maintenance of Lean and Green 
systems in coffee producing properties. Through a literature review, some necessary metrics were defined to evaluate the Lean/Green synergy. 
A questionnaire was developed to extract the controlled variables, to identify the possibility of implementing performance indicators and to 
find the best practices of the sector. 53 indicators were found, including two that evaluate the Lean and Green systems together. With the help 
of experts in the field, 18 indicators were selected for the coffee sector, nine of which were Lean and nine Green indicators. Thus, it was possible 
to analyze the Lean/Green maturity in the coffee farms through the results obtained with the monitoring of these indicators and the application 
of a questionnaire. The results indicate that this sector uses Lean/Green practices and monitors important variables of the production process, 
however, it is necessary to develop studies that allow the joint implementation of the Lean and Green systems. Thus, this study supports the 
development of a software capable of monitoring the Lean and Green indicators in the coffee sector, allowing to digitize the information and 
improve the internal flow.
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Introduction
The Lean production system developed by Taiichi Ohno is 

directly related to sustainability issues, by various authors [1-4]. 
These authors have found possibilities of integration between 
the philosophy of the Lean production system and sustainable 
production from the environmental, economic and social point of 
view. Sustainable production is also identified as Green production, 
or Green system, and Lean production, receives several names, 
such as Lean Manufacturing or Lean Management.

Sustainable development is a central theme for our era [5], 
being a subject in the strategic planning of companies and in the 
academic environment. In this sense, there is a need to improve 
production systems and improve existing methodologies. Green 
thinking was born of this need for improvement and its integration 
into the Lean system has presented good results [6], supplying the 
need for companies to align commercial practices with principles 
of environmental sustainability [7]. 

The objective of this study is to establish a set of indicators 
that support the implementation and maintenance of Lean and 
Green systems in coffee producing properties. It is also the focus 
of this study the integration of these production systems and the 
support of information for the development of a software that  

 
facilitates the evaluation of both systems, enabling a sustainable 
industry in the context of the revolution 4.0. 

Table 1: Search string.

Terms Operators Search String

Lean And

((Lean and (Green 
and (Manufacturing 

or Production or 
Management)) 
and (Metrics or 
Indicators*)))

Green Or

Manufacturing  

Production  

Management  

Metrics  

Indicators  

A literature review of the Lean and Green systems was carried 
out to investigate the related works and metrics, already identified 
by other authors, that allow the evaluation of the synergy between 
these systems. This review was carried out in the index databases 
Scopus, Science Direct, Web of Sciense and Springer, and tries to 
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answer the research question: “What are the metrics that can 
measure the Lean/Green synergy?”. The selection of papers takes 
into account the title, abstract, and keywords and used the search 
terms according to Table 1.

The searches in these international electronic databases 
were performed using the filters available in the advanced search 
options. Only articles published between 1996 and 2016 were 
selected.

The questionnaire in Table 2 was designed to determine some 
of the variables monitored, to seek the possibility of implementing 
performance indicators and to identify the best production 
practices in the sector.

Table 2: Questionnaire to identify good practices.

Question Reference

Is Just-in-Time practice used? [8,9]

Are actions applied to counteract the negative 
effects that Just-in-Time can have on the Green 

system?
[10]

Is Kaizen practice used? [9]

Is Value Stream Mapping (VSM) practice used? [11,12,13]

Are there employees trained to work with these 
production systems? [14,15]

How long have the concepts of these systems 
been applied in the company? [12]

Is Genba Walk practice used? [16]

In the process mapping (VSM), were 
environmental variables included? [13]

Is there a policy of reducing, reusing, and 
recycling (The 3Rs)? [4]

Is there an assessment of opportunities for 
improvement in the environmental aspects of the 
product in the various phases of its life cycle (Life 

Cycle Analysis - LCA)?

[2]

Does the company care about replacing the use of 
dangerous products in its processes, and in cases 

where substitution is not possible carrying out 
the control and monitoring?

[16]

The opinion of four Colombian specialists in the coffee 
sector was collected through an interview with the objective of 
identifying the main appropriate indicators for the productive 
sector under study, among all the indicators that were found in 
the literature review.

Discussion 
From the application of the search filters, 34 articles were 

obtained in Scopus, 10 in Science Direct, 27 in the Web of Science 
and no articles were found in Springer. To refine the search, the 
results were restricted to the research sub-areas: “Engineering”, 
“Business, Management and Accounting” and “Environmental 
Science” for the Scopus database and related sub-areas for the 
other databases. Reducing the number of articles to 29 in Scopus 

and without changing the quantities of the other databases.

To certify that all articles actually address the subject of 
interest in our research, the title and abstract of the remaining 66 
articles have been read. At this stage, 14 articles were excluded 
because they did not address the topic of our interest and 24 
articles were excluded because they were duplicated. We then 
attempted to download the remaining 28 articles, but from 7 it 
was not possible to get access to the full text, leaving 21 to be 
evaluated in more detail.

Through the detailed analysis of the 21 articles, we identified 
11 that indicate Lean and Green indicators. In these articles, 
we identified a set of 53 indicators, which were evaluated by a 
group of Colombian coffee specialists. The experts selected 18 
indicators, nine Lean (Waste per unit of production, Percentage 
of recycled raw material, Consumption of auxiliary materials, 
Consumption of raw material, Investments in new equipment, 
Number of employees in the production process, Cycle time, Labor 
productivity, and Number of customer complaints) and nine Green 
(Energy consumption, Water consumption, Initiatives to generate 
greater efficiency in the use of resources, Total expenditures 
and investments in environmental protection, Direct emissions 
(water and soil), Emission reduction, Environmental certification, 
Risks to employee health and safety, and CO2 emissions per unit 
produced). Each indicator has one or more variables to perform 
the calculation.

In addition to these 18 indicators pointed out by experts, two 
more are indicated, which evaluate both Lean and Green practices, 
OEEE (Overall Environmental Equipment Effectiveness) and CVE 
(Carbon-Value Efficiency).

The OEEE indicator is proposed by [17] to include the 
environmental variable to the variables originally measured by 
this indicator and to do the Lean/Green measurement. Then we 
multiply the variable sustainability by the other variables. This last 
variable is then obtained by dividing the environmental impact of 
the workstation by the total environmental impact of the initial 
state of production. The authors suggest other ways to measure 
sustainability that should be chosen according to the company’s 
preference.

The CVE is introduced by [12] and provides a means to evaluate 
the performance of the Lean and Green systems, integrating 
metrics derived from the implementation of both. This indicator 
tracks value-added time, a widely applicable metric derived from 
the Lean implementation, and the carbon footprint, which is also 
a widely known metric of Green implementation. The overall 
concept of CVE is to track the amount of value-added time created 
per carbon footprint unit.  It gives an indication of the proportion 
of value-added activities by environmental impact.

The 18 indicators (9 Lean and 9 Green) selected by the experts 
and the two indicators that measure Lean and Green together 
were organized in Table 3. 
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Table 3: Proposed indicators.

Indicator Concept Metric

Waste per unit of production Measures the waste per unit of production. Waste generated in one month (Kg)/Quantity 
produced in one month (Kg)

Percentage of recycled raw material
It measures the amount of raw material 

recycled in relation to the total of materials 
used.

(Total value of recycled materials used in one 
month ($)/Total value of materials used in one 

month ($)) *100

Consumption of auxiliary materials Measures the consumption of materials that are 
not used in the product.

Amount spent on auxiliary materials in one 
month ($) / Quantity produced in one month 

(Kg)

Consumption of raw material It measures the amount of raw material used in 
the processes.

Total amount spent on raw materials in one 
month ($) / Quantity produced in one month 

(Kg)

Investments in new equipment Measures the amount spent on new equipment 
for one year.

Amount invested in new equipment in one year 
($) / Farm size (ha)

Number of employees in the production process It measures the number of employees who are 
involved in the production process.

Number of employees directly involved in the 
production process / Farm size (ha)

Cycle time It measures the time elapsed from the 
beginning of a process to its end. Time required to produce a bag (Hours)

Labor productivity Measures employee productivity relative to 
quantity produced.

(Hours worked in a month * Number of 
employees) / Quantity Produced (Kg)

Number of customer complaints Measures the number of customer complaints. Customer complaints in a month / Quantity 
produced in one month (Kg)

OEEE (Overall Environmental Equipment 
Effectiveness)

Adds the sustainability variable to the overall 
equipment efficiency calculation.

OEEE= Availability (%) x Performance (%) x 
Quality (%) x Sustainability (%)

CVE (Carbon-Value Efficiency)  Tracks the amount of value-added time created 
per carbon footprint unit. Value added time/Total carbon footprint

Energy consumption It measures the energy consumption used per 
unit produced.

Power consumption in one month (KWh)/Units 
produced in one month (Kg)

Water consumption It measures the water consumption used in the 
processes for one month per unit produced. 

Water consumption in one month (m³)/Units 
produced in one month (Kg)

Initiatives to generate greater efficiency in the 
use of resources

Number of initiatives created to generate 
greater efficiency in the use of resources per 

year.

Number of initiatives to optimize resource use 
per year/Number of employees

Total expenditures and investments in 
environmental protection

Measures investments and spending on 
environmental protection.

Amount invested in environmental protection 
per year ($)/Size of farm (Ha)

Direct emissions (water and soil) It measures the amount of emissions per unit 
produced.

Total waste (solids and liquids) discarded in 
water and/or soil (Kg)/Quantity Produced (Kg)

Emission reduction Measures the reduction of CO2 emissions.
(CO2 produced in the last period (Ton.) - CO2 
produced in the current period (Ton.))/Farm 

size (ha)

Environmental certification It measures the score of the farm achieved in 
the environmental certification. Score achieved on last certification (%)

Risks to employee health and safety
Measures risks to the health and safety of 

employees through the number of hours not 
worked for health reasons.

(Number of hours not worked per health 
reason)/(Monthly load * Number of employees 

in the productive process)) *100

CO2 emissions per unit produced
It relates the amount of CO2 produced per 

production performed over a given period of 
time.

CO2 produced in one month (Ton.)/Units 
produced in one month (Kg)

The set of indicators defined by the experts was applied in 
18 companies in the coffee sector of Colombia and it was verified 
that only 6 companies in the total sample measure 50% or more of 
the suggested variables, which indicates lack of knowledge about 
production processes and indicators. It was observed that these 
companies do not carry out the monitoring with direct use of the 
indicators found in the literature. Only the variables that make up 

the indicators are measured. There is an attempt to control the 
processes, but knowledge for more efficient monitoring is still a 
practical gap in companies.

Conclusion
Through a literature review and expert opinion, key indicators 

were found to assess the Lean/Green synergy in the coffee sector. 
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Two indicators have been found that evaluate both Lean and Green 
practices, OEEE (Overall Environmental Equipment Effectiveness) 
and CVE (Carbon-Value Efficiency).

In addition to the indicators, a questionnaire was developed to 
find other relevant items. It was observed that although this sector 
uses Lean and Green practices and monitors important variables 
of the production process, it is still necessary to know more about 
these systems and about the use of appropriate indicators for this 
sector. This study sought to present support to develop a platform 
capable of monitoring the Lean and Green indicators in the coffee 
sector. This will allow you to analyze the maturity of the Lean/
Green synergy, digitize information and improve the internal flow 
of companies.
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