
 

 

 

 

Abstract. Understanding the methods of measuring sustainability 
requires merging various perspectives. As a scientific discipline 
sustainometrics has been proposed to satisfy the need to have a 
scientific approach to apply metrics to the improvement of 
environmental, societal and economical aspects of a given activity. 
This area of studies is beginning to be applied to analyze sustainable 
food manufacturing, and has a promising future as other fields like 
industrial ecology and ecological engineering advance. The objective 
of this presentation was to review some of the existing metrics that 
have been proposed to evaluate the sustainability of food 
manufacturing. An emphasis was placed in the metrics utilized to 
evaluate environmental impact, utilization of resources and 
management. 
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Introduction 

Increasing interest in a more sustainable food system, and food products, is the driving force in 
the advancement in the application of sustainability principles to food production and 
manufacturing. The transformation of the existing processes can be facilitated by a clear 
understanding of the various concepts, measurements, methods involved and professional 
interests. 

Sustainable food manufacturing has not been defined previously, but it can be explained with 
the definition of sustainable manufacturing which consists on “creating manufactured products 
by using processes that minimize negative environmental impacts, conserve energy and natural 
resources, are safe for employees, communities, and consumers while they are economically 
sound” (ITA, 2007). This definition focuses in the manufacturing step of the food supply chain, 
and it complements with the definitions of Sustainable Agriculture (Gold, 1999) and Sustainable 
Diets (FAO, 2010) who also call for nourishing human hunger and health, while protecting the 
environment and the economy of the people involved on food production, transformation and 
delivery. 

Because engineering principles complement nicely the design of manufacturing systems, it is 
interesting to observe the creation and advancement of new fields of study like sustainable and 
ecological engineering. Sustainable Engineering can be described as the generation of 
sustainable solutions utilizing engineering principles of process analysis, synthesis, evaluation 
and execution (IJSE, 2012), and Ecological Engineering as the design of sustainable 
ecosystems that integrate human society with its natural environment for the benefit of both 
(Mitsch, 2012). In short, Sustainable Engineering is based in the multi-disciplinary nature of the 
study of sustainability, and Ecological Engineering incorporates the human needs in the study of 
ecosystems creating a balanced systematic approach. 

The application of Ecological Engineering for the advancement of food manufacturing 
operations have a great potential, as eco-innovation has been identified as a facilitator of 
progress towards Industrial Ecology (OECD, 2009). Industrial ecology is closely related to the 
management of life cycles and supply chains, and has been considered to include 
understandings on physical material and energy flow management in the company’s natural 
environment (Seuring, 2004). 

It is well known that what can be measured can be improved; and metrics play an important role 
on advancing through the various stages of Sustainable Manufacturing. Because of this, an 
emerging scientific field called sustainometrics has been proposed, and has been defined as the 
study of measures and models of sustainable development, including: status quo, 
benchmarking, best practices and progress (Todorov & Marinova, 2009). An additional set of 
metrics have been developed around the concept of industrial ecology (Seager & Theis, 2004) 
and environmental management (Henri & Journeault, 2008). While environmental metrics have 
advanced with the assistance of accounting techniques (Burritt & Saka, 2006), the 
understanding of sustainability metrics is relevant to engineers as engineering is a profession 
that applies skills and knowledge to develop metrology and standards (Rachuri et al., 2011). 

Considering this existing knowledge the objective of this review was to compile and present 
some of the metrics that have been proposed to evaluate the sustainability of food 
manufacturing. An emphasis was placed in the metrics utilized to evaluate environmental impact 
utilization of resources and management. 



 

 

 

Use of metrics  

Functionality 

There is a diversity of perspectives on the appropriate procedure to select sustainability metrics 
for the food industry (Anstey, 2010). A company’s criteria may depend on several factors, 
including complying with standards, matching the enterprise vision, managing risks and threats, 
or what is needed for public reporting. For most of these purposes there are continual 
improvement methodologies and tools that can be used to facilitate the process. These include 
Six Sigma (Karthi et al. 2012), Sustainability Balanced Scorecards (Möller & Schaltegger, 2005) 
and Failure Mode and Effects Analysis (Duckworth & Moore, 2010). 

A recent study analyzed the corporate use of metrics and observed that because of an growing 
demand from investors companies are giving more importance to environmental, social and 
governance (ESG), and environmental health and safety (EHS) information, and this is viewed 
as a risk mitigation approach rather than value creation perspective (IRRC, 2012).While this 
sounds like a very defensive approach, a study of the application of Environmental Performance 
Indicators (EPI) observed that companies use this type of indicators to monitor compliance with 

policies and regulations, motivate continuous improvement, to provide data for decision making, 
and to provide data for external reporting (Henri & Journeault, 2008). 

Levels  and Scope 

Depending on the final use of the metrics, the measurement system may involve several levels 
of estimations. For example, in their paper, Gerbens-Leenes et al. (2003) reviewed the 
environmental sustainability indicators of food production at the local, regional, and global levels 
and considered processes at the company, chain and web levels in their model. 

Understanding the various levels of metrics is also utilized for the implementation of continual 
improvement methodologies and tools, like life cycle assessment (LCA), which helps in 
evaluating the environmental impacts in the supply chain level (EPA, 2006), and lean 
manufacturing, which is generally utilized to reduce wastes at the process level (EPA, 2007). 

Global metrics are useful to assist decision-makers to adjust and or create policies that shape 
the direction of sectors. Operation level metrics are useful to compare and improve equipment 
in certain areas like energy and water usage. This is also considered when selecting walk-
through or detailed audits, and it has been suggested that novel food processing equipment can 
be improved by comparing the energy consumed with the energy utilized (Rodriguez-Gonzalez, 
2012, Rodriguez-Gonzalez et al., 2012). 

Figure 1 illustrates the different levels of measurement, and how the information flows towards 
global metrics for analysis and towards tasks for improvement. It is also exemplified that not all 
the tasks result in the same intensity at the operation level, neither all the systems contribute in 
similar amounts to the sector. 
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Figure 1. Illustration of the levels of sustainability measurement 

 

Indexes 

Company Sustainability Index 

With the purpose of facilitating investor’s decisions when comparing companies, a global 
sustainability indicator was created, and is called the Dow Jones Sustainability Index (DJSI). In 

addition to the environmental component, this indicator considers information of social and 
economic aspects of enterprise management. It is estimated based on stock exchange/trading 
systems and information obtained from regulatory agencies and companies, and uses a 
calculation model to determine the company score, which is complemented with a sustainability 
profile (DJSI, 2011). As can be expected, this index also assists corporate managers in directing 
the policies of their companies. 

Environmental Disclosure Index 

It is understood that disclosing Environmental and Safety (E&S) metrics to the public is 
voluntary, and not all the companies are interested in disclosing information. For example, the 
IRRC (2012) observed that two third of their survey respondents (n=72) disclose half or more of 
their E&S metrics, and that 27 percent of the largest firms disclose GHG emissions. It is also 
known that the accepted reporting guidelines are managed by the Global Reporting Initiative 
(GRI) who develops guidance for various sectors, including food processing (GRI, 2011). 

Based on this knowledge, and the GRI structure, Clarkson et al. (2008) developed an 
Environmental Disclosure Index (EDI), to assess the quality of the disclosure of environmental 
information by utilizing a points-based raking system that place a high value on the disclosure of 
environmental performance indicators (60 of 95 points), which are considered part of the hard 
disclosure items whose weight is 79 of 95 points. This index is useful to compare companies 
and to develop advanced econometric analysis like the one developed in their study. 



 

 

 

Product Sustainability Index 

To assist consumers, a product sustainability index (PSI) has been proposed. The PSI considers 

the whole life cycle of the product, and consists in a pooling of the ratings of influential factors 
(IF) in environmental (en), societal (so) and economical (ec) components, through the pre-
manufacturing (pm), manufacturing (m), use (u) and post-use (pu) stages of the product life cycle 
(Jayal et al. 2010). A PSI can be estimated at each manufacturing stage, and its analysis can be 

facilitated by utilizing a matrix where the sustainability components are matched with the life 
cycle stages (Jayal et al. 2010). Equations 1 to 4 illustrate the calculations. 
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Parallel to this development, the Sustainability Consortium, which includes Wal-mart Stores, 
Inc., is conducting research on developing a sustainability index for their products, and the first 
steps include developing scorecards for the various categories (Wal-Mart, 2012). 

 

Indicators 

Emissions 

A commonly accepted measurement of a product environmental impact is the Carbon Footprint, 
which is considered as the sum of the Greenhouse Gases (GHG) emissions from all the 
gaseous substances for whose the Inter-governmental Panel on Climate Change has defined 
their global warming potential, it is measured through a product life cycle, and is expressed in 
mass based CO2 equivalents (IDF, 2010). Globally, the Greenhouse Gas Protocol Initiative has 
been created to develop and promote GHG related standards (WBCSD & WRI, 2004), and 
locally government agencies like the Environmental Protection Agency (EPA) facilitate its use by 
creating tools that ease their calculations (EPA, 2011). The general sequence to perform the 
calculations is to measure direct, indirect and optional sources of emissions and convert these 
quantities to CO2 equivalents by converting these values with their respective factor. 

From a food manufacturing perspective it is important to understand this metric as it facilitates 
managing an important aspect of the environmental impact of its operations. At the same time it 
facilitates the comparison and creation of environmentally friendly products (Cederberg & 
Mattsson, 2000), assists in the optimization of continual improvement initiatives like the 
application of the lean and green methodology, and the external reporting of progress towards 
sustainability (King & Lenox, 2001). 



 

 

 

Energy Performance 

To facilitate benchmarking of energy use in food processing plants an energy performance 
indicator (EnPI) was created by the Energy Star Program. The calculations consider some plant-

level inputs including the amounts and costs of electricity, gas, distillate oil, residual oil, coal and 
other energy sources to compare the current plant to a reference plant, and the methodology 
utilizes a stochastic frontier analysis to estimate the lowest observed plant energy use and to 
provide a distribution of energy efficiency in the given industry sector (Boyd et al., 2008). At this 
time calculation tools has been created for frozen fried potatoes, juice processing, tomato 
products, cookies and crackers (Boyd, 2011). 

The EnPI calculated utilizing the Energy Star methodology can be utilized to motivate continual 
improvement similar to the Energy Performance Indicators (EnPIs) required by Energy 
Management Standards. The advantage of utilizing the EnPIs is that an energy profile can be 

created to facilitate tracking progress and focusing on constrains for improvement (McKane et 
al. 2009). 

Eco-Efficiency 

Burritt & Saka (2006) analyzed the definition of efficiency at its basic form as a multidimensional 
concept that expresses the ratio between the measure of output and a measure of input. The 
authors also reviewed that efficiency can take the shape of Economic Efficiency when measures 
of profitability are accounted on its calculations, or Technical Efficiency when measures of 
productivity are considered. In relation to environmental metrics, two major groups of 
efficiencies can be identified: Ecological Efficiency (or the relationship between a measure of 
output and a measure of environmental impact) and eco-efficiency (or the ratio between the 
monetary value and the environmental impact). Equations 5 to 7 illustrate these definitions. 

InputOutputE            Eq. 5 
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EIValueEEco            Eq. 7 

This advanced analysis of economic and environmental efficiency can be useful to compare 
materials, operations, finished products and projects. A set of plant-level eco-efficiency 
indicators have been proposed for the food and beverage industry, and include energy use, 
emissions, water use, residues and packaging waste (Maxime et al., 2006, Marcotte et al. 
2011), and parallel to this, methodologies to analyze eco-efficiency have also been created 
(BASF, 2009). 

 

 

 



 

 

 

Managing Single Metrics 

As reviewed previously, environmental metrics can be grouped based on their functionality, and 
two major groupings were suggested by Henri & Journeault (2008): 1) Financial and Non-
financial, or 2) based on ISO 14001 guidelines as Environmental Condition Indicators (ECI), 
Operational Performance Indicators (OPI), and Management Performance Indicators (MPI). The 

usability of the second grouping of metrics can be related to measuring environmental impact to 
mitigate risks, measuring performance to increase efficiency, and managing policy to direct the 
enterprise. 

When Seager & Theis (2004) analyzed metrics from an industrial ecology perspective, six 
categories of metrics were suggested: financial (cost of environmental impact), thermodynamic 
(resource consumption), environmental (environmental loadings or residuals), ecological 
(effects of human intervention on natural systems), socio-political (political/ethical goals and 
collaborative relationships) and aggregated (combined metrics that consider one or several 
categories). Most of these metrics have been reviewed by authors in other fields of study, but a 
few like Apaiah et al. (2006) have proposed ecological and thermodynamic metrics to assess 
sustainability in the food system. 

From a resource perspective, energy, materials, water, land, air and biodiversity are of 
importance. The quantities and types of resources utilized will depend on the food produced and 
manufactured, as well as the production system utilized. Therefore, an increase in the study of 
metrics related to the analysis of these elements is expected. As information gathering methods 
and tools continue to advance in accuracy, precision and cost, other supporting technologies 
like environmental accounting systems and environmental management systems will need to 
evolve in compatibility to integrate data collection and data analysis with enterprise resource 
planning and accounting (Möller & Schaltegger, 2005). 

 

Conclusion 

In conclusion, the quantitative analysis of sustainability has a great potential as a tool to assist 
food manufacturers in their progress to create an industry that is more ecologically friendly. 
Some Indexes, profiles, and impact metrics can affect the decision making of shareholders and 
stakeholders. Other indicators can be used at the plant and process level to improve energy use 
and analyze efficiencies. Additionally, emerging metrics and analytical techniques can be useful 
to imitate nature and creating more efficient food manufacturing systems. Overall, this will 
require the advancement on information collection, analysis and management as well as 
integrating the knowledge of various disciplines like informatics, accounting and engineering. 
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Nomenclature 

 

E Efficiency 

E&S Environmental and Safety 

ec Economic Component 

ECI Environmental Condition Indicator 

EDI Environmental Disclosure Index 

EEco Eco-Efficiency 

EEcol Ecological Efficiency 

EHS Environmental Health and Safety 

EI Environmental Impact 

en Environmental Component 

EnPI Energy Performance Indicator (benchmark) 

EnPIs Energy Performance Indicators (standards) 

EPI Environmental Performance Indicator 

ESG Environmental, Social and Governance 

GHG Greenhouse Gas Emissions 

GRI Global Reporting Initiative  

IF Influencing Factor 

LCA Life Cycle Assessment 

m Manufacturing Stage 

MPI Management Performance Indicators 

n Number of Influencing Factors 

OPI Operational Performance Indicators 

pm Pre-manufacturing Stage 

PSI Product Sustainability Index 

pu Post-use Stage 

so Social Component 

u Use Stage 
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