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Terms and definitions 

Packaging constituent: a packaging element that cannot be easily separated from the 

rest of the packaging, for example, a sealing layer in a laminated film. 

Packaging component: part of packaging that can be separated by hand or by using 

simple physical means (EN 13427), for example, a packaging film. 

Sales packaging or primary packaging: packaging conceived so as to constitute a sales 

unit to the final user or consumer at the point of purchase. 

Grouped packaging or secondary packaging: packaging conceived so as to constitute at 

the point of purchase a grouping of a certain number of sales units whether the latter is 

sold as such to the final user or consumer or whether it serves only as a means to 

replenish the shelves at the point of sale; it can be removed from the product without 

affecting its characteristics. 

Transport packaging or tertiary packaging: packaging conceived so as to facilitate 

handling and transport of a number of sales units or grouped packaging in order to 

prevent physical handling and transport damage. Transport packaging does not include 

road, rail, ship and air containers. 

Packaging system: consists of primary, secondary and tertiary packaging.  

Functional unit:  The functional unit is the quantified performance of a product system 

for use as a reference unit in a life cycle assessment study. Depending on the point at 

which LCA information is exchanged in the supply chain the functional unit will change. 

For a material supplier providing plastic pellets to a converter a typical functional unit 

would be kg of pellets delivered to the customer. For a converter supplying packaging 

film to a customer the functional unit could be surface of a film with specified 

performance (m
2
) delivered to the customer, whereas for a brand owner or a retailer a 

functional unit could be number of servings in the case of a food product and in the case 

of a detergent number of washing cycles or a weight of clothes washed or soil removed.    
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Environmental – Attribute Indicators/Metrics 

Introduction 

An attribute is an indicator that provides partial and/or indirect information with 

respect to the environmental performance of packaging across their life cycle. An 

attribute can provide quantitative or qualitative information about an individual life 

cycle step or operation in the packaging life cycle or a qualitative piece of information 

related to the management of operations or the supply chain. Many attributes are 

indispensable pieces of information required for the preparation of a comprehensive 

life cycle assessment of packaging. 

It is important to note that attributes provide information, but not assessment. They do 

not necessarily indicate positive or negative environmental consequences and have to 

be used in connection with life cycle indicators and other attributes. Their validity 

depends on the specific case at hand. Some metrics are not valid for all applications.  

Generally these metrics have to be used and interpreted depending on the specific 

business case to be supported. 

Several of the environmental attributes are based on ISO standards and European 

Standards (EN 13427 – 13432) linked to the European Packaging and Packaging Waste 

Directive which are currently serving as a base for work within ISO on standards for 

packaging and the environment. A Guide to using these standards has been published 

by EUROPEN, The European Organization for Packaging and Environment. 
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Packaging Weight 

Includes primary, secondary and transport packaging, including shrink wraps & slip 

sheets, but not pallets.  

Definition 

The weight and identity of a packaging constituent, component or system which 

changes hands in the supply chain.   

Metric 

Weight per packaging constituent, component or system, as described by minimum 

adequate packaging weight according to EN 13427 and EN 13428. 

Examples 

1. Proof of minimum adequate packaging weight (yes / no) 

2. Packaging weight 

o Kilograms / packaging constituent 

o Kilograms / packaging component 

o Kilograms / packaging system 

What to Measure  

Determine the weight of packaging constituents, components or packaging systems 

which change hands in the packaging supply chain.  

As per EN 1327 - 13428, determine and substantiate any single performance criterion 

that prevents further reduction in quantity of the materials used. Performance criteria 

include: product protection, packaging manufacturing process, packing/filling process, 

logistics, product presentation and marketing user/consumer acceptance, information, 

safety, legislation, other (specify).    

What not to Measure  

Do not include scrap weight. 

Total Material Input 

Definition 

The mass of all input materials used to produce materials, packaging constituents, 

packaging components or units of packaging.   

Metric 

Mass of all input materials used in the production of packaging per packaging 

constituent, component, or system. 

Examples 

• Metric tons / metric tons of packaging component 

• Kilograms / 1000 packaging components 

• Kilograms / packaging component 
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• Kilograms / packaging system 

What to Measure  

Measure all materials that are used as an input during the production of packaging 

constituents, packaging components or packaging system. 

What not to Measure  

Do not include process scrap material (see material waste indicator/metric). Do not 

measure processing chemicals, formulations or solvents required to facilitate 

production. 

Packaging Weight Reduction 

Definition 

The reduction in materials used in a packaging component resulting from design or 

material innovation. 

Metric 

 Mass reduction in material use per packaging component, expressed in % weight or in 

weight with reference to the material constituent or packaging component for which 

weight has been reduced. 

Examples 

• Kilograms / packaging component 

• Kilograms / packaging system 

• % weight / packaging component 

• % weight / packaging system  

What to Measure 

Determine weight of the packaging items to be compared according to the protocols 

indicated for “Packaging weight”. The weight reduction achieved between the old and 

new packaging component, or system.  

Packaging to Product Weight Ratio 

Definition 

The ratio of packaging material used to amount of product or functional unit
1 

delivered. 

Metric 

Mass of packaging materials used per functional unit. 

Examples 

• Kilograms packaging material / kilograms product 

                                                             

1 “Functional unit” refers, for example, to the number of loads of laundry that can be washed per unit of packaged laundry detergent or 

the number of servings of juice that can be prepared from a package of juice concentrate. 
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• Kilogram packaging material / consumer use 

What to Measure 

Calculate the total weight of the materials used in the packaging, and then determine 

the ratio to the mass of product or amount of product service delivered.  This 

measurement should only be communicated taking all components in a packaging 

system into account in order to avoid hiding the shifting of weight between packaging 

levels, i.e., between primary, secondary and tertiary packaging.   

What not to Measure 

Do not include process scrap material. Do not measure processing chemicals, 

formulations or solvents. 

Material Waste 

Definition 

The mass of material waste generated during the production and extraction of raw 

material and the production and transport of packaging materials, packaging 

constituents, packaging components or packaging systems. 

Metric 

Mass per packaging constituent, packaging component, or packaging system.  

Examples 

• Kilograms / kilogram of packaging constituent 

• Kilograms / packaging constituent 

• Kilograms / kilogram of packaging component 

• Kilograms / packaging component 

• Metric tons / year (based on production rate) 

What to Measure 

Material destined for landfill and final disposal only. Measurement should include the 

scrap, unwanted surplus material, unwanted by-products and broken, contaminated or 

otherwise spoiled material associated with the growth, extraction and processing of raw 

materials, processing of recycled or reused materials, production of final packaging 

materials, conversion of packaging materials into packaging components, assembly of 

packaging components into units of packaging, filling of packaging units and the 

transport of raw, recycled, reused or final packaging materials, packaging components, 

units of packaging or packaging systems. 

What not to Measure 

N/A 
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Virgin Material Content 

Definition 

The ratio of virgin material used to total material used in packaging constituents, 

packaging components, or packaging systems. 

Metric 

Percent of total material used that is virgin material per packaging constituent, 

packaging component, or packaging systems. 

Examples 

• % of total material used / metric tons of packaging component 

• % of total material used / 1000 units of packaging 

• % of total material used / year (based on production rate) 

What to Measure 

Measure all virgin materials used in packaging materials, packaging constituents, 

packaging components, or packaging systems. 

What not to Measure 

Do not include process scrap material (see material waste indicator/metric). 

 

Recycled Content 

Definition 

The ratio of recycled material to total material used in packaging constituents, 

packaging components, or packaging systems. For certain materials such as glass, steel 

and aluminium, all incoming material destined for recycling is introduced in the material 

manufacturing process as recycled content does not sensibly change the properties of 

the material itself. The recycled content will therefore vary over time as a function of 

supply of recycled material and demand for the material in question. Therefore, these 

industries argue that it makes more sense to refer to recycling rates than recycled 

content.  

Metric 

Percent recycled material of total quantity of material used per packaging constituent, 

packaging component or packaging system. Pre-consumer and post-consumer recycled 

content shall be specified separately. 

Examples 

• % recycled content / packaging constituent 

• % recycled content / packaging component 

• % recycled content / packaging system 
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What to Measure 

Measure post consumer recycled material and pre-consumer (recycled material which 

cannot be used in the process generating the material) as per ISO 14021. For additional 

guidance, refer to standard ISO 14021. 

Renewable Content 

Definition 

The ratio of renewable material used to total material used in packaging constituents, 

components, units of packaging or packaging systems. Renewable resources are 

resources capable of being continuously renewed or replaced through such processes as 

organic reproduction and cultivation such as those practiced in agriculture, animal 

husbandry, forestry and fisheries (European Environmental Agency). “Renewable 

resources,” according to the U.S. Environmental Protection Agency (EPA), are natural 

resources that can be remade, re-grown or regenerated in a relatively short period of 

time. Examples of renewable resources are plants and trees from agriculture and 

forestry. 

Metric 

For bioplastics: The ratio of renewable carbon to total carbon content of a bioplastic per 

unit weight of packaging material, packaging constituent, or packaging component. 

For materials widely recognized as renewable: Weight ratio of material widely 

recognized as renewable used to total material weight per unit weight of packaging 

material, packaging constituent, or packaging component. 

For material combinations in packaging components: Weight ratio of renewable to total 

weight of packaging component or packaging system.  

Examples 

For bioplastics: 

• % renewable carbon to total carbon / packaging component 

• % renewable carbon to total carbon / packaging system 

For materials widely recognized as renewable & material combinations:  

• % of total material used / packaging component   

• % of total  material used / packaging system 

What to Measure 

For bioplastics measure renewable carbon content as per ASTM D6866. 

For materials widely recognized as renewable and combinations of bioplastics measure 

renewable content as percent by weight of total material used as per the pending 

revision of  ISO  14021.  
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What not to Measure 

Do not include process scrap material (see material waste indicator/metric). Do not 

include any bio-based material that is sourced from a non-renewable natural resource. 

Chain of Custody 

Definition 

The linked set of organizations, from point of harvest or extraction to point of purchase, 

that have held legal ownership or physical control of raw materials used in materials, 

packaging constituents, packaging components, or packaging systems. 

Metric 

Unknown, known or sourced-certified. 

Examples 

• Unknown 

• Known 

• Source-certified 

What to Measure 

Chain of custody should be tracked when supply chain reliability is questionable and 

where greater transparency is required. The chain of custody will be deemed “known” if 

each party in the supply chain is under contractual obligation and is able to disclose 

proof of their material source(s) through purchasing agreements, inventory records, etc. 

For additional guidance, refer to any relevant source certification system protocols, such 

as the Forest Stewardship Council (FSC) guidelines, SFI and PEFC.  Although at this time 

certification schemes exist primarily for forestry, this metric applies to any raw material 

used for packaging.  

What not to Measure 

Chain of custody may not be applicable to many materials sold on commodities market 

commodity materials (outside of fiber based). The custody of most commodities cannot 

be traced because the material is bought and sold on the open market, not in a 

traceable chain from one extractor to a known raw material processor or to a known 

material manufacturer. 

Toxicants2 Concentration3 

Definition 

The mass of toxicants present in packaging materials, packaging components, units of 

packaging or packaging systems. 

                                                             

2
 Toxicants include PBTs and CMRs. 

3
 Consult references cited in Key Terminology for information related to toxicant concentration thresholds. 
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Metric 

Mass per packaging constituent, packaging component, or packaging systems 

(measured separately for each toxicant). 

Examples 

• ppm in final packaging material 

• milligrams / kilograms of final packaging material 

• kilograms / 1000 units of packaging 

• % by weight / packaging component 

What to Measure 

Measurement should include all toxicants that are material ingredients of final 

packaging materials, packaging constituents, components, or packaging systems. It 

should also include measurement of residual contamination toxicants that may remain 

on the packaging that may result from the use of toxicants in final production or 

handling processes. Measurements should include all toxicants included in the EU “N” 

List and disclose which chemicals are also on the REACH SVHC list. For additional 

guidance, refer to standards EN 13428:2004, EN 13427:2004; CEN CR 13695-1 and CEN 

CR 13695-2. 

What not to Measure 

Measurement should not include process chemicals, formulations or solvents, used in 

processing or production functions. 

Water Used From Stressed Sources 

Definition 

The volume of water that is drawn from “stressed watersheds” (for exact determination 

of these watersheds see below in “what to measure”) and used during the sourcing of 

raw, recycled and reused materials and the production, filling and/or disposal of 

packaging materials, packaging components, units of packaging. In this context, water 

stress (or water scarcity) represents a situation of imbalance between the human fresh 

water demand/withdrawal rate and the watershed’s actual fresh water availability for 

intact ecosystem and societal functions.  

Metric 

Volume per functional unit of final packaging material, packaging components, units of 

packaging, or time. 

Examples 

• Cubic meters / metric ton of final packaging material 

• Liters / 1000 units of packaging 

• Cubic meters / year (based on annual production rate) 

What to Measure 

Measure all water mechanically diverted from a stressed watershed as per relevant 

water scarcity maps — whether the water is “used” or “consumed” — during the 
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cultivation harvest or extraction and processing of raw materials, processing of recycled 

or reused materials, production of final packaging materials, conversion of final 

packaging materials into packaging components, assembly of packaging components 

into packaging units, filling of packaging units and end-of-life processing of packaging.  

The Global Water Tool, based on several independent sources, provides a global water 

scarcity mapping function for the identification of production activities occurring in 

stressed or scarce watersheds (in this tool water stress/scarcity is expressed as fresh 

water availability per capita). 

http://www.wbcsd.org/templates/TemplateWBCSD5/layout.asp?type=p&MenuId=MTU

xNQ&doOpen=1&ClickMenu=LeftMenu=LeftMenu    

The ETH Water Scarcity Index provides a Google Earth map of water scarcity expressed 

as fresh water withdrawal versus fresh water availability. 

  http://www.ifu.ethz.ch/staff/stpfiste/index_EN  

What not to Measure 

Do not measure water used during hydropower production. 

Environmental Management System (EMS) Use 

Definition 

An EMS is in place for all operations related to the sourcing of raw, recycled and reused 

materials and the production, filling and transport of packaging materials, packaging 

constituents, packaging components, or packaging systems. 

Metric 

Yes with substantiating documentation or No. Or, number of suppliers with 

documented EMS based on total number of suppliers. 

Example 

• Yes with substantiating documentation 

• No 

• Number of suppliers with documented EMS / total number of suppliers 

What to Measure 

Refer to ISO standard 14001, EMAS or other relevant standards 

What not to Measure 

N/A 
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Energy Audit 

Definition 

An annual energy audit is conducted of all operations related to the sourcing of raw, 

recycled and reused materials and the production, filling and transport of packaging 

materials, packaging components or units of packaging. 

Metric 

Yes with substantiating documentation or No. Or number of suppliers with documented 

audits based on total number of suppliers. 

Example 

• Yes with substantiating documentation 

• No 

• No. suppliers with documented EMS / total no. suppliers 

What to Measure 

Refer to ISO standard 16001 or other relevant standards or recognized protocol.  

What not to Measure 

N/A 

Packaging Recycling Rate 

Definition 

The mass of recyclable packaging discarded from all sources (commercial and 

residential) that is collected for recycling and is recycled based on relevant waste 

management statistics. 

1. Technical recyclability: (EN 13427 + EN 13430) 

2. Reach: (ISO 14021) “The collection, sorting and delivery systems to transfer the 

materials from the source to the recycling facility are conveniently available to a 

reasonable proportion of the purchasers, potential purchasers and users of the 

product”. 

3. Existence of recycling facilities capable of accommodating the collected 

material (capacity) (ISO 14021). 

4. Evidence of collection and recycling: Evidence that the product for which the 

claim is made is being collected and recycled (ISO 14021).  

5. Recycling rate: expressed as % of total packaging weight put on the market or 

mass as expressed by rate x mass of packaging put on the market. 

Metric 

1. Recyclable – Yes, meeting criterias 1-4 or No. 

2. Material recycling rate (%) as per 5 or material recycling rate multiplied by mass 

of packaging placed on the market (by packaging component). 

Example 

1. Yes or No 
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2. Recycling rate x metric tons of packaging produced or used 

What to Measure 

Determine if packaging conforms to definition of recyclability per EN 13430 and/or U.S. 

FTC Green Guides and to required availability of recycling infrastructure (reach) per ISO 

14021 and/or U.S. FTC Green Guides.  If packaging is deemed recyclable per referenced 

standards/guidelines, measure each type of packaging produced and/or used for which 

national waste management recycling rates exist.  Note that depending upon the 

packaging (type, shape, size, color) true recycling rates might not coincide with national 

recycling rates by material category.  

What not to Measure 

N/A 

Packaging Composting Rate 

Definition 

The mass of compostable packaging discarded from all sources (commercial and 

residential) that is collected for composting and composted based on relevant waste 

management statistics. 

1. Technical compostability: (EN 13427 + EN 13432, ASTM D6400 – 04, ASTM 

D6868 - 03, ISO 14855-1 or other pertinent standards) 

2. Reach as per ISO 14021 (see recycling rate). 

3. Existence of composting facilities capable of accommodating the collected 

material (capacity). 

4. Evidence of collection and composting: Evidence that the product for which the 

claim is made is being collected and composted. 

5. Composting rate: expressed as % of total packaging weight put on the market 

or mass as expressed by rate x mass of packaging put on the market.   

Metric 

1. Compostability – Yes as per 1-4 or No 

2. Material composting rate (%) or rate multiplied by mass of packaging placed on 

the market (by packaging material type). 

Example 

1. Compostability – Yes or No 

2. Material composting rate (%) or rate multiplied by mass of packaging placed on 

the market (by packaging material type). 

What to Measure 

Determine if packaging conforms to definition of compostability per prevailing 

compostability testing standards mentioned in the indicator definition, and to required 

availability of composting infrastructure (reach) per ISO 14021 and/or U.S. FTC Green 

Guides. If packaging is deemed compostable per referenced standards/guidelines, 

measure each type of packaging produced and/or used for which national waste 

management composting rates exist.   
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What not to Measure 

N/A 

Packaging Reuse Rate 

Definition 

Packaging that has been conceived and designed to accomplish within its life cycle a 

certain number of trips, rotations or uses for the same purpose for which it was 

conceived. 

1. Technical reusability according to EN-13427 and EN 13429. 

2. Reach: facilities or products exist that allow the purchaser to reuse or refill the 

product or package.  

3. Existence of refurbishing facilities capable of accommodating items collected 

for reuse.  

4. Evidence of collection and reuse. 

5. Re-use rate        

Metric 

1. Reusable – Yes or No according to EN-13427 and EN 13429. 

2. Rate expressed as number of cycles, top-up rates or loss rates in steady-state 

operation of reuse scheme. 

Example 

1. Yes or No 

2. Reuse rate 

o % loss per cycle of re-use 

o Top up rate (%) 

o Number of cycles prior to withdrawal for use and recovery 

What to Measure 

Determine if packaging conforms to definition of reusability per EN 13429 and/or U.S. 

FTC Green Guides. If packaging is deemed reusable per referenced standards and 

guidelines, measure all reused packaging components or packaging units. This metric 

can be used for primary, secondary and tertiary packaging.  

What not to Measure 

N/A 

Packaging Energy Recovery Rate 

Definition 

Packaging materials which are combustible and have a calorific value allowing a net 

calorific gain in incineration processes. 
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1. Technical recoverability through energy recovery: Packaging is deemed to have 

energy recovery value based on minimum inferior calorific value per EN 13431 

and ISO 1928. 

2. Reach: (as per other recovery methods) 

3. Rate: Mass or percent of packaging placed on the market that is recovered and 

used for energy generation based on national waste management statistics. 

Metric 

1. Energy Recoverable – Yes or No. 

2. Percent of packaging waste recovered through energy recovery 

Example 

1. Yes or No 

2. % of packaging placed on market recovered through energy recovery 

What to Measure 

Determine if packaging conforms to criteria for energy recovery per EN 13431 and ISO 

1920 and appropriate infrastructure is available.  If packaging is deemed to have energy 

recovery value and appropriate infrastructure exists, use national waste management 

statistics. If data is available, measure by material type. Organization-specific data may 

be used if it is documented and third-party verified. 

What not to Measure 

N/A 

Packaging Landfill Rate 

Definition 

The mass of packaging from all sources (commercial and residential) that goes to landfill 

based on national waste management statistics. Inversely, landfill rate can be the 

proportion of packaging placed on the market which is not diverted from landfill 

through a recognised recovery operation. 

Metric 

Packaging component or system landfill rate (%), or rate (%) multiplied by mass of 

packaging placed on the market (by packaging material type). 

Example 

1. Landfill rate (%) = 100 – (% recycled + % incinerated with heat recovery + 

composted) 

2. Landfill mass (kg) = Landfill rate (%) x mass of packaging component 

What to Measure 

Measure each type of packaging component produced and/or used based on national 

waste management landfill rates. 

What not to Measure 

N/A 
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Selling Unit Cube Efficiency 

Definition 

Cube Utilization (CU) is the overall volumetric measurement of packaging design 

efficiency. Selling Unit Cube Utilization is abbreviated as SUCU. SUCU is the ratio of 

product volume to selling unit volume.  

Metric 

Volume of packaged product divided by volume of packaging used to display and sell 

the packaged product to a consumer. 

Example 

• cm3 of packaged product ÷ cm3 of packaging 

What to Measure 

Use Walmart packaging scorecard methodology (Annex 1).  

What not to Measure 

Do not include tertiary or transport packaging, the cube efficiency of which is measured 

through the Transport Packaging Cube Efficiency indicator. 

Transport Packaging Cube Efficiency 

Definition 

Transport cube utilization is equal to volume of all selling units divided by volume of 

transport unit (usually a pallet). 

Metric 

Volume of total selling unit packaging divided by volume of transport unit packaging. 

Example 

• cm3 of total selling unit packaging ÷ cm3 of pallet load. 

What to Measure 

Use Walmart packaging scorecard methodology (Annex 1).  

What not to Measure 

N/A 

References :  Environmental – Attribute Indicators/Metrics 

• A Practical Guide to using the CEN Standards – Essential Requirements for 

Packaging in Europe, EUROPEN, 2005 (http://www.europen.be/). 

• EN 13427:2004 Packaging- Requirements for the use of European Standards in 

the field of packaging and packaging waste. 

• EN 13428:2004 Packaging – Requirements specific to manufacturing and 

composition – Prevention by source reduction. 
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• CEN/CR 13695-1:2004 Packaging - Requirements for measuring and verifying 

the four heavy metals and other dangerous substances present in packaging 

and their release into the environment - Part 1: Requirements for measuring 

and verifying the four heavy metals present in packaging. 

• CEN/CR 13695-2:2004 Packaging – Requirements for measuring and verifying 

heavy metals and other dangerous substances present in packaging, and their 

release into the environment – Part 2: Requirements for measuring and 

verifying dangerous substances present in packaging and their release into the 

environment. 

• EN 13429:2004 Packaging – Reuse. 

• EN 13230:2004 Packaging – Requirements for packaging recoverable by 

material recycling.  

• EN 13231:2004 Packaging – Requirements for packaging recoverable in the form 

of energy recovery, including specification of minimum inferior calorific value.  

• EN 13232:2000 Packaging – Requirements for packaging recoverable through 

composting and biodegradation – Test scheme and evaluation criteria for the 

final acceptance of packaging. 

• ISO 14021:1999 Environmental labels and declarations – Self-declared 

environmental claims (Type II environmental labelling).  

• ISO 14855-1:2005 Determination of the ultimate aerobic biodegradability of 

plastic materials under controlled composting conditions — Method by analysis 

of evolved carbon dioxide — Part 1: General method. 

• ASTM D6400 – 04 Standard Specification for Compostable Plastics. 

• ASTM D6868 – 03 Standard Specification for Biodegradable Plastics Used as 

Coatings on Paper and Other Compostable Substrates. 

• ISO 14001:2004 Environmental management systems -- Requirements with 

guidance for use. 

• The EU Eco-Management and Audit Scheme (EMAS) 

(http://ec.europa.eu/environment/emas/index_en.htm). 

• Electronic Code of Federal Regulations, Title 16 – Commercial Practices, Chapter 

1 – Federal Trade Commission, Subchapter B – Guides and Trade Practice Rules, 

Part 260—Guides for the Use of Environmental Marketing Claims. 
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Environmental – Life Cycle Indicators/Metrics 
 

 

Introduction to Life Cycle Assessment 

Life Cycle Assessment (LCA) is a multi-criteria methodology to quantify the 

environmental impacts associated with the life-cycle of a good or service, from the 

extraction of the product’s raw material to its final disposal after use. Concretely, all life 

cycle emissions, resource consumptions and other environmental interventions are 

assessed for a set of relevant impact indicators, providing a full picture of the product’s 

environmental performance. The LCA methodology and principles were standardized in 

recent years through the ISO 14040/44:2006 norm series, which ensures LCA studies of 

high quality and transparency. 

According to ISO 14040, a LCA shall include the following phases: definition of goal and 

scope, inventory analysis, impact assessment and interpretation of results, as illustrated 

in figure 1, below. 

 

The specific criteria that have to be met concerning each individual phase are clearly 

described in the ISO 1040 and ISO 14044 standards. Further guidance can be found in 

the ILCD Handbook. Packaging-specific life cycle assessment guidance can be found in 

CEN CR 13910:2000 and the future revision CEN CR 13910:2010. 

The following issues require particular attention:  

Goal and Scope 

General considerations – Before starting an LCA there are numerous aspects to consider 

and specifically the question of the decision to be supported has to be in the center. 

From this questions such as 
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• relevance of a specific impact, 

• relevance of a specific life cycle phase, 

• relevance of specific elements in one life cycle phase, 

• level of influence that the decision makers have over the elements and impacts 

in the life cycle, 

• relevant differences between alternatives to be compared (vs. constant 

impacts), 

• availability of data for the inventory analysis and impact assessment, 

• uncertainties associated with the different inventory analysis and impact 

assessment data 

arise and have to be carefully considered before and during an assessment. Often this is 

an iterative process. 

Functional unit – The functional unit is the quantified performance of a product system 

of packaging, for use as a reference unit in a LCA study. In the case of packaging 

products, it is important that the functional unit reflects the required packaging 

performance, which is linked to the packaged product. This might include: required 

strength of the packaging, required protection during transportation, preserving the 

quality of foodstuffs, protection against light penetration, prevention of residue 

production etc. Legal requirements in relation to the packaged product (e.g. foodstuffs), 

and the performance of the packaging in relation to machinery, might also be relevant 

to take into consideration. Depending on the point at which LCA information is 

exchanged in the supply chain the functional unit will change. For a material supplier 

providing plastic pellets to a converter a typical functional unit would be kg of pellets 

delivered to the customer. For a converter supplying packaging film to a customer the 

functional unit could be surface of a film with specified performance (m
2
) delivered to 

the customer, whereas for a brand owner or a retailer a functional unit could be 

number of servings in the case of a food product and in the case of a detergent number 

of washing cycles or a weight of clothes washed or soil removed. 

System boundaries and cut-off rules – The definition and application of system 

boundaries and of quantitative cut-off criteria by which certain processes or elementary 

flows are excluded from the considered system. 

Inventory Analysis 

Allocation – Various allocation rules exist for allocating inputs and out puts between 

products, byproducts, co-products as well as between systems providing and using 

recycled material. In particular for recycling and recycling content various material 

sectors have generated position statements on what allocation rules should be applied 

for a particular material category (e.g. steel, aluminum, glass, PET bottle industry). 
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There is currently no real scientific consensus on which allocation rule should be used so 

it is of utmost importance to be clear and transparent on the allocation rules used.  

Primary & secondary data – Primary data emanates directly from measurements done 

on the specific operations in question, such as those of the reporting company or of 

their own supply chain, whereas secondary data can be found in commercial databases 

such as Ecoinvent, Plastics Europe, IDEMAT. 

Consistency between databases – If several databases are used it is crucial to consider 

the degree of consistency in methodology and the listed substances and to what extent 

this may influence the result. 

Data quality - The data quality requirements should address the following aspects (ISO 

14044, section 4.2.3.6.2): 

1. time-related coverage: age of data and the minimum length of time over which 

data should be collected; 

2. geographical coverage: geographical area from which data for unit processes 

should be collected to satisfy the goal of the study; 

3. technology coverage: specific technology or technology mix; 

Impact Assessment 

Representative set of impact categories – ISO 14040 & -44 underlines the importance 

of selecting a representative set of impact categories in order to avoid burden shifting. 

Single indicator approaches such as carbon foot printing may hide adverse impacts 

caused in other impact categories.  

Data consistency with impact assessment methodology – Impact assessment methods 

will be calculated based on the substances defined as inputs and outputs in inventories. 

If key substances contributing to a certain impact category are missing in the database 

used then the assessment results will be incomplete and misleading. It is therefore 

important to understand the limitations of the data used to be able to interpret results 

in an appropriate manner. 

Interpretation 

Describe assumptions and hypotheses – Assumptions and hypotheses made in absence 

of tangible data may have a significant effect on conclusions drawn. Therefore it is 

important to clearly and transparently communicate assumptions and hypotheses made 

in order to allow the receiving party to evaluate their applicability in a given context.  

Sensitivity check – Check the robustness of conclusions to variations in assumptions and 

hypotheses made by selecting high and low estimates and by varying the cut-off 

criterion used for the system definition. If the conclusions of the study remain the same 

the conclusions can be considered robust.  

Uncertainty Assessment – There is a wide variety of sources of uncertainty in life cycle 

assessment, ranging from data age and representativity of normal running conditions of 
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a particular process to uncertainties in impact assessment methods. The propagation of 

such uncertainty through the model should always be considered. Recognition of this 

uncertainty underlines the importance of sensitivity checks to evaluate the robustness 

of conclusions drawn.  
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Impact on Climate / Atmosphere 

Global Warming Potential (GWP) 

1. Definition 

Global warming potential is a measure for a process’ contribution to climate change. 

The ability chemicals to retain heat on the earth (radiative forcing) is combined with the 

expected lifetime of these chemicals in the atmosphere and expressed in CO2 

equivalents. A 100 year time perspective is recommended. The time perspective chosen 

should always be communicated together with the metric.  

2. Metric 

Mass of CO2 equivalents (e.g. kg CO2 eq) / functional unit  

3. Whom/What at the end am I damaging? 

Global warming will result in a net global increase of temperatures, which will be 

translated into very different and hardly predictable changes in climate on a local scale. 

These include increased or decreased precipitation, more extreme climatic events 

(storms, draughts), and even possibly global changes in ocean currents (Gulf Stream). 

This has dramatic effects on nature (modifying entire ecosystems), humans (more 

natural disasters, more heat-related disease, such as heart attacks, wider spread of 

diseases currently limited to tropical regions, such as malaria), and the economy (more 

natural disasters, better or worse agricultural yields, depending on the local climate). 

4. How do I damage? 

Emissions of greenhouse gases change the radiation equilibrium of the earth, retaining a 

larger amount of infrared radiation that previously was released into space. The most 

important greenhouse gas is carbon dioxide (CO2), which is released from combustion 

processes. Other potent greenhouse gases are methane (CH4, from livestock farming, 

rice cultivation, and landfills), and nitrous oxide (N2O, mainly from fertilizer application 

in agriculture).  

5. Why does it matter? 

Climate change is probably the most serious environmental threat that humanity has 

ever faced, with potentially dramatic impacts. A reduction of greenhouse gases is very 

urgent, since non-reversible change to the global climate may occur if the current 

amount of greenhouse gases will be emitted for only a few more years. 

6. What do I have to check, take into account in my supply chain? 

Impacts on global warming occur in particular if energy from fossil fuels is consumed, or 

agricultural activities with fertilizer use are part of the system boundaries. If biogenic 

resources are employed, significant uptake of CO2 may occur, potentially resulting in 

negative global warming potentials. 

7. When do I have to use/select/consider this indicator? 

Global warming potential is influenced by the use of fossil resources and can be a 

valuable indicator to detect differences in intensity of fossil resource use or when 
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comparing systems based on fossil resources with systems based on renewable 

resources. 

8. How specific can I interpret the resulting indicator? 

Know-how on climate change has increased drastically in the past, and the global 

warming potential is today a relatively reliable indicator. Soil emissions of greenhouse 

gases from agriculture (changes of carbon content in soil due to cultivation practices or 

emissions of N2O after fertilizer application) are strongly dependent on local soil 

conditions, and therefore, have high uncertainties in inventory databases. Although the 

100 year perspective is considered in most policy initiatives today, some consider the 

500 year perspective to be more scientifically robust. Examining the 500 year 

perspective as a sensitivity check might therefore prove useful. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

Make sure agricultural processes are correctly parameterized in your inventory 

database. 

10. Whom to ask, where to look at? 

Global warming potentials of greenhouse gases are given in the fourth IPCC assessment 

report (2007) and readily available in many impact assessment methods. Further 

guidance on carbon footprinting is provided by PAS 2050 (BSI), and ISO 14’067 (when 

available). 

Ozone Depletion 

1. Definition 

This indicator measures the degradation of the earth’s stratospheric ozone layer caused 

by certain types of pollutants, such as chloroflurocarbons. The earth’s stratospheric 

ozone layer is important in blocking ultraviolet light and when degraded, too much 

ultraviolet light reaches the earth’s surface, potentially damaging human and ecological 

health. 

2. Metric 

Mass of CFC-11 equivalents (e.g. kg CFC-11 eq.) / functional unit 

3. Whom/What at the end am I damaging? 

Excessive ultraviolet light is damaging to human health, as well as to ecosystems. 

Human health effects include increased incidence of skin cancer and cataracts. 

Ecological effects include damage to plants (which impairs the primary productivity of 

ecosystems), and loss of plankton populations (impairing the oceans’ productivity). 

4. How do I damage? 

Emission of ozone depleting substances lead to loss of stratospheric ozone, allowing 

more ultraviolet light to reach the earth’s surface. 

5. Why does it matter? 

Due to bans on the most serious ozone depleting substances following the 1987 

Montreal Protocol, the depletion of stratospheric ozone is a lesser concern today than 
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several decades ago. Although a useful metric to report, one should be aware that in 

most cases stakeholders will be more interested in other issues. 

6. What do I have to check, take into account in my supply chain? 

Ozone depleting substances are most often used in refrigeration and foaming systems. 

Although aerosol spray cans once contained ozone depleting substances as propellants, 

a ban on those substances has made this a non-issue.  

7. When do I have to use/select/consider this indicator? 

It should be considered a low-priority issue that can be reported for completeness, but 

is now rarely a major focus of environmental disclosures.   

8. How specific can I interpret the resulting indicator? 

Ozone depletion results, provided the inventory is of good quality, can be viewed as 

highly reliable. The prominent chemicals causing damage to stratospheric ozone have 

been well documented and their relative potency is well measured. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

Ozone Depletion results should be interpreted as reflecting potential impacts, rather 

than real ones.  If inventory data is of high quality, uncertainty should be relatively low 

and in the absence of a formal uncertainty assessment, many would view a difference of 

~20% as a significant improvement. A lesser margin may be needed if the two systems 

being compared are substantially similar (same packaging materials, products, etc.) 

10. Whom to ask, where to look at? 

WMO 1990 factors, as implemented in ReCiPe, IMPACT 2002+, TRACI, and other impact 

assessment methodologies. 
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Impact on Human Health 

Toxicity, cancer 

1. Definition 

Numerous pollutants released to the environment are known to cause cancer. The 

Toxicity, Cancer indicator evaluates to potential cancer-related health outcomes that 

may occur due to the emissions associated with a given product or process. 

2. Metric 

Measured based on the potential to cause cancer relative to emissions of a reference 

substance, such as mass of vinyl chloride equivalent (e.g. kg C2H3Cl equivalents / 

functional unit) 

3. Whom/What at the end am I damaging? 

Cancer is among the leading causes of human mortality in the developed world.  

4. How do I damage? 

Emissions of cancer causing substances can occur in a wide range of industrial 

processes, from factory emissions to vehicle exhaust. Of these pollutant emissions, 

some will result in exposure to humans and influence the chances of adverse cancer 

outcomes. 

5. Why does it matter? 

Cancer is among the leading causes of human mortality in the developed world. 

6. What do I have to check, take into account in my supply chain? 

Most industrial processes will have some emissions to include in this category and 

therefore a complete accounting of the product life cycle is important. 

7. When do I have to use/select/consider this indicator? 

Changes in materials may often influence toxic emissions and so it is a useful metric to 

consider whenever various type of materials are being compared. For example, metals 

may have a very different profile of toxic emissions than plastics.  

8. How specific can I interpret the resulting indicator? 

Current methods provide the best available science regarding the transport of toxic 

chemicals in the environment, their routes of exposure to humans, and the resulting 

cancer outcomes. Nevertheless, because of the complexity involved, toxicity indicators 

are often viewed as among the most uncertain in life cycle impact assessment, with a 

substantial margin in one direction desired to support a determination of an advantage 

or disadvantage. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

Cancer Toxicity results should be interpreted as reflecting potential impacts, rather than 

real ones.  Uncertainty can be reduced by ensuring that high quality life cycle inventory 
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data is used and that the most current assessment methods (e.g., USEtox) are 

employed. 

10. Whom to ask, where to look at? 

On the USEtox homepage (www.usetox.org), and in the documentation of other impact 

assessment methods. 

Toxicity, non-cancer 

1. Definition 

Numerous pollutants released to the environment are known to cause harmful toxic 

effects on human health. The Toxicity, Non-cancer indicator evaluates to potential 

adverse non-cancer health outcomes that may occur due to the toxic emissions 

associated with a given product or process. 

2. Metric 

Measured based on the potential to cause non-cancer toxic health outcomes relative to 

emissions of a reference substance, such as toluene (kg toluene equivalents / functional 

unit).  

3. Whom/What at the end am I damaging? 

A wide variety of human health impacts can be linked to the emission of toxic 

substances to the environment.  

4. How do I damage? 

Emissions of toxic substances can occur in a wide range of industrial processes, from 

factory emissions to vehicle exhaust. Of these pollutant emissions, some will result in 

exposure to humans and influence the chances of adverse health outcomes. 

5. Why does it matter? 

Non-cancer related health impacts from toxic environmental pollution are an important 

cause of human morbidity and mortality. 

6. What do I have to check, take into account in my supply chain? 

Most industrial processes will have some emissions to include in this category and 

therefore a complete accounting of the product life cycle is important. 

7. When do I have to use/select/consider this indicator? 

Changes in materials may often influence toxic emissions and so it is a useful metric to 

consider whenever various type of materials are being compared. For example, metals 

may have a very different profile of toxic emissions than plastics.  

8. How specific can I interpret the resulting indicator? 

Current methods provide the best available science regarding the transport of toxic 

chemicals in the environment, their routes of exposure to humans, and the resulting 

cancer outcomes. Nevertheless, because of the complexity involved, toxicity indicators 

are often viewed as among the most uncertain in life cycle impact assessment, with a 

substantial margin in one direction desired to support a determination of an advantage 

or disadvantage. 
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9. How can I reduce uncertainty & evaluate the significance of an impact? 

Non-Cancer Toxicity results should be interpreted as reflecting potential impacts, rather 

than real ones.  Uncertainty can be reduced by ensuring that high quality life cycle 

inventory data is used and that the most current assessment methods (e.g., USEtox) are 

employed. 

10. Whom to ask, where to look at? 

On the USEtox homepage (www.usetox.org), and in the documentation of other impact 

assessment methods. 

Particulate respiratory effects 

1. Definition 

Particulate matter represents a complex mixture of organic and inorganic substances of 

varying dimensions capable to suspend in air. Given the complexity and variety in terms 

of chemical composition of particulate matter, their characterization and quantification 

in air is typically performed on the basis of physical measures such as PM10 (covering 

particles with a diameter smaller than 10 μm) and PM2.5 (covering particles with a 

diameter smaller than 2.5 μm). Natural sources of particulate matter include sand and 

salt particles and volcano eruption or fire ash, among others. We recommend 

measuring the particulate matter using the “particulate matter formation potential” 

indicator at a midpoint level, as described in the ReCiPe impact assessment 

methodology. 

2. Metric 

Mass of PM10 equivalents (e.g. kg PM10 eq) / functional unit 

3. Whom/What at the end am I damaging? 

Because of their small size, particulate matter can infiltrate into the airways, causing 

morbidity and respiration distress. The ability of particulate matter to penetrate the 

respiratory system is a function of their size, whereby PM10, also known as the thoracic 

fraction, reach the upper airways and lungs, whereas PM2.5, also known as the 

respirable fraction, can penetrate the deepest part of the lungs.  

4. How do I damage? 

Particulate matter has both primary and secondary emission sources. Fuel combustion 

(of both fossil and biogenic origin) represents a key primary source of particulate matter 

in form of fly ash and soot (if exhaust gas is not appropriately treated). Particular matter 

can also be formed through secondary pathway from emissions of sulfur dioxide (SO2), 

ammonia (NH3), and nitrogen oxides (NOx) among others. 

5. Why does it matter? 

Particulate matter has a severe effect on human health, especially if exposure to it is 

chronic. The effects of inhaling particulate matter include asthma, lung cancer, 

cardiovascular issues, and premature death. Exposure to particulate matter is 

particularly significant in densely populated metropolitan areas. Limits for PM10 are in 

force in many industrialized countries. Recently, regulatory emphasis is also laid on 

PM2.5. 
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6. What do I have to check, take into account in my supply chain? 

The main processes contributing to particulate matter formation are stationary and 

mobile combustion processes such as power generation in coal- or oil-fired power 

plants. The energy supply and generation chain is of key relevance. Otherwise no 

significant direct emission of particulate matter (or its precursor) can be associated with 

the packaging industry. 

7. When do I have to use/select/consider this indicator? 

The use of particulate matter formation potential indicator is particularly recommended 

as complementary indicator in contexts where energy use has a significant share in the 

environmental profile of a packaging product. 

8. How specific can I interpret the resulting indicator? 

The particulate matter concentration in air is only an indicative measure of associated 

human health burden – the size distribution is a similarly significant factor, but the 

existing data basis and assessment methodologies are not adequate to take this aspect 

into account. Moreover, the actual exposure by humans to particulate matter is a 

function of the meteorological conditions. Especially precipitation acts as significant 

removal process of fine particulate matter. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

POCF results should be interpreted as reflecting potential impacts, rather than real one. 

Separate accounting for PM10 and PM2.5 would increase the significance of the results, 

as more severe health effects are attributable to the latter.  

10. Whom to ask, where to look at? 

Further information can be found on the ReCiPe homepage, www.lcia-recipe.net. On 

the USEtox homepage (www.usetox.org) and in the documentation of other impact 

assessment methods. 

Ionizing radiation  

1. Definition 

The ionizing radiation indicator reflects the potential burden to human health related to 

the exposure to radionuclides. Not considered are exposure due to large and severe 

accidental releases and occupational exposure to radioactive substances. We 

recommend measuring ionizing radiation using the “Ionizing radiation” indicator at a 

midpoint level, using the hierarchist perspective, as described in the ReCiPe impact 

assessment methodology. This method refers to Frischknecht et al, 2003, and is also 

used in the IMPACT 2002+ methodology. 

2. Metric 

Mass of kg U235 equivalent (e.g. kg U235 eq) / functional unit 

3. Whom/What at the end am I damaging? 

A routine exposure to radionuclides can result in carcinogenic and hereditary effects 

with detrimental consequences on the human health.  

4. How do I damage? 
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Release of radionuclides into the environment (air or water) can result from the nuclear 

fuel cycle (mining and milling, conversion, enrichment, fuel fabrication, electricity 

production, and reprocessing), in phosphate rock extraction, in coal power plants and in 

oil and gas extraction. Important radionuclides are Carbon-14 (C-14), Tritium (H-3), 

Iodine-129 (I-129) and Krypton-85 (Kr-85). All four radionuclides have long life time and 

can potentially be distributed globally. Human exposure can result through inhalation or 

consumption of contaminated food and water. 

5. Why does it matter? 

Ionizing radiation has significant negative consequences on the human health, leading 

to fatal and non-fatal cancer-related and hereditary effects. 

6. What do I have to check, take into account in my supply chain? 

The energy supply and generation chain is of key relevance with regard to the ionizing 

radiation indicator. Virtually all products contribute to the ionizing radiation burden 

through the energy chain. 

7. When do I have to use/select/consider this indicator? 

The use of the ionizing radiation indicator is particularly recommended as additional 

indicator in contexts where energy use has a significant share in the indicator profile of 

a packaging product. 

8. How specific can I interpret the resulting indicator? 

The dispersion and exposure pathways of radionuclides are affected by considerable 

uncertainties. This holds particularly true for the modeling of the global transport of 

radionuclides because of the simplified models used to model the propagation of very 

small doses over a large population for very long period of time. Note that the impact of 

ionizing radiation on ecosystem quality is not considered so far, although identified as 

issue. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

Ionizing radiation results should be interpreted as reflecting potential impacts, rather 

than real one. 

10. Whom to ask, where to look at? 

Further information can be found on the ReCiPe homepage, www.lcia-recipe.net . 

Photochemical ozone creation potential (POCP) 

1. Definition 

Photochemical Ozone Creation Potential (POCP) is the potential of ozone creation at 

ground level (i.e. tropospheric ozone) through photochemical transformation of ozone 

precursor emissions. The main ozone precursor compounds are nitrogen oxides (NOx) 

and non-methane volatile organic compounds (NMVOC). We recommend measuring the 

POCP using the “photochemical oxidant formation potential” indicator at a midpoint 

level, as described in the ReCiPe impact assessment methodology. 

2. Metric 
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Mass of non-methane volatile organic compound equivalents (e.g. kg NMVOC eq) / 

functional unit 

3. Whom/What at the end am I damaging? 

Ground-level ozone (a constituent of smog) represents a health hazard to human health 

because it can irritate the respiratory system and reduce lung function. High ozone 

concentrations lead to an increased frequency and severity of respiratory distress, such 

as asthma. Further, ozone can increase susceptibility to respiratory infections. 

4. How do I damage? 

Ozone is not directly emitted into the atmosphere, but it is formed as a result of 

photochemical reactions of NOx and NMVOCs. Ozone precursor emissions are typically 

released from man-made sources, namely gasoline (petrol), paints and solvents (for 

NMVOC) or produced through combustion processes (for NOx). In addition emissions 

may occur from natural sources (pines and fruit trees).  

5. Why does it matter? 

Ground-level ozone represents an acute health hazard for humans. The exposure to 

ground-level ozone is particularly important in urban areas, but can also be relevant in 

rural areas because of air circulation processes. The photochemical formation process is 

particularly intense in summer because of more intense sun irradiation and higher 

temperatures. 

6. What do I have to check, take into account in my supply chain? 

In general, stationary and mobile combustion processes such as power generation in 

coal- or oil-fired power plants and road transportation are key sources of ozone 

precursor emissions. Specifically for the packaging industry, solvent-based processes 

like printing and coating represent a potential source of NMVOCs (if exhaust gases are 

not appropriately treated). 

7. When do I have to use/select/consider this indicator? 

The use of the ozone formation indicator is particularly recommended for energy-

intensive packaging products as well as for packaging production activities involving 

solvent-based processes. They are expected to score higher on this indicator. 

8. How specific can I interpret the resulting indicator? 

The ozone formation does not depend on the presence of NOx and/or NMVOC 

compounds only, but appropriate weather conditions - high temperatures and intense 

sun irradiation – must be given as well to start and fuel the process. The impact of 

photochemical oxidant formation on ecosystem quality is not considered so far, 

although identified as issue. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

POCF results should be interpreted as reflecting potential impacts, rather than real one. 

10. Whom to ask, where to look at? 

Further information can be found on the ReCiPe homepage ( www.lcia-recipe.net ) and 

in the documentation of other impact assessment methods. 



 35 

 

Impact on Ecosphere 

Acidification Potential 

1. Definition 

Acidification Potential is the potential of a chemical emission to acidify ecosystems. We 

recommend measuring the acidification potential using the “Terrestrial Acidification” 

indicator at a midpoint level, using the hierarchist perspective, as described in the 

ReCiPe impact assessment methodology. Alternatively, EDIP2003 or the concept of 

“Accumulated Exceedance” can also be used. 

2. Metric 

Measured based on the potential impact relative to emissions of a reference substance 

e.g. Mass of SO2 equivalents (kg SO2 eq) / functional unit 

3. Whom/What at the end am I damaging? 

The natural environment in soil, freshwater systems, and oceans are modified if their pH 

is reduced (they become more acidic). In acidic soils, the availability of many nutrients is 

reduced, resulting in decreased agricultural yields and forests dying. In acidified lakes, 

many fish species can no longer survive. 

4. How do I damage? 

Emissions of acidifying substances into atmosphere are the main contributors to soil and 

freshwater acidification. The most important acidifying substances are sulfuric dioxide 

(SO2), nitrogen oxides (NOx), and ammonia (NH3), which can be transported over long 

distances in the atmosphere, before they react to form sulfuric acid (H2SO4) and nitric 

acid (HNO3). In the form of acid rain these substances precipitate and acidify soils, 

freshwater systems, and oceans. 

Coal- and oil-fired power plants and metallurgical activities produce large amounts of 

sulfuric dioxide, if no exhaust gas treatment systems are used. Nitrogen oxides are 

produced by combustion processes in transport and industry, and ammonia is produced 

by agricultural activities, in particular livestock growing. 

5. Why does it matter? 

Acid rain has severe impacts on forests, agricultural lands, and freshwater systems. In 

recent years, stricter regulation in Europe and the United States has reduced the overall 

emission loads of acidifying substances. In other countries (in particular in countries 

with weak legislation on air emissions) this is still a major problem. 

6. What do I have to check, take into account in my supply chain? 

Processes that can strongly contribute to acidification are power generation in coal- or 

oil-fired power plants without flue gas desulphurization, metallurgical processes, and 

livestock growing.  

7. When do I have to use/select/consider this indicator? 
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When materials from different countries are used, and one country has different local 

industrial practices or environmental legislation, it is recommended to assess 

acidification potential.  

8. How specific can I interpret the resulting indicator? 

The inventory data on acidifying substances is rather well established, since it depends 

mainly on well-studied processes (energy generation, metallization). Therefore, 

inventory data can be interpreted quite specifically. 

Acidification potential depends strongly on soil properties: some soils may be extremely 

fragile to acidification (soils on granite rocks), others may exhibit a large buffer potential 

(soils on carbonate rocks). Since characterization factors for acidification are generally 

global averages, the impact assessment results may not be representative of the actual 

situation on a regional or local scale. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

If knowledge is available on the sensitivity of the receiving environment, regional 

characterization factors might be applied. Emissions of acidifying substances strongly 

depend on industrial practice and environmental legislation. 

10. Whom to ask, where to look at? 

Further information can be found on the ReCiPe homepage, www.lcia-recipe.net. Other 

methodologies for acidification include EDIP2003 or the concept of “Accumulated 

Exceedance”, which has a very high scientific relevance, but is not yet readily available 

in impact assessment methodologies.  

Aquatic Eutrophication 

1. Definition 

Aquatic Eutrophication occurs when excessive amounts of nutrients reach freshwater 

systems or oceans. Algae bloom may result and fish may disappear. Whereas 

phosphorous is mainly responsible for eutrophication in freshwater systems, nitrogen is 

mainly responsible for eutrophication in ocean water bodies. We recommend 

measuring aquatic eutrophication using the ReCiPe freshwater and marine 

eutrophication indicators on a midpoint level, using a hierarchical perspective. Other 

indicators are available from the EDIP2003, LIME, or TRACI assessment methodologies. 

2. Metric 

Measured based on the potential impact relative to a reference substance e.g. mass of 

phosphorous equivalents (kg P eq) / functional unit (freshwater eutrophication) or mass 

nitrogen equivalents (kg N eq) / functional unit (marine eutrophication)  

3. Whom/What at the end am I damaging? 

When freshwater systems and oceans receive an excessive amount of nutrients, algae 

grow excessively. When these algae die, their degradation will consume all oxygen in 

the water and result in lakes and oceans that are completely deprived of oxygen. All 

animal species disappear. 
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4. How do I damage? 

Phosphorous and nitrogen are both required for an ecosystem to become eutrophic. In 

countries with poor water protection regulation, many detergents still contain 

phosphorous and contribute heavily to eutrophication. In industrialized countries, most 

of the phosphorous will come from agriculture, in particular fertilizer use. Nitrogen can 

come from different sources, in particular urban waste water treatment facilities, 

fertilizer use in agriculture, manure from livestock growing installations, and emissions 

of nitrogen compounds into the atmosphere. 

5. Why does it matter? 

Besides that eutrophication will result in population losses among animal species, 

eutrophication also has severe economic consequences: Eutrophic oceans and lakes 

loose their production potential for fishing. Furthermore, tourism is negatively affected 

if algae bloom occurs.  

It takes many years to bring back eutrophic water bodies into their natural state. In 

lakes, it has been attempted to accelerate this process by artificially injecting oxygen 

into the water bodies. However, this has turned out to be a very cost-intensive process. 

6. What do I have to check, take into account in my supply chain? 

Processes that can strongly contribute to acidification are detergent use in a country 

with poor water protection legislation and agricultural activities, in particular fertilizer 

use and livestock growing.  

7. When do I have to use/select/consider this indicator? 

When using fuels and materials sourced from biomass, in particular agriculture, 

eutrophication should be taken into account. 

8. How specific can I interpret the resulting indicator? 

Since both, phosphorous and nitrogen are required for eutrophication to occur, it is 

possible that emissions of nitrogen into a phosphorous-poor lake will not result in 

eutrophication. In another lake that is abundant in phosphorous, however, emissions of 

the same amount of nitrogen might result in eutrophication. 

In general, lakes are poor in phosophorous, whereas ocean bodies are poor in nitrogen. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

By using separate indicators for freshwater and marine eutrophication, the significance 

of the indicator can be considerably improved (as suggested here). 

10. Whom to ask, where to look at? 

The homepage for the ReCiPe impact assessment method (www.lcia-recipe.net) 

provides further information on aquatic eutrophication. Descriptions of the EDIP2003, 

LIME, or TRACI assessment methods also provide guidance. 
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Freshwater ecotoxicity potential 

1. Definition 

This indicator measures the release of chemicals that have adverse effects on 

freshwater aquatic wildlife. 

2. Metric 

Measured based on the ecotoxicity potential relative to a unit of mass of a reference 

substance, such as 2,4-Dichlorophenoxyacetic acid (e.g. kg 2, 4-D equivalents / 

functional unit) . 

3. Whom/What at the end am I damaging? 

When freshwater ecosystems receive excessive amounts of toxic pollution, it can cause 

death or reproductive disabilities in wildlife, eventually leading to loss of species, 

biodiversity and ecosystem productivity. 

4. How do I damage? 

Toxic substances may affect aquatic wildlife in a variety of ways, ranging from subtle 

health effects that influence abilities to survive and reproduce, to directly causing the 

death of wildlife. 

5. Why does it matter? 

Freshwater ecosystems that are damaged are less productive, providing less service to 

humans, such as in the form of fishery productivity. In addition, damage to wildlife may 

lead to the irreversible loss of species.  

6. What do I have to check, take into account in my supply chain? 

Most industrial processes will have some emissions to include in this category and 

therefore a complete accounting of the product life cycle is important. 

7. When do I have to use/select/consider this indicator? 

Changes in materials may often influence toxic emissions and so it is a useful metric to 

consider whenever various type of materials are being compared. For example, metals 

may have a very different profile of toxic emissions than plastics. 

8. How specific can I interpret the resulting indicator? 

Current methods provide the best available science regarding the transport of toxic 

chemicals in the environment and their damage to ecosystems Nevertheless, because of 

the complexity involved, toxicity indicators are often viewed as among the most 

uncertain in life cycle impact assessment, with a substantial margin in one direction 

desired to support a determination of an advantage or disadvantage. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

Cancer Toxicity results should be interpreted as reflecting potential impacts, rather than 

real ones.  Uncertainty can be reduced by ensuring that high quality life cycle inventory 

data is used and that the most current assessment methods (e.g., USEtox) are 

employed. 

10. Whom to ask, where to look at? 
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On the USEtox homepage (http://www.usetox.org) and in the documentation of other 

impact assessment methods. 
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Impact on Resource base 

Non-renewable resource depletion 

1. Definition 

A measure of the depletion of non renewable resources per functional unit in the 

packaging supply chain.  

2. Metric 

Measured relative to a reference substance e.g. 

a) kg antimony equivalents / functional unit [CML 2002] or; 

b) Person reserve (kg) / functional unit [EDIP 1997(updated 2004)]. 

3. Whom/What at the end am I damaging? 

Depletion of non renewable resources, such as metals, minerals and fossil fuels, 

decreases the availability of such resources for future use. This can in turn necessitate 

either a forgoing of future benefits of use or the incurring of other impacts by providing 

the same or similar function through alternate means. If resources are turned from 

deposits to commodities the resources in their given concentration in the earth’s crust 

are lost for future uses. Therefore additional efforts will be required in future to convert 

less concentrated deposits to use. These additional future efforts will cause an 

additional harm to the natural environment.  

The safeguard object is natural resources. 

4. How do I damage? 

By denying resources, or resources in given concentration, to future users. Further, by 

obliging future users to substitute lower availability resources one potentially incurs 

additional environmental interventions in the form of emissions to land, water and air. 

The extraction of mineral resources and fossil fuels is associated with a variety of 

environmental impacts in particular during mining operations. However, these impacts 

are more appropriately covered by other life cycle indicators; here we consider only the 

impact of depletion of non renewable resources. 

5. Why does it matter? 

Avoiding the future potential impacts of depleting resources today is a fundamental 

element of the definition of sustainability itself. Today’s needs should be met while not 

compromising the ability of future generations to meet their needs.  

6. What do I have to check, take into account in my supply chain? 

Use of metals, mineral or oil based materials will contribute to this category of impact 

as will use of energy from non-renewable fossil sources.  

7. When do I have to use/select/consider this indicator? 
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It may be particularly relevant to consider this indicator to help detect areas of potential 

concern where emphasis on other factors may lead to burden shifting – either between 

or within systems. Or in situations where it is expected that different resources used 

may be an issue. For example: a switch from renewable to non-renewable resources or 

vice versa. 

8. How specific can I interpret the resulting indicator? 

There is as yet no consensus on the best way to assess this impact category. In part, this 

is because the impacts from depletion of one resource may be rather different from 

depletion of another. Irreversible depletion of a relatively rare fossil resource presents 

different considerations than marginal depletion of an abundant elemental resource 

that can perhaps be recovered at some later date. The indicators above take different 

approaches, each has its strengths and weaknesses, and each is based on certain 

assumptions or hypotheses.  

Both indicator approaches given here relate in some way a measure of resource use to 

availability. The CML approach is based on extraction rates and total reserves using 

antimony as a reference. The method is considered relatively robust but the 

environmental relevance of ‘ultimate reserves’ can be questioned. Conversely the EDIP 

method uses a base of economically available reserves, which can be seen to be more 

environmentally relevant. The draw back being that economically available reserves 

vary with fluctuations in market prices and uncertainty is increased.  Interpretation, 

therefore, has to be performed with care.   

9. How can I reduce uncertainty & evaluate the significance of an impact? 

A separate accounting of on one hand fossil based, and on the other metals and 

minerals may improve the significance and interpretation of the indicator results. If 

resource depletion is significant in a packaging system under study and not correlated 

to the other indicators that have been selected, other approaches may help to discover 

additional aspects. More conservative approaches on inventory side include indicators 

based physical, material properties e.g. weight, volume or energy content. More 

sophisticated (endpoint related) approaches include those relying on surplus energy or 

surplus cost. 

10. Whom to ask, where to look at? 

LCA software tools often include the ability to look at non renewable or abiotic resource 

depletion, sometimes differentiated at the level of fossil resource and mineral 

depletion. Consult the relevant software documentation. 

Other relevant references include: 

Hauschild, M., Goedkoop, M., Guinée, J., Heijungs, R., Huijbregts, M., Jolliet, O., Margni, 

M., de Schryver, A., and Bersani, R. (2008).Analysis of existing LCIA methodologies and 

related approaches. Deliverable 1 of the project: Definition of recommended life cycle 

impact assessment (LCIA) framework, methods and factors (B1.6). EC-JRC, Ispra. 

 



 42 

Guinée, J.B. (Ed.), Gorrée, M., Heijungs, R., Huppes, G., Kleijn, R., de Koning, A., Van 

Oers, L., Wegener Sleeswijk, A., Suh, S.,. Udo de Haes, H.A, De Bruijn, J.A., Van Duin R., 

Huijbregts, M.A.J. (2002). Handbook on Life Cycle Assessment: Operational Guide to the 

ISO Standards. Series: Eco-efficiency in industry and science. Kluwer Academic 

Publishers. Dordrecht (Hardbound, ISBN 1-4020-0228-9; Paperback, ISBN 1-4020-0557-

1). 

Hauschild, M.Z. and Wenzel, H. (1998a). Environmental assessment of product. Vol. 2 -

Scientific background, Chapman & Hall, United Kingdom, Kluwer Academic Publishers, 

ISBN 0412 80810 2, Hingham, MA., USA. (2004 update figures http://www.lca-

center.dk/cms/site.aspx?p=1378) 
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Indicators from inventory data 

Introduction 

The life cycle inventory summarizes inputs and outputs on the basis of the reference 

flows in the system considered. Inventory indicators do not directly represent 

environmental impacts, although some, such as cumulative energy demand, frequently 

correlate reasonably well with environmental impact categories. 

Cumulative energy demand (CED) 

1. Definition 

Cumulative Energy Demand is a statement of the entire energy demand for a given 

product or service. CED covers all sources of energy used for energy generation 

purposes as well as all energy carriers used for non-energy use, i.e. as materials, 

sometimes also referred to as feedstock energy. 

CED can be divided into two main categories: CED renewable and non-renewable. The 

non-renewable category is comprised by e.g. hard coal, natural gas, crude oil, uranium 

as well as unsustainably managed primary forest, whereas the renewable counterpart is 

represented by, e.g. biomass, wind, solar, geothermal and hydropower.  

2. Metric 

MJ / functional unit  

3. Whom/What at the end am I damaging? 

CED is an indirect representation of the depletion of energy carrying natural resources 

expressed in energy units. The earth contains a finite amount of non-renewable and 

renewable resources which can both be depleted if they are exploited at higher rates 

than their renewal rate. The extraction and use of energy carrying resources also has 

impacts on Human Health and Natural Environment and other aspects of Natural 

Resources such as land use.  

4. How do I damage? 

In terms of resource use, the end point is assessed as the future consequences of 

resource extraction, i.e. that the extraction of greater amounts of a given resource 

today will reduce their availability for future generations.  

5. Why does it matter? 

Environmental relevance including regional and temporal variations which influence 

potential interpretation. This also needs to be explained in a way that improvements are 

made where relevant. 

6. What do I have to check, take into account in my supply chain? 

The energy content of coal can vary considerably from one region to another. If data for 

an energy production process using hard coal comes from a database it is important to 

verify that the coal source is representative of that region.    
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7. When do I have to use/select/consider this indicator? 

A switch from renewable to non-renewable resources used in packaging materials will 

logically also lead to a switch of burden from CED renewable to CED non-renewable. As 

the total amount of energy used in a system is a key criterion and overall it is desirable 

to use less energy, the use of both renewable and non-renewable CED is advised if 

energy is included in the assessment. This will not only allow accounting for potential 

burden shifting, but also ensure that systems with lower overall energy consumption 

can be appropriately evaluated.  

8. How specific can I interpret the resulting indicator? 

Non-renewable CED has historically been used as a proxy indicator for other 

environmental impact categories in life cycle assessment screening studies, and it has 

found to correlate reasonably well to certain impact categories for certain processes 

such as transportation, and material manufacturing, but the correlation is not consistent 

across impact categories, processes and regions and should thus not be taken for 

granted.  

Major uncertainties arise from various approaches in characterizing different energy 

sources such as nuclear power for which various approaches exist. Hard coal can also 

vary considerably in energy content from one geographical location to another and the 

data available in LCA databases may not be representative of the coal used in a 

particular region. In the renewable CED categories there are also unresolved issues in 

terms of how the energy content of energy carriers should be accounted for. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

In a comparison between two alternatives it is crucial to ensure that the same 

methodology is used to account for CED for both scenarios, in particular when nuclear, 

coal or hydropower is used, where results will be sensitive to methodological choices as 

well as, for coal, to local variations in energy content.  

10. Whom to ask, where to look at? 

LCA tools such as GaBi and SimaPro offer a possibility to make CED calculations as an 

additional single issue calculation which can be added to the evaluation of impacts 

according to more comprehensive methods such as Impact 2002+, ReCiPe etc.  

Protocols and references 

VDI-4600 Cumulative Energy Demand: Terms, Definitions, Methods of Calculation, 1997. 

N. Jungbluth, et al., “Cumulative Energy Demand”, in Implementation of Life Cycle 

Impact Assessment Methods, R. Hischier, B. Weidema (eds), Ecoinvent-Report No. 3 

(2009). 

R. Frischknecht, R. Heijungs, P. Hofstetter, “Einstein’s Lessons for Energy Accounting in 

LCA”, Int. J. LCA 3(5) 266-272 (1998) 
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Freshwater consumption 

1. Definition 

The water consumption indicator reflects the aggregated net volume of fresh water 

withdrawn, used and degraded by the product system under investigation, causing this 

water volume to become unavailable for direct or immediate use. All possible fresh 

water sources should be considered (e.g. groundwater, public network, river stream), 

except for rain water. We recommend measuring the fresh water consumption indicator 

at a data inventory level. Despite considerable work on methodological development in 

recent years (e.g. the water footprint), no broad consensus yet exists on how to weight 

different water qualities (e.g. river vs. fossil groundwater) and on how to model the 

impact on the environment and human health related to the water use. 

2. Metrics 

m
3
 fresh water / functional unit 

3. Whom/What at the end am I damaging? 

Water is essential to sustain life. Although renewable, water is locally and temporally a 

finite resource. As such, fresh water needs for industrial, agricultural and domestic 

purposes may raise situations of competition and overutilization, with detrimental 

impacts on the environment and the local communities. Examples can be found in many 

areas of the world (e.g. Lake Aral). Fossil groundwater extraction can even be 

considered as a resource depleting activity, where the recharge rate is not as great as, 

or greater than, the rate of depletion.  This indicator deals with water quantity rather 

than issues of water quality which are considered under other impact categories. 

4. How do I damage? 

The consumption of water limits the ability of the environment or human society to use 

this resource. In some parts of the world the overall needs for water are in good balance 

with the water availability in that region, and no situation of competition exists. 

Conversely, in other regions, where water is a scarce, or relatively scarce, resource 

including for example parts of the U.S. and Europe, consumption of water can 

significantly affect other users and / or the environment. Such situations of imbalance 

are expected to increase as a consequence of climate change, population growth and 

lifestyle changes.  

5. Why does it matter? 

Water is essential to human health and ecosystem quality. Lack of or limited access to 

fresh water can result in detrimental hygiene conditions, resulting in the spread of 

diseases, and water shortages for irrigation or ingestion, resulting in malnutrition. 

Similarly, ecosystems like wetlands, which present a considerable plant and fauna 

diversity, would not be able to fulfill their ecological functions without sufficient water 

input. 

6. What do I have to check, take into account in my supply chain? 

Agriculture is by far the largest consumer of water resource. Packaging material sourced 

from agricultural feedstock might thus score higher on fresh water consumption, 
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especially if they rely on irrigation. Further, waste recovery activities such as recycling 

might have larger water consumption scores than alternative treatments due to the 

need to clean the end-of-life material after collection. 

7. When do I have to use/select/consider this indicator? 

The selection of the water consumption indicator is recommended if the packaging 

material presents a high content of biogenic raw materials derived from agricultural 

feedstock. Water consumption may merit deeper consideration and investigation where 

parts of a supply chain operate in areas of water shortage or scarcity. 

8. How specific can I interpret the resulting indicator? 

The water consumption indicator refers to the aggregated water consumption only. This 

indicator does not address the local aspect of water sourcing, i.e. does not differentiate 

the impacts related to e.g. water withdrawal from a water-stressed vs. water-abundant 

well. An indicator of water consumption by itself is therefore not adequate to assess use 

of water resources from a sustainability perspective. It should further be noted that 

existing inventory data is often incomplete and inconsistent in its treatment and 

quantification of water. The indicator should therefore be treated and interpreted with 

caution. 

9. How can I reduce uncertainty & evaluate the significance of an impact? 

A separate accounting of water use in water-stressed regions, and of water depletion, 

would greatly improve the significance of the indicator results.  

10. Whom to ask, where to look at? 

The ReCiPe handbook contains only a generic chapter on water consumption. The 

reader is further referred to the Water Footprint Network Website 

(www.waterfootprint.org) for more information on the emerging water footprint 

methodologies. The UNEP – SETAC working group on water use in LCA and the ISO 

working group on the accounting and impact modeling for water in LCA are 

recommended as additional information source. 

Land use 

1. Definition  

The area of land occupied for a certain period of time over the life cycle providing the 

functional unit 

2. Metric 

m2 × years / functional unit  

3. Whom/What at the end am I damaging? 

Land occupation and transformation can have effects on, for example biotic production 

potential, biodiversity and ecological soil quality. The safeguard objects are the natural 

environment and natural resources. 

4. How do I damage? 

Changing or transforming land use - building roads where non were before, intensifying 

agricultural practices, converting forest to pasture - has direct physical as well as often 
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chemical impacts on the soil and therefore its fertility or production potential. Similarly, 

ecosystems, habitats and species face direct as well as often indirect effects with 

changes in land use. Further, by using, or occupying, land for a particular purpose 

(farming, mining, building, transporting) other uses are denied, at least for a period of 

time. In order then to determine the environmental impacts from land use it is 

necessary to know for what activity the land is used and the time during which it is used 

for that particular purpose. Complexity is added due to the fact that not all damages are 

fully recoverable after occupation and other aspects like fragmentation of ecosystems 

are not linked in a linear fashion to occupation or to transformation. 

5. Why does it matter? 

Land transformation and occupation are closely linked to many impacts categories such 

as biodiversity, climate change, soil erosion, agricultural and ecosystem productivity, 

fresh water availability etc.  

Use of land is therefore an important element in relation to sustainability. Some of the 

potential impacts such as releases to water (like fertilizers) or emissions to air (by 

agricultural equipment) are captured by other impact categories. However, the 

potential impacts of land use on biodiversity and soil quality are not. These impacts can 

be of high importance globally as well as locally and are taken seriously in most of the 

known sustainable development schemes.  It is therefore proposed here to use a crude 

occupation indicator using m2 × years to flag such potential impacts and concerns, at 

least until scientific consensus is reached on appropriate approaches and factors to 

better characterize these important effects.  

6. What do I have to check, take into account in my supply chain? 

A first check should be made to determine if the land use involved in the product 

system is sufficiently documented to allow a consistent evaluation of occupation and 

transformation. If this is not the case additional efforts may be justified to improve the 

knowledge base to support this indicator. Given the packaging supply chain land use can 

be of major importance in view of sourcing agricultural raw materials to produce 

packaging. For minerals and fossil fuels in the direct packaging materials supply chain 

(foreground-system) the amount of land being used relative to the assessed product 

may be relevant which has to be checked by case. For transportation, recycling and 

manufacturing land use may not deliver additional useful information.  Where land-

filling is practiced to a larger extent the end of life phase has to be considered in this 

context as well.  

7. When do I have to use/select/consider this indicator? 

It may be particularly relevant to consider this indicator to help detect areas of potential 

concern where emphasis on other factors may lead to burden shifting – either between 

or within systems. Or in situations where it is expected that land use may be an issue. 

For example: a switch from renewable to non-renewable resources used in packaging 

materials can lead to an increase in land occupation as agricultural practices and 

forestry occupies larger surfaces per unit of material produced. In energy generation, 

coal strip mining can be a major contributor to an increase in land use.  
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A simple indicator for land use without specifying the industrial activity performed on 

the occupied land and the time over which this activity is running is however a very 

weak indicator of environmental impacts.  

8. How specific can I interpret the resulting indicator? 

By itself, the area of land occupied and transformed (i.e. without supporting 

information on the change in land quality) is not a reliable indicator of environmental 

impact. For example, a nature reserve and an industrial production site might occupy 

the same land surface, but the environmental consequences of that occupation will be 

considerably different.  

Due to the complexity in impacts and cause – effect relationships an aggregation and 

interpretation of different land uses across the whole life cycle may not give additional 

insights. Therefore any interpretation needs to be balanced with other indicators and in 

view of the limitations of the methodologies involved.  

9. How can I reduce uncertainty & evaluate the significance of an impact? 

The indicator, land use is based on a physical measure of surface area and therefore has 

a relatively low uncertainty. Variations might arise from hypotheses made with respect 

to the required surface for a particular activity. 

However, when it comes to assessing impacts, although impact assessment methods 

exist for land use, the scientific community agrees that these need to be submitted to 

extensive testing and characterization factors with regional / local relevance need to be 

developed before any conclusions can be drawn as to the reliability of the assessment 

method.  

In practice the land use indicator can be used as a ‘flag’ indicating areas of potential 

concern which can perhaps best be investigated by means other than LCA.  

10. Whom to ask, where to look at? 

Land use in terms of occupation and transformation is increasingly measured readily 

available in life cycle inventories for many processes. 

Impact assessment methods for land use are available in several impact assessment 

methodologies readily available in LCA software:  

ReCiPe (land occupation & land conversion) http://www.lcia-recipe.net  

S. Humbert et al., IMPACT 2002+: User Guide Draft for version 2.1 (land occupation 

expressed as m
2
 Organic arable land eq × year PDF.m

2
.yr. 

http://www.syntonie.net/pub/impact/  
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Economic – Indicators/Metrics 

Introduction 

Economic indicators and metrics allow to, 1) understand if and how packaging is 

meeting marketplace performance and sustainability expectations while controlling 

costs; and 2) track overall operating efficiency. Packaging that meets environmental and 

social criteria for sustainability but is cost prohibitive or fails to meet marketplace 

performance expectations is not sustainable packaging. Therefore, it is important to 

track packaging cost and performance as a critical market check and balance against the 

other sustainable packaging criteria and to facilitate understanding of an organization’s 

overall operating efficiency and value creation. However, due to issues related to 

competition and anti-trust laws, cost measurement data that may be collected in 

accordance with the indicators and metrics provided in this framework may not be 

appropriate for sharing with supply chain partners, with customers or in external 

reports. 

Total Cost of Packaging 

Definition 

The total cost of all materials, energy, equipment and direct labor used during the 

sourcing of raw, recycled and reused materials and the production, filling, transport 

and/or disposal4 of packaging materials, packaging components or units of packaging. 

Metric 

Cost per functional unit of final packaging material, packaging components, packaging 

or time. 

Examples 

• $ / kilograms of final packaging material 

• € / 1000 units of packaging 

• € / year based on production rate 

What to Measure 

Measure the cost of all materials, the direct and indirect cost of energy, the direct cost 

of equipment and the direct cost of all human resources used during the growth, 

harvest or extraction and processing of raw materials, processing of recycled or reused 

materials, production of final packaging materials, conversion of final packaging 

materials into packaging components, assembly of final packaging components into 

                                                             

4
 Depending on local, regional or national policies, regulations and legislation pertaining to waste management, organizations may not 

currently track the cost associated with disposal of the packaging they produce or use. Organizations that do not track this cost now should 

consider tracking it in the future. All organizations should be transparent as to whether disposal costs are or are not included in the total 

cost of packaging and how disposal cost data is collected. 
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units of packaging, filing of packaging units, transport of raw, recycled, reused or final 

packaging materials, packaging components or units of packaging and end-of-life 

processing of packaging. Direct labor costs should be calculated as “fully loaded” costs 

— not just wages or salary. Measurement should include facility and equipment 

operating and maintenance costs that are directly related to the packaging processes 

specified here. Energy and utility costs associated with shipping and receiving 

operations should be proportionally allocated by volume of packaging and volume of 

product if both are handled within one facility.  If packaging is warehoused, include all 

costs associated with the warehouse facility. Include waste disposal costs, compliance 

costs and cost of research that is directly related to the resources and processes 

specified here. 

What not to Measure 

Do not include any indirect labor costs. An example of indirect labor cost would include 

but not be limited to cost of sales personnel. Do not include facility operating overhead 

that is not directly related to the processes specified here. Do not include cost of 

handling or transporting packaging that contains product. 

Packaging Service Value
5
 

Definition 

The ratio of packaged product value to packaging value. 

Metric 

Value of packaged product delivered divided by value of resources (materials and 

embedded energy) used for the packaging. 

Examples 

• $ of packaged product ÷ $ of packaging 

What to Measure 

Calculate the total cost of packaging, and then determine the ratio of the stated 

packaged product value to the calculated cost (value) of the packaging. 

What not to Measure 

N/A 

Packaged Product Wastage  

Definition 

The value of packaged product lost due to packaging failure. 

 

                                                             

5
 If this indicator/metric is used to compare performance, the comparison should be made only among packaging with the same 

application, e.g., milk cartons to milk jugs vs. milk cartons to cereal boxes. 
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Metric 

Cost of packaged product lost or returned plus cost of the product’s packaging per 

functional unit, e.g. number of servings. 

Examples 

• $ of packaged product + $ of packaging lost / 10,000 units of sales packaging 

What to Measure 

Calculate the total cost of a unit of sales packaging. Add that cost to the stated value of 

the lost or returned product. Include the cost of primary and secondary packaging. 

What not to Measure 

Do not include the cost of transport packaging unless there is bulk product loss due to 

failure at the transport system level. 

Life Cycle Embodied Energy Protection  

Definition 

The ratio of energy invested in packaging to the energy invested in product and 

packaging lost due to packaging failure. 

Metric 

Life cycle cumulative energy demand per packaging system divided by the life cycle 

cumulative energy demand per the corresponding quantity of product and packaging 

lost due to packaging failure. 

Example 

• Megajoules / packaging system ÷ Megajoules / product and packaging system 

What to Measure 

Perform a life cycle assessment of the packaging and the product limiting the boundary 

and scope of the assessment to cumulative energy demand (renewable and non-

renewable). If it is not possible to collect organization-specific LCI performance data, use 

relevant industry average LCI data. 

What not to Measure 

Do not measure the physical or functional attributes or conditions of the packaging or 

product other than those related to energy use. 
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Social – Indicators/Metrics 

Introduction 

The social indicators and metrics allow to, 1) understand how workers across the supply 

chain are treated; and 2) track progress toward ensuring equitable, safe and healthy 

working conditions for all workers. Stakeholders from consumer groups to social 

investment managers are increasingly interested in the social performance of 

organizations, particularly regarding labor practices. Stakeholders’ interests do not end 

at corporate boundaries but continue across global supply chains. The increased focus 

on corporate social responsibility over the last decade has helped to improve working 

conditions around the globe, yet inequitable, unsafe and unhealthy working conditions 

still exist. Measuring worker benefits and impacts across the supply chain is an 

important risk management strategy that can help protect an organization’s corporate 

image and brand reputation while improving the quality of life for all workers. 

Product Safety 

Definition 

The percentage of shipped products recalled for safety issues related to packaging. 

Metric 

Total number of products recalled divided by total products shipped per functional unit 

of time (measure by product and packaging type). 

Example 

• # products recalled ÷ # products shipped / year 

What to Measure 

Measure the number of products that are recalled because of packaging failure as a 

percent of the total number of products shipped. Take measurements separately by 

product and packaging type. 

What not to Measure 

Do not include number of product safety recalls for reasons unrelated to packaging. 

Packaged Product Shelf Life  

Definition 

The ratio of a product’s shelf life in packaging to a product’s shelf life without packaging. 

Metric 

Shelf life of product in packaging divided by shelf life of product without packaging. 
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Example 

• Months in packaging ÷ months without packaging  

What to Measure 

Measure the length of time a product in packaging is suitable for sale compared to a 

product not in packaging. Compare only same product types in same packaging types. 

What not to Measure 

Do not take and compare measures of different types of products in the same types of 

packaging or of same types of products in different types of packaging. 

End-of-Life Communications  

Definition 

Consumer-focused communications (labeling, icons, website, etc.) to support 

appropriate end-of-life management of packaging components or units of packaging is 

used. 

Metric 

Yes with substantiating documentation or No. 

Example 

• Yes with substantiating documentation 

• No 

What to Measure 

N/A 

What not to Measure 

N/A 

Community Investment  

Definition 

The value of investments made in community projects related to packaging such as 

recycling education programs or recycling infrastructure development, etc. 

Metric 

• Investment per functional unit of time, including description of project(s) 

supported. 

Example 

€ / year 

What to Measure 

Measure contributions given to or investments made in any/all packaging-related 

community project(s). Include a description of the project(s) supported. 
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What not to Measure 

Do not include contributions given to or investments made in any community project 

that is not packaging-related. 

Child Labor  

Definition 

Incidents involving child labor, as defined by the International Labor Organization (ILO), 

related to the sourcing of raw, recycled and reused materials and the production, filling 

and/or transport of packaging materials, packaging components or units of packaging. 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on child labor in 

work environments related to the growth, harvest or extraction and processing of raw 

materials, processing of recycled or reused materials, production of final packaging 

materials, conversion of final packaging materials into packaging components, assembly 

of packaging components into units of packaging, filling of packaging units and transport 

of raw, recycled, reused or final packaging materials, packaging components or units of 

packaging. For additional guidance, refer to SA8000. 

What not to Measure 

Do not include audit data on child labor in work environments that are not directly 

related to the packaging supply chain functions specified here. Those auditable 

conditions should be measured and tracked at the enterprise level.  

Forced or Compulsory Labor
6
  

Definition 

Incidents involving forced or compulsory labor, as defined by the International Labor 

Organization (ILO), related to the sourcing of raw, recycled and reused materials and the 

production, filling and/or transport of packaging materials, packaging components or 

units of packaging. 

 

                                                             

6
 Forced/compulsory labor includes involuntary prison labor. 
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Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on forced or 

compulsory labor in work environments related to the growth, harvest or extraction and 

processing of raw materials, processing of recycled or reused materials, production of 

final packaging materials, conversion of final packaging materials into packaging 

components, assembly of packaging components into units of packaging, filling of 

packaging units and transport of raw, recycled, reused or final packaging materials, 

packaging components or units of packaging. For additional guidance, refer to SA8000. 

What not to Measure 

Do not include audit data on forced or compulsory labor in work environments that are 

not directly related to the packaging supply chain functions specified here. Those 

auditable conditions should be measured and tracked at the enterprise level. 

Freedom of Association and/or Collective Bargaining 

Definition 

Incidents involving the failure of an organization to inform workers involved in the 

sourcing of raw, recycled and reused materials and the production, filling and/or 

transport of  packaging materials, packaging components or units of packaging, that 

they have the right to form, join and organize a trade union and to bargain collectively, 

as defined by the International Labor Organization (ILO); and/or incidents involving 

restriction or denial of the right to association and bargain collectively; and/or incidents 

involving worker discrimination, intimidation or other retaliation for reasons related to 

association or collective bargaining. 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 
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What to Measure 

As appropriate to your position in the supply chain, collect audit data on freedom of 

association and collective bargaining in work environments related to the growth, 

harvest or extraction and processing of raw materials, processing of recycled or reused 

materials, production of final packaging materials, conversion of final packaging 

materials into packaging components, assembly of packaging components into units of 

packaging, filling of packaging units and transport of raw, recycled, reused or final 

packaging materials, packaging components or units of packaging. For additional 

guidance, refer to SA8000. 

What not to Measure 

Do not include audit data on freedom of association and collective bargaining in work 

environments that are not directly related to the packaging supply chain functions 

specified here. Those auditable conditions should be measured and tracked at the 

enterprise level. 

Discrimination  

Definition 

Incidents of discrimination, as defined by the International Labor Organization (ILO), 

related to the sourcing of raw, recycled and reused materials and the production, filling 

and/or transport of packaging materials, packaging components or units of packaging 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on discrimination 

in work environments related to the growth, harvest or extraction and processing of 

raw materials, processing of recycled or reused materials, production of final packaging  

materials, conversion of final packaging materials into packaging components, assembly 

of packaging components into units of packaging, filling of packaging units and transport 

of raw, recycled, reused or final packaging materials, packaging components or units of 

packaging. For additional guidance, refer to SA8000. 

What not to Measure 

Do not include audit data on discrimination in work environments that are not directly 

related to the packaging supply chain functions specified here. Those auditable 

conditions should be measured and tracked at the enterprise level. 
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Excessive Working Hours  

Definition 

Incidents of excessive work hours, as defined by the International Labor Organization 

(ILO), related to the sourcing of raw, recycled and reused materials and the production, 

filling and/or transport of packaging materials, packaging components or units of 

packaging. 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation  

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on excessive work 

hours in work environments related to the growth, harvest or extraction and processing 

of raw materials, processing of recycled or reused materials, production of final 

packaging materials, conversion of final packaging materials into packaging 

components, assembly of packaging components into units of packaging, filling of 

packaging units and transport of raw, recycled, reused or final packaging materials, 

packaging components or units of packaging. For additional guidance, refer to SA8000. 

What not to Measure 

Do not include audit data on excessive work hours in work environments that are not 

directly related to the packaging supply chain functions specified here. Those auditable 

conditions should be measured and tracked at the enterprise level. 

Remuneration  

Definition 

Incidents involving failure to pay wages and provide benefits and terms of employment 

that meet legal, minimum requirements and the industry benchmark to workers 

involved with the sourcing of new, recycled and reused materials and the production, 

filling, and/or transport of packaging materials, packaging components or units of 

packaging. 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 
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• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on remuneration 

in work environments related to the growth, harvest or extraction and processing of 

raw materials, processing of recycled or reused materials, production of final packaging 

materials, conversion of final packaging materials into packaging components, assembly 

of packaging components into units of packaging, filling of packaging units and transport 

of raw, recycled, reused or final packaging materials, packaging components or units of 

packaging. For additional guidance, refer to SA8000. 

What not to Measure 

Do not include audit data on remuneration in work environments that are not directly 

related to the packaging supply chain functions specified here. Those auditable 

conditions should be measured and tracked at the enterprise level. 

Occupational Health 

Definition 

Provision of a clean and healthy work environment and, as applicable, dormitory 

facilities that meet OSHA and/or EU - OSHA requirements for all workers involved with 

the sourcing of raw, recycled and reused materials and the production, filling and/or 

transport of packaging materials, packaging components or units of packaging. 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on occupational 

health conditions in work environments related to the growth, harvest or extraction and 

processing of raw materials, processing of recycled or reused materials, production of 

final packaging materials, conversion of final packaging materials into packaging 

components, assembly of packaging components into units of packaging, filling of 

packaging units and transport of raw, recycled, reused or final packaging materials, 

packaging components or units of packaging. 
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What to Measure 

Do not include audit data on occupational health conditions in work environments that 

are not directly related to the packaging supply chain functions specified here. Those 

auditable conditions should be measured and tracked at the enterprise level. 

Safety Performance 

Definition 

The number of health and safety incidents related to the sourcing of raw, recycled and 

reused materials and the production, filling and/or transport of packaging materials, 

packaging components or units of packaging. 

Metric 

Satisfactory, needs improvement, needs major improvement or unacceptable. 

Example 

• Satisfactory with substantiating third-party audit documentation 

• Needs Improvement as specified in third-party audit documentation 

• Needs Major Improvement as specified in third-party audit documentation 

• Unacceptable as specified in third party audit documentation — immediate 

action required 

What to Measure 

As appropriate to your position in the supply chain, collect audit data on safety incidents 

related to the growth, harvest or extraction and processing of raw materials, processing 

of recycled or reused materials, production of final packaging materials, conversion of 

final packaging materials into packaging components, assembly of packaging 

components into units of packaging, filling of packaging units and transport of raw, 

recycled, reused or final packaging materials, packaging components or units of 

packaging. 

What not to Measure 

Do not include incidents that are not directly related to packaging supply chain 

functions specified here. Those incidents should be measured and tracked at the 

enterprise level. 

Responsible Workplace Practices 

Definition 

Organization has an enforced written business code of conduct — inclusive of 

procedures for verification and remediation — stating that the organization is 

committed to conducting its operations in an ethical, legal and socially responsible 
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manner and further detailing appropriate treatment
7
 of all packaging workers, including 

those employed by suppliers, contract and sub-contract manufacturers and other 

service providers. 

Metric 

Satisfactory, needs improvement, needs major improvement. 

Example 

• Satisfactory: has a business code of conduct and can provide substantiating 

documentation to guarantee implementation in own company as well supplier 

adherence 

• Needs Improvement: has a business code of conduct but it is not fully 

implemented an/or lacks a verification system or does not have a formal 

business code of conduct and verification system but company practices meet 

or exceed standard requirements 

• Needs Major Improvement: does not have a business code of conduct or any 

equivalent commitment to or demonstration of ethical and responsible 

behavior 

What to Measure 

N/A 

What not to Measure 

N/A 

References:  Social – Indicators/Metrics 

• US - OSHA Standards, US Department of Labor, Occupational Health & Safety 

Administration. 

• EU – OSHA Standards, European Agency for Safety & Health at Work. 

• International Labour Standards, International Labour Organisation (ILO) 

(http://www.ilo.org/) 

• SA8000:2008 Workplace Standard, Social Accountability International 

(http://www.sa-intl.org/). 

                                                             

7
 A business code of conduct should, at a minimum, address sexual harassment, racial or gender discrimination, fair and equitable wages, safe 

and healthy working conditions and compliance with internationally accepted child and compulsory labor standards. The SA8000 standard is a 

good reference for developing an appropriate business code or ensuring existing code addresses current responsible business 

practice expectations. 



 62 

 

ANNEX 1 – Selling & Transport Unit Cube Utilization Protocols 

Selling Unit Cube Utilization 

Cube Utilization (CU) is the overall volumetric measurement of packaging design efficiency. 

Selling Unit Cube Utilization is abbreviated as SUCU and is expressed as the ratio of product 

volume to selling unit volume.  

Product volume is the actual volume of the liquid, solid, item, etc that is being packaged. 

(See table below for details)  

Selling unit volume is the volume of the cubic shape the package takes up 

on the shelf.  (length (L) x width (W) x height (H) , regardless of the shape of 

the package).  

Increase of CU can improve sustainability by reducing packaging material, shipping, handling 

and storage or retail space. The limitations of how much CU can increase are: loss 

prevention, damage control, packaging aesthetics, etc.  

Equations 

• SUCU equals the product volume divided by selling unit volume.  

• Product volume must have the same unit of measure as the selling unit volume. 

If necessary use unit conversion factors. (Selling unit volume is typically in cubic 

inches or cubic cm. Product volume will need to be converted as necessary.)  

• SUV = SL X SW X SH  

• Most SUCU values will be less than 1. However, some products do take up the 

entire amount of selling unit volume resulting in SUCU = 1. (For these products, 

the packaging does not add ANY volume to the selling unit and the selling unit is 

fairly rectangular so selling unit and product volumes are calculated the same 

way. A folded towel with no shelf unit packaging would have SUCU = 1. A ball 

with no packaging would have SUCU = 0.524 since product volume is based on a 

sphere and selling unit volume is based on a cube.)  

• Do not use water immersion as a method for calculating product volume. While 

more accurate, this is not a method that can be consistently applied by all 

suppliers for all products.  

Definitions for equations 

• SUCU = Selling Unit Cube Utilization (three significant figures)  

• SUV = Selling Unit Volume  

• SL = Maximum Selling unit length  

• SW = Maximum Selling unit width  

• SH = Maximum Selling unit height  

• Note: for round packages, SW and SL are equal to the diameter. The volume is 

based off of a cube that fits around the package.  

• PV = product volume (see table 1 below)  
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Table 1 - Determining Product Volume (PV).  

Product Form Product Volume Definition Example 

Liquid 
label volume [if product is labeled by 

weight use label weight/density] 

A 12 fluid ounce soda has a product 

volume of 12 fluid ounces or 21.7 

in
3
. 

Flowable Solids 

Labeled by Weight - 

e.g. powders, 

granules, tablets 

label weight / settled bulk density [settled 

bulk density is the bulk density of the 

product as it sits on the shelf.] 

A 5kg bag of sugar (with a bulk 

density of 0.849 g/ cm
3
) has a 

product volume of 5,889 cm
3
  

Flowable Solids 

Labeled by Count 
count x (average volume per known count) 

A 50ct bottle of tablets (1000 

tablets require 1000 cm
3
) has a 

product volume of 50 cm
3
 . 

Product sold by 

surface area - non-

compressible (e.g. 

films, wrapping 

paper) See below for 

exception. 

Total surface area x thickness [thickness is 

the average thickness of the product as it 

sits on the shelf] 

A 100ft roll of aluminum foil that is 

12in wide and 0.02in thick has a 

product volume of 288 in
3
. 

Products sold by 

surface area - 

compressible 

products. 

Compressible products sold on rolls, like 

paper towels, may have different thickness 

from inside to outside of the roll. In this 

case use the volume of the roll minus the 

volume of the core. In both cases volume is 

calculated as a cylinder.  

 

Compressible products like tissues or quick 

clean sheets use volume as in the package 

(not allowed to expand outside of package). 

A roll of toilet paper that is 4" high 

and 5" diameter with a 1.3" outside 

diameter core has a product 

volume of 73.2 in
3
. 

(4x((3.14x5x5/4)-(3.14x1.3x1.3/4))  

 

A stack of sheets is 3" x 4" x 5" in 

the carton. Product volume is 60 in
3
 

(3 x 4 x 5). 

Products sold by 

length (e.g. floss, 

hose, rope) 

Cross sectional area x length [calculate 

cross sectional area as the smaller of a 

circle or rectangle. If cross sectional area 

varies, determine volume for each section 

with a uniform cross sectional area and add 

the volumes for a total volume. If product 

has continuous variation in cross section, 

use an average value.] 

A hose that has a 1" outer diameter 

for 50 ft plus a fitting on one end 

that is 1" long and 1.5" diameter, 

has a volume of 473 in
3
. 

(50x12x3.14/4 + 1x1.5x1.5x3.14/4) 

Single Object 

Smallest volume (rectangular solid, 

cylinder, sphere or triangular solid) the 

object will fit into as packaged (not in the 

final assembled state). 

A TV with outer dimensions 50" x 

10" x 30" has a product volume of 

15,000 in
3
. 

Multiple Objects - 

Bulk Packed [packed 

together without 

separate packaging 

for each object.] 

Labeled weight/ settled bulk density, or 

Smallest volume (rectangular solid, 

cylinder, sphere or triangular solid) the 

objects will fit into as packaged (not in the 

final assembled state). 

A tub of various building blocks fits 

into a cylinder with a diameter of 

10 in. and a height of 20 in. The 

product volume is 785 in
3
. 

Multiple Objects - 

Individually Packed 
Sum of individual object volumes. 

Three figurines are sold in one 

package. They fit into cylinders with 

volumes of 125 in
3
, 100 in

3
, and 200 

in
3
. The product volume is 425 in

3
. 
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Multiple Objects - 

Nested 

If an object nests with or fits inside another 

object as it sits on the shelf, determine the 

volume as though they are a single object. 

A stack of 25 cups fits into a 

cylinder with a diameter of 4 in. 

and a height of 12 in. The product 

volume is 151 in
3
. (2^2 x pi x 12) 

If none of the options 

above apply. 

Smallest volume (rectangular solid, 

cylinder, sphere or triangular solid) the 

product will fit into. 

 

 

Table 2 - Determining Selling Unit Volume (SUV)8. 

Packaging Shape  
Selling Unit Volume 

Definition  
Example  

Cube  Length × width  × height  

A bath towel is labeled with an adhesive sticker 

(no additional packaging). At the store, the towel 

is folded into a rectangular shape with 

dimensions: length = 10"; width = 8"; height = 4"  

 

SUV = 10" × 8" × 4" = 320 in
3
 

Round  Length ×width × height  

A ball is labeled with an adhesive sticker (no 

additional packaging). Dimensions are: length = 

10"; width = 10", height = 10"  

 

SUV = 10" × 10" × 10" = 1000 in
3
  

Any other shape  Length ×width × height 

A tube of lip balm is packaged in a carton with 

header card. The outermost dimensions are: 

length = 3"; width = 0.5", height = 4"  

 

SUV = 3" × 0.5" × 4" = 6 in
3
  

 

 

                                                             

8
 Selling unit volume is always defined as the length times width times height, regardless of 

shape. 
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Table 3 - Determining Selling Unit Cube Utilization (SUCU).  

Item  Product Volume Definition  
Selling Unit 

Volume Definition  
SUCU Calculation  

Bottle of water - 16 

fluid ounces 

Dimensions: 3" x 3" 

x 8"  

Volume of the liquid  

 

PV = 16 fluid ounces = 28.88 in
3
 

Length times width 

times height  

 

SUV = 3" x 3" x 8" = 

72 in
3
 

SUCU = PV / SUCU = 

28.88 / 72 = 0.401  

Ball - Diameter = 10''  

Volume of ball  

 

PV = 4/3 x pi x (5")^3 = 523.33 in
3
 

Length times width 

times height  

 

SUV = 10" x 10" x 

10" = 1000 in
3
 

SUCU = PV / SUCU = 

523.33 / 1000 = 

0.523  

Can of dog food - 6 

lbs 

Density: 

1 lbs/16 fluid ounces 

Dimensions: 

5" x 5" x 10"  

Volume of dog food  

 

Convert 6 lbs of dog food to 

volume, using the density of the 

product.  

 

PV = 6 lbs x (16 fluid ounces / 1 

lbs) 

= 96 fluid ounces 

=173.25 in
3
 

Length times width 

times height 

 

SUV = 5" x 5" x 10" 

= 250 in
3
 

SUCU = PV / SUCU 

= 173.25 / 250 = 

0.693  

Benefits of Increasing Cube Utilization  

• Less packaging material: primary, case and transportation.  

• Fewer truck loads for products that cube-out a truck.  

• Fewer unit loads to handle.  

• More selling units on the shelf.  

Options to consider increasing Cube Utilization:  

• Smaller package footprint. For a bottle this means more rectangular but does not 

mean it needs to look like a rectangle.  

• Less headspace, especially for products sold in cartons or other rectangular 

packages.  

• Change the package height to fully utilize the available pallet height. Taller/thinner 

packages or shorter/deeper packages with an additional layer per pallet.  

• Change round containers to square or rectangular.  

• Case sizing and pallet pattern that fully utilizes the pallet.  

• Divider design that reduces the case size.  

• Eliminate the case or other secondary packaging.  

• Novel shipping platform that takes less volume than a wood pallet.  

• Design packages so they nest.  

• For flexible products, tighter packaging to compress the product.  
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Transport Packaging Cube Utilization 

Transport cube utilization (TCU) is equal to volume of all selling units divided by volume 

of transport unit (usually a pallet). Increase of CU can improve sustainability by reducing 

packaging, material, shipping, handling and storage or retail space.  

Equations  

• TCU is equal to volume of all selling units divided by volume of transport unit 

(usually a pallet).  

Definitions for equations 

• TCU = Transportation Cube Utilization (three significant figures)  

• SUV is selling unit volume. Use the same value as used to determine SUCU, 

unless products ship nested. If products ship nested, treat them as one object 

and determine the SUV as shipped using the table in the SUCU section.  

• Count = number of selling units in the transportation unit.  

• TPV = volume of the transport unit, including the pallet.  

• See table 4 and 5 below  

Table 4: How to calculate transport unit volume for transport cube utilization.  

Type of 

Shipment  

Transport Unit Volume 

Definition  
Example  

Pallet or other 

shipping 

platform  

Unit load length x unit load 

width x unit load height 

(including platform) 

NOTE: 

For each of the above, use the 

greater value: actual length or 

48'', actual width or 40'', actual 

height or 52''  

A unit load of cleaning products is shipped on a Chep 

pallet with 1" of underhang on each side. The total 

height of the load is 51.50" (floor to top of load). 

TPV = 48 x 40 x 52 = 99,840 in
3
 

 

A unit load of frozen food is shipped on a white wood 

pallet. The cases of frozen food overhang the pallet, 

resulting in unit load footprint dimensions of 49" x 41". 

The total height of the load is 75" 

TPV = 49 x 41 x 75 = 150,675 in
3
 

Short stacked 

shipping 

platform.  

If the number of layers on a 

pallet are typically reduced for 

shipment, use the TPV 

calculation above. Use the 

Count of selling units typically 

shipped rather than the count 

on a full pallet to calculate 

TCU.  

During production, product is palletized four layers 

high, with a total of 400 selling units per pallet. Normal 

shipments are two layers high. Use a count of 200 to 

calculate TCU. Material weights should be entered 

corresponding to the unit load with 200 units.  

Mixed product 

on a shipping 

platform (see 

below for 

display pallets)  

If different products are 

typically combined on a pallet, 

calculate the TPV separately 

for each product as though the 

complete pallet (regular or 

short stacked) was being 

shipped.  

Two products are combined on a pallet for normal 

shipments. The first product has cases 11" high and 

there are two layers on the pallet. The second product 

has cases 7" high and there are three layers on a pallet. 

Calculate TPV for the first product based on a pallet 

four layers high (a complete pallet). Calculate TPV for 

the second product based on a pallet six layers high (a 

complete pallet). 

 

Note: Material usage weights, type, and number of 

selling units should correspond to the complete 

(regular or short stacked) pallet.  
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Display pallet  

TPV for a display pallet that 

that is all the same selling unit 

is calculated as above.  

See the Display Pallet Help 

document on the help 

documents page. 

 

Floor loaded  

Volume of the most used 

container or truck. Length x 

width x height. Assume a full 

truck load even if this is not the 

norm.  

A floor loaded sofa is typically put into a truck with 

inner dimensions: 474" x 92" x 110". 

TPV = 4,796,880 in
3
 

Direct Import  

Volume of the most used 

container. Length x width x 

height. Assume a full container 

load of each product even if 

this in not the norm.  

A floor loaded dishware product is loaded into a sea 

container with inner dimensions 474" x 92" x 105". 

TPV = 4,578,840 in
3
 

 

Table 5 - Determining Transport Cube Utilization (TCU)  

Item  Volume of all selling units  
Transport Unit Volume 

Definition  

SUCU 

Calculation  

Bottle of water - 

16 fluid ounces 

Dimensions: 

3'' x 3'' x 8'' 

1000 bottles per pallet 

Unit load dimensions (with 

pallet): 

48'' x 40'' x 45''  

SUV times count 

(SUV calculated per Table 1; 

length x width x height)  

 

= (3'' x 3'' x 8'') x 1000 

= 72,000 in
3
 

Unit load length x unit load 

width x unit load height 

(including platform)  

 

TPV = 48 x 40 x 52 = 99,840 

in
3
 

 

NOTE: per table 4 

directions, used 52'' as 

height rather than 45''  

TCU =  

(SUV x 

count) / TPV  

= 72,000 / 

99,840  

=0.721  

Lip balm  

(Packaged in a carton with 

header card)  

Outermost dimensions:  

3'' x 0.5'' x 4''  

Product nested in case. 25 

units per case with ID's 10'' 

x 12'' x 10''  

64 cases per pallet  

Unit load dimensions (with 

pallet):  

48'' x 40'' x 45''  

SUV times count  

(SUV calculated per Table 1 

multiple objects- nested)  

 

= [volume of product / # of 

items in that volume] x 

total items in unit load  

= [case ID / # of items per 

case] x items per pallet  

= [(10" x 12" x 10") / 25] x 

(64 x 25)  

= 76,800 in
3
  

Unit load length x unit load 

width x unit load height 

(including platform)  

 

TPV = 48 x 40 x 52 = 99,840 

in
3
 

 

NOTE: per table 4 

directions, used 52'' as 

height rather than 45''  

TCU =  

(SUV x 

count) / TPV  

= 76,800 / 

99,840  

= 0.769  

 

Benefits of Increasing Cube Utilization 

• Less packaging material: primary, case and transportation.  

• Fewer truck loads for products that cube-out a truck.  

• Fewer unit loads to handle.  

• More selling units on the shelf.  
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Options to consider increasing Cube Utilization 

• Smaller package footprint. For a bottle this means more rectangular but does not 

mean it needs to look like a rectangle.  

• Less headspace, especially for products sold in cartons or other rectangular 

packages.  

• Change the package height to fully utilize the available pallet height. Taller/thinner 

packages or shorter/deeper packages with an additional layer per pallet.  

• Change round containers to square or rectangular.  

• Case sizing and pallet pattern that fully utilizes the pallet.  

• Divider design that reduces the case size.  

• Eliminate the case or other secondary packaging.  

• Novel shipping platform that takes less volume than a wood pallet.  

• Design packages so they nest.  

• For flexible products, tighter packaging to compress the product  

 


