
The Carbon Footprint: 
A Life Cycle Overview Approach to Evaluate Product Impact in 
Development 
 
JohnPaul Kusz, Associate Director, Center for Sustainable Enterprise 
Stuart Graduate School of Business and Institute of Design, Illinois Institute of Technology 
 
What’s Your Carbon Footprint? 
This question has been asked of the general population in recent commercials sponsored by 
companies like the British Petroleum Company and other entities that are working to make 
consumers aware of the effects of our lifestyles on the environment. For an individual, the 
question is difficult, if not impossible, to answer.1, 2

It’s a question whose answer is a mandate in countries that have signed the Kyoto Protocol.3 
It is an answer voluntarily submitted by many other companies and organizations that have 
engaged in cross-sector efforts to reduce and offset carbon, or CO2, emissions through a free-
market trading scheme. London and U.S.-based exchanges have made the voluntary 
company-to-company trading of carbon credits possible in much the same way that sulfur 
dioxide (SO2) credits have been traded for many years to reduce emissions of SO2, a 
precursor of acid rain, from power generating plants and industry. These exchanges trade 
carbon credits on a market-derived, dollar/ton basis. The trading price reflects the difficulty of 
accruing credits that are granted for each ton of CO2 reduction that is below predetermined 
reduction targets.4 The targets move down from year-to-year, resulting in an incentive to 
improve performance and a potential increase in the cost of buying credits to offset emissions 
that exceed an individual company’s allowance. The Kyoto Protocol includes five other 
greenhouse gases whose emission factors have been normalized to a CO2 equivalent. These 
are methane (CH4), nitrous oxide (NO), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 
and sulfur hexafluoride (SF6). 
The carbon footprint, to which the Kyoto Protocol refers, is a metric related to the emissions 
from four sectors: 

• Energy—energy production, manufacturing, (facilities that generate energy, extract and 
convert base materials, and manufacture products) and transport 

• Industrial processes—mineral, chemical and metals production 
• Solvent and product use 
• Agriculture 
The emissions are aggregated by industry, per country, and per capita. They largely account 
for emissions on the supply side of the equation, prior to the point of use by the consumer.3

The question, “What’s your carbon footprint?” when being asked to the general population, 
relates to individual generation of CO2 or their equivalents by consumers. These emissions 
are calculated as a function of individual, or household activity, primarily related to energy 
consumption in the home and in transportation. 
Web-based calculators are available to give the consumer a limited estimate of the CO2 that 
an individual or household generates based on the use of energy at home, for heating space 
and water; lighting; and operating appliances. Also included is travel, based on miles/mode of 
travel selected, such as auto, bus, train, and air. While these calculators do not generate a 
comprehensive carbon footprint profile, they do afford the users the opportunity to assess 
behavior and adjust living and buying habits to reduce their footprint. 
The carbon footprint calculation for a company in an industry sector is also an estimate based 
on coefficients related to inputs of energy, water, and selected commodity use. Corporate 



travel can also be added to the calculation of the baseline, including business travel and 
commuting to and from the workplace by employees. Reductions that exceed the baseline 
numbers can be banked or traded on an exchange such as the Chicago Climate Exchange 
(CCX) or on the CCX London Exchange in the European Union (EU). Because the former 
exchange deals with companies and organizations in a voluntary, albeit contractual program, 
while the latter deals with companies and organizations in a mandated and legally binding 
program, the cost of offsets per ton of CO2 vary considerably and exchanges in the U.S. and 
EU are not allowed to cross trade. The difference between the two markets is considerable; 
for example, the current price per ton of CO2 in the U.S. is approximately USD 3.50, while a 
ton of CO2 in the EU ranges from USD 18.00 to USD 25.00.4 

What Does the Carbon Footprint Mean to Design? 
From both the perspective of the producer and the consumer, the CO2 footprint is fast 
becoming an accepted environmental metric of comparison for decisions taken in the 
manufacture, purchase, and use of products. Attention focused on these environmental 
attributes will drive producers to reduce energy inputs in the near term and likely cause many 
to rethink component formulation and product configuration in the long term.  
By exceeding targeted reductions of CO2, the producer can, in effect, add value to the 
enterprise and enhance image in a market demographic that is expanding. The market 
demographic, dubbed Cultural Creatives or LOHAS (Lifestyles of Health and Sustainability) 
consumers by researchers Paul Ray and Sherry Anderson, is currently valued at USD 228.9 
billion in the United States. LOHAS consumers are concerned about health, the environment, 
social justice, personal development, and sustainable living. Over USD 157.5 billion of 
purchases made by this market focus on an ecological lifestyle and sustainable living.5 6

The convergence to the common metric of CO2 emissions by the producer and the consumer 
and the continuing dialogue between these groups presents a new opportunity for design. 
The dialogue focused on environmental attributes between maker and buyer/user will enhance 
the product’s value. To some extent the dialogue has already gone mainstream. Consumer 
Reports now includes a site devoted to the environment and sustainability issues. The site, 
Green Choices (www.greenerchoices.org), enumerates the benefits associated with making 
environmentally conscious choices and addresses broader-scale environmental issues related 
to energy, climate change, agriculture, waste, and dangerous chemical substances, 
connecting the information to individual products. Energy calculators are also featured, as well 
as links to resources on local energy, water, and sewage treatment services. Products in 
several categories, from electronics to autos and food, are currently included, along with 
information on how to incorporate environmental and health considerations into a product’s 
purchase, use, recycling, and disposal. A green ratings section ranks a product’s energy, 
water, fuel efficiency, and other factors. 7 In the past, these issues were primarily the focus of 
dedicated environmental groups, such as Green Seal (www.greenseal.org) 8 in the United 
States and Environmental Choice in Canada (www.environmentalchoice.com) 9.  
As the number of consumers who preferentially buy products with positive environmental 
attributes increases, designers, and the producers they serve, will continue to gain market 
advantage in two significant ways: 

• They will have already placed the desired products in the marketplace. 

• They will have the information and credibility to participate in setting criteria for mandates 
associated with environmental attributes, whether they are mandates promulgated by a 
government agency or the criteria of a consumer interest group. 

The reduction of CO2 emissions is a top priority and is listed as such by the Organization for 
Economic Development and Cooperation (OECD). As the OECD Key Environmental 
Indicators—2004 report states:  

http://www.greenerchoices.org/
http://www.greenseal.org/
http://www.environmentalchoice.com/


“The main challenges are to limit emissions of CO2 and other GHG and to stabilize 
the concentration of GHG in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system. This implies strengthening efforts 
to implement related national and international strategies and to further de-couple 
GHG emissions from economic growth.” 

By generating innovative solutions in the design and manufacture of products that incorporate 
consideration of the CO2 emissions associated with the sourcing of materials, manufacture, 
use and disposal of a product, the designer can add another dimension to the value 
proposition, the decoupling of GHG emissions from economic growth. 
Many approaches that deal with resource management, related to material selection and 
formulation; processing and manufacture; use and final disposition have been, and continue to 
be, explored under the umbrella of life cycle design (LCD). LCD requires extensive analysis of 
the available data and the generation of new data related to stages of product’s life cycle. 
Getting the life cycle data in a timely and cost effective manner is an added constraint to 
developing products that manufacturers can claim to have been reasonably examined with 
regard to life cycle impacts. 
Life cycle design is an iterative process, whereas life cycle analysis is comparative. In both 
cases, the design process is significantly compounded when attempts to apply “comparative 
analysis” are incorporated. The layers of “impacts” that need to be considered at each stage of 
the life cycle for a complete analysis are considerable. In addition, the assessment of the 
tradeoffs amongst the impacts at different layers requires a repertoire of multidisciplinary 
knowledge to which most organizations, much less designers, have ready or timely access. 
However, designers with limited time and research resources can use a more simplified 
approach by incorporating a life cycle overview (LCO) to the design process. With a LCO, 
material selections can be made with deference to data that readily eliminates known toxics 
and persistent bio-accumulators, and criteria-based qualifiers that focus the field of selection 
to the best available choices. The design process can then target areas of concern, such as 
CO2 emissions associated with the product throughout its life cycle, its carbon footprint. 
Design decisions and innovations in the product’s formulation, configuration, and operation 
can target the concerns with a prioritized mitigation and improvement strategy. 
The opportunity to effectively target the carbon footprint has been facilitated by concern about 
climate change and the resulting Kyoto mandates and voluntary initiatives. These require an 
accurate accounting of the CO2 equivalent emissions being generated and the reductions 
being achieved by producers. 
By using a life cycle overview, the primary considerations in the design and development of a 
product (formulation, configuration, and operation) can be aligned with the life cycle stages 
(extraction, conversion, manufacture, use, disposition, and transport) with a focus on the 
reduction of CO2 and other greenhouse gases. 

Formulation 
Configuration

Operation

Extraction Conversion Manufacture Use Disposition 

Transport, Point-to-Point



An LCO approach allows the designer to reasonably assess the environmental impacts of a 
product through its design and development in a manner that can resonate with the client, the 
marketplace and the regulatory community. 
Furthermore, a carbon footprint that takes into account the emissions of the product 
throughout the product life cycle can aggregate emissions generated on a per unit basis by all 
the product’s input materials to the point of manufacture, or those inputs related to formulation. 
The formulation carbon footprint can then be added to the CO2 emissions associated with 
manufacture, or those inputs related to configuration. Finally, the formulation and configuration 
inputs associated with the product can be added to the CO2 emissions associated with the 
product’s operation, including the final disposition of the product’s materials, whereby 
embedded CO2 might be emitted as a result of entropy over the long term. 
The result: a Comprehensive Carbon Footprint of a product that includes both the C02 emitted 
and imbedded in a product throughout its life cycle. It is a CO2/product coefficient that can be 
used as a strategy driver in design and development, from materials selection (formulation) 
through, component design (configuration) and finally, management/stewardship (operation) 
of the product. 
Case Study: Introduction 
The following case study of an institutional product includes a comparative analysis of three product 
configurations in the product’s class, and an iterative assessment, including recommendations to further 
reduce the product’s carbon footprint.  

Since it was founded in 1964, PortionPac® has been a socially and environmentally conscious 
organization. It has developed products and systems that incorporate consideration of the 
environment through the conservation of energy and resources, as well as the health and 
safety of its customers and their employees. The stated goal of the company has expressed 
these concerns from the onset: “…to influence change in the janitorial profession through 
improved safety, education and recognition of the critical role of the custodial services worker.” 
The company’s product strategy was, undoubtedly inspired by the thinking of founder Syd 
Weisberg, and his expressed concerns about the environment and the unintended 
consequences of industrial development.11

The objectives of the project presented here are in keeping with the interests of PortionPac® 
in validating the company’s existing product benefits, finding new paths to further improve its 
products, and leveraging such proven benefits in the marketplace. It is the intention of the 
company that the efforts undertaken in the project will serve to make more explicit the implicit 
reasons for the company’s being and enhance the value proposition offered to its customers 
and stakeholders. 
Objectives 
In the spring of 2005, PortionPac® engaged the Center for Sustainable Enterprise (CSE) at 
the Stuart Graduate School of Business, to assess the product configuration of its products 
relative to competitive configurations. The project was initiated through the Chicago 
Manufacturing Center’s GreenPlants Program.  
Based on an initial review of the PortionPac® configuration, and two configurations of typical 
competitor products, it was determined that a comparative study could be performed using a 
life cycle of the products that quantified their environmental characteristics. 
There were two primary objectives of the study: 

1. To determine the quantitative advantages of using a portion controlled configuration in 
the distribution and use of industrial cleaners relative to two widely used alternative 
configurations,  

2. To determine what opportunities might exist to further improve the PortionPac® 
product configuration, thereby further reducing the product’s environmental footprint. 



Configuration versus Formulation 
Based on the proposal for this study, evaluators focused on the product configuration and not 
formulation. Looking at the configuration allows for reasonable comparison of known elements 
of the product packaging and delivery system. The framework developed is readily 
expandable to include a more detailed analysis, including formulation; material flows, and 
embodied energy.  
A focus on formulation to complement this overview would be advantageous in the 
development of concentrates that meet or exceed the current environmentally preferred 
product standards such as the Green Seal GS-37 standard. These standards certify the 
absence of persistent, bioaccumulative or toxic chemicals; ozone-depleting compounds; VOC 
content; hazardous waste characteristics in disposition or disposal; phosphates; butyl, glycol, 
ether or other solvents; chelating agents; and wastewater treatment problems. 
 
Life Cycle Overview and Product CO2-Footprint (Methodology) 
CSE incorporated an approach that can lead to a Life Cycle Overview (LCO) of the company’s 
entire product complement and its operations to better understand the environmental footprint 
of the company’s products and services. Data were gathered and extrapolated in a qualified 
manner to assess PortionPac® products relative to other “typical” and “hypothetical” products 
of a known, reasonable configuration. This approach limited risks associated with inaccurate 
data about competitor products. Unlike static analysis, the approach also allowed for 
adaptability to changing conditions, creating a dynamic tool that extended the shelf life of the 
analysis. The tool that was developed for the analysis allowed for a derivative approach that 
could be used to identify and target areas at different stages of the product life cycle for 
improvement in a manner, and on a schedule, that is compatible with the company’s business 
model. 
“Typical” and “Hypothetical” Products 
Initially, only “typical” products were to be compared with the PortionPac® products. “Typical” 
products are defined as off-the-shelf and generally ready-to-use products. They are bulk 
packaged in concentrate for reasonably safe dilution or provided in application containers, 
generally 1-quart spray dispensing bottles. 
Given the size of the industrial market served by dispensers that dilute concentrates on site, it 
was determined to add dispensing systems to the overview. However, a “typical” dispensing 
system is difficult to define and characterize, as size, cost, and reliability of these systems vary 
considerably. Therefore, to fairly compare the attributes of a dispensing system configuration 
with other configurations, CSE developed a model that generates a “hypothetical” dispenser 
model. The model uses reasonable assumptions, PortionPac® dilutions in the dispensing mix 
ratio and prorates the dispenser components and packaging against the throughput of 
concentrate for a given period of use. To reflect a specific configuration, the data in the model 
can be changed. Calculator templates for modeling variables in dispenser configuration, 
delivery rates and packaging were included as a deliverable in the study. 
Using the templates as an educational tool in partnership with the customer PortionPac® can 
inform a customer about environmental impacts of alternatives. The resulting information 
might compel the purchaser to make related inquiries to vendors of competing products and 
services  
Importantly, the templates are appropriate for use in comparing portioned delivery systems to 
dispensing systems in presenting to third-party certifiers. It can be presented as a benchmark 
tool for third-party evaluators such as Green Seal. 
Input measurements were normalized to reflect final product generated, thereby allowing for 
comparative analysis of differently configured products and different concentrations. 



Typical ready-to-use and bulk concentrate products were weighed and measured to determine 
the ratio of packaging material in each product relative to shipped product and to final applied 
product. The weights and measurements were then compared to those of PortionPac® to 
identify the differences in the products with a life cycle overview.  
Hypothetical dispensed products were developed with information on weights and 
concentrations from PortionPac® products, adding packaging weights and measures that 
were consistent with a likely configuration of four, 1-gallon plastic bottles per shipping box. 
Weights and volumes were considered in developing the shipping amount per common carrier 
truck trailer to evaluate the transportation impact of the packaging configuration. 
Consideration of the dispenser as a component of product delivery was evaluated and 
included as a prorated portion of the final applied product. 
 
Attributes of the Current Configuration 
Given the nature of the maintenance and janitorial environment, PortionPac® has developed 
products that are easy to manage, by both the institution and the end-user. PortionPac® uses 
“designed solutions” as a primary strategy rather than “managed solutions.” 
Given the choice, it is better to present a product that is easy to use and intuitive, as opposed 
to a product, or product system, that requires continual training, equipment maintenance, and 
supervision. The “designed solutions” approach is conservative and is in keeping with best 
design practices, focusing on reducing risk to the user and the environment. In contrast, a 
“managed solutions” approach to product delivery is more intensive in training and burdens 
the product provider with the more risks associated with untrained users and unintended 
application of the product. 
While a ready-to-use product is a “designed solution,” the economic and environmental 
burdens associated with the “ready-to-use” product’s distribution and use are problematic and 
wasteful. The current PortionPac® configuration is well designed for both transport and use. 
The packaging concept is simple and precise, allowing for intuitive use and none of the 
inconsistencies of metering devices related to portion control and reliable function. Also, from 
a risk management perspective, the individual portion product packaging is an assurance 
against product leakage and loss due to accidental rupture in transport or use. Finally, the 
end-of -life disposal of packaging related to the ready-to-use product in sprayer applications 
like glass cleaner and all-purpose cleaner is magnitudes greater than the PortionPac® 
configuration. The waste stream of these relative to the PortionPac® was 27 to 1. In bulk 
product like the floor cleaner configuration, the PortionPac® configuration was nearly half that 
of the bulk packaged product, as a percent of the total final applied product. The PortionPac® 
packaging has a significantly smaller environmental footprint and disposal impact. 
Opportunities for Configuration Improvements 
While it was not in the scope of this study to provide product design solutions, some additional 
opportunities to reduce the product footprint were identified. These include: 

• Reduction in 3-Pack Material 
A 15% reduction in the PortionPac® packet might be achievable, with relative 
reductions in the carton and outer packaging. 

• Reduction in Box Material 
The outer shipping boxes can be reduced or eliminated with replacement by shrink-
wrap or strapping. Resulting reduction in product weight would range from 3% to 5%. 



• Opportunities for Distribution Improvements 
Given the size and weight of the current PortionPac® shipping box, the number of 
boxes per pallet, and reduction/elimination of the outer shipping box; it might be 
possible to add on more Layer/Pallet of product. This might reduce the overall 
transport cost of the product by as much as 20%. 

• An Audit Scheme Related to Labeling of 3-Packs 
Given the current labeling scheme, additional information might be added to the label 
on each pack to allow for the entry of site information, such as time and place of 
product use thereby providing for an audit trail and report back to management on the 
janitorial cleaning operation. 

Additional Opportunities from the Study Results  
(Applications—Explorations) 

• A Benchmark Tool for Third Party Evaluators 
Third-party evaluators, such as Green Seal could develop a more robust criteria and 
balanced evaluation using the configuration environmental impacts associated with 
product distribution, use and disposal These assessments are possible with a life 
cycle overview tool. 

• A Field/Sales Tool for on Site Evaluation 
With a tool that clearly presents the data to potential customers and users, the 
environmental impacts and costs of distribution can be clearly demonstrated, as can 
the impacts of packaging disposal at the end of life. Both of these can then be 
targeted to increase economic and environmental benefits. 

• A Carbon Content and Emissions LCO of PortionPac® Products 
Using the model developed, a total carbon content of a product can be developed. 
The carbon footprint, or carbon report card could create a benchmark against which 
further product improvements could be measured.  
Given the increasing interest in carbon reductions, these data could be used to 
achieve CO2 reduction goals, and build a CO2-credit account that might potentially be 
traded in a greenhouse gas (GHG) emissions trading scheme. 
Notably, the carbon report card would include both CO2 embodied in the product and 
its components in manufacture; and CO2 emitted in extraction manufacture, transport, 
use, and disposal.  

• A Complete Carbon Footprint and Benchmark for PortionPac®  
The carbon report card on individual products could be expanded to reflect the carbon 
report card of the entire enterprise. An effort that could give PortionPac® an 
advantage in development, with the objective of total CO2 reduction and as a leader in 
green manufacturing. 

Conclusion 
The development of this approach has the potential, to not only improve a product’s 
environmental profile, but also to quantify a product’s carbon footprint relative to other choices 
made by the buyer/consumer, thereby allowing for the aggregation of carbon credits by an 
institutional buyer. 
The approach has been presented to the Chicago Climate Exchange (CCX) as a next step in 
developing strategies to identify and curtail greenhouse gas (GHG) emissions. It has been 
received with interest, and a preliminary exploration study is being planned. 
Providing the carbon footprint of a product to buyers and consumers will enable PortionPac® 
and its customers to make better choices regarding the total GHG emissions associated with a 
product.



Comparison of Three Products 
• Typical—Bulk, “Ready-to-Use” 
• Dispensed 
• PortionPac® (portion controlled) 

The products compared here illustrate the 
differences in configuration as a percentage of 
the final applied product. 
In terms of a LCO, the contribution of packaging 
and all the elements of the life cycle are reduced 
when the utility of the product—in this case, the 
finished product applied—can be expanded and 
more efficiently utilize the dispensing and 
packaging materials in the system. The 
PortionPac® product utilizes this strategy, 
especially in comparison to “typical” products. 
Spreadsheet calculators (not shown) illustrate 
the products in terms of the components that 
contribute to configuration, both “as shipped” 
and “as applied.” 
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 Three Glass Cleaners

The “as shipped” relationship of the product to 
packaging demonstrates the impact that the 
configuration has on the product footprint when 
transportation is included. The use of carbon 
emissions as a normalizing metric further 
demonstrates the benefits associated with 
significant reductions in packaging and the pre-
measured PortionPac® concept. 
Figure 3. As a percentage of final applied product (utility), 
the differences in the material contribution to the total 
footprint as a function of weight of the “Typical” (Ready-to-
Use) glass cleaner is a significant percentage when 
compared to PortionPac® and Dispensed Product.  
Differences between PortionPac® product and Dispensed 
product shows the PortionPac® with a slight disadvantage. 
Note: Dispensed Product is a hypothetical model. 
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