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Environmental Sustainability

• Environmental sustainability as it relates to businesses considers the production and consumption of energy 
and materials and the resulting impacts on all aspects of the planetary boundaries1 of the biosphere, not just 
carbon emissions (e.g. biodiversity, ocean acidification, land-use change, etc.) 

• Reducing energy impacts, for example, are usually associated with increasing energy efficiency while transitioning to 
more renewable energy sources

• For materials, circular economy principles come into play, where academics talk about “slowing, narrowing, and 
closing” materials flows2
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Sustainability and Business Objectives

• Some sustainability strategies - such as making manufacturing processes or the products themselves more energy 
efficient - are generally seen as a win-win from a business profitability, customer satisfaction, and sustainability 
standpoint

• Other elements of sustainability, however, might be viewed in some ways (but not all) to be in contradiction to 
objectives of business growth and profitability — for example, by costing more money to implement

• This presentation explores how academics, who are focused on reducing the environmental impact of human 
production and consumption systems, view product longevity, regardless of the impact (positive or negative) on 
business objectives

• It also presents the academic view where total sustainability impacts — across the total volume of products produced — 
are important, not just per-product impacts (as businesses normally focus on)
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Defining Product Longevity

• Product longevity/product lifetime is a device-level measurement for durable goods

• For example, it is not the measurement of how long a product model is made available for sale by a company

• Instead, “product lifetime is the duration of the period that starts at the moment a product [device] is 
released for use after manufacture and ends at the moment a product becomes obsolete beyond recovery at 
product level”3

• Obsolete is defined as “it is no longer considered useful or significant by its user”3 

• Thus, multiple users are included in this definition: “Products can have one or more use cycles, but only one lifetime. 
As long as a product’s obsolescence can be reversed, a new use cycle can be started.”3
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Product Longevity Extension and Sustainability

• Extending product longevity is one of multiple strategies to support the “slowing” of material flows

• Product longevity — especially maintaining the first customer’s use of the product4 — is seen by many 
scholars as even more important than recycling5,6

• Although they don’t dismiss the importance of recycling (or reuse for that matter), academics note that “any form of 
remanufacturing, reprocessing or recycling necessarily requires an injection of additional resources and potentially a 
degrading of the product functionality or material value”4,6

• One academic stated: “[Product] durability is one of the most obvious strategies for reducing waste and 
increasing material productivity"7
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Basic Logic of How Extending Product Longevity Creates Increased 
Sustainability

Devices used for longer 
(for any reason: better design, change in customer purchasing and care behavior, etc.) 

→ Less devices used by a consumer over time to get their same needs met 

→ Less total negative environmental impacts from device production and use 
(summed across the entire customer base and over time)

• For example, if all users replace their products half as frequently, then the environmental during the product 
production, transportation, and recycling phases are halved (but likely not the customer use phase - e.g. the energy 
required to charge an electronic device, or the hot water needed to wash clothes) 

• This benefit might be reduced — but not likely cancelled — by the impacts of repairs and maintenance (e.g. 
battery or screen replacement) that come from using a product for longer8,9

• We’re now going to go into some of the complexities (exceptions) to this general logic
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Complexity #1: Release of More Energy Efficient Models

• Sustainability professionals and academics generally look at environmental impacts across four phases: production, 
transportation, customer use, and disposal 

• In this complexity, electrical/electronic product categories with newer models delivering energy efficiency improvements 
during the customer use phase may show benefits from earlier, rather than later, device replacement

• Note: while GWP/carbon emissions may be reduced overall through early product replacement, other impact categories 
(such as human toxicity, freshwater ecotoxicity) may increase from new production of the replacement product or the 
recycling/disposal of the old product10
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Complexity #1: Release of More Energy Efficient Models (cont.)

• Studies indicate this complexity has been found to mostly be present for large appliances like refrigerators11 where the 
customer use phase dominates the environmental impacts, but not for laptops and smaller (less energy-using) 
devices4,12,13

• Overall this impact depends on actual product lifetimes, and in some studies it was indicated extended product 
longevity is the best strategy no matter the product category14

• This conclusion might need to be revisited, however, if a significant reduction in energy consumption were planned for 
a next generation product
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Complexity #2: Over-engineering Durability

• While some of extended product longevity is controlled by the consumer (e.g. upgrading to the next generation of 
product less frequently, getting a product repaired rather than replaced, treating the product with care and not breaking 
it, etc.), the design of the product (both HW and SW) itself clearly also importantly influences how long a device can be 
used

• For example, in a survey of consumers in Western Europe, it was found that consumers said that “Loss in 
original performance” was the most influential reason for replacing smartphones, although “Time for a new 
product” came in second16

• Companies can help extend product longevity by designing products to be more durable, but it is possible that this 
durability can be “over-engineered,” given actual consumer behavior17

• In the worst case, increased negative sustainability impacts from using more durable materials — without a 
corresponding increase in consumer product use time — could in fact make overall sustainability impacts for 
the product worse, not better18,19,20

• Careful modeling (and influencing!) of consumer behavior can help inform the best product design decisions from a 
sustainability impact21
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Complexity #3: Rebound Effect(s) - Background

• This is one of the most important complexities academics are studying with regards to sustainability, but also one of the 
most difficult to calculate

• It broadens the boundaries of the systems studied and includes questions like how cost savings influence consumer 
behavior

• Specifically, the rebound effect “is a divergent outcome or effect from the intended benefits caused by a 
systemic response to efficiency or technological change.”22 

• “This means that although introducing more efficient equipment or processes may generate energy savings 
or increase productivity, the rest of the system (producers and consumers) react to this change, increasing 
consumption and production”22

• One example from energy use is where a more efficient HVAC system is installed in a house, and the energy cost savings 
are simply spent by the family on setting the thermostat to a more comfortable temperature, partially or fully cancelling 
out any energy use reductions

• Rebound effect considerations can go even beyond households to indirect industry- or economy-level effects
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Rebound Effects Aren’t Always Considered

• Given the broad scope of rebound effects, estimates, too, can be quite broad (e.g. “30-100%”23)

• This uncertainty, and also a lack of knowledge about rebound mechanisms,  means that many stakeholders — 
including some academics, businesses, and even governments — have shied away from accounting for the 
rebound effect in their sustainability calculations22

• In addition, tools such as life-cycle assessment (LCA) may not be designed (or executed in such a way) to easily account 
for rebound effects24,25,26

• Nonetheless, we shouldn’t let this uncertainty deter us from paying attention to the rebound effect

• If our intention with sustainability is to truly operate within the planetary boundaries while supporting 
human needs, then the rebound effect shouldn’t be dismissed 

• An increasing amount of scholarship on the rebound effect (now for materials and not just energy) has been recently 
coming out of academia.  We’ll review some of that now.
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History of Rebound Effects

• The rebound effect was first described in 1865 by William Jevons27

• Jevons postulated that an increase in efficiency in the use of coal didn’t necessarily lead to less consumption of coal 
overall. At the time his arguments were largely dismissed without empirical data available to back them up28

• This idea — that the energy efficiency gains might be totally cancelled out by greater consumption — was later dubbed 
the “Jevons Paradox”

• Since then, most sustainability-related rebound effects studied continued to focus on energy consumption (e.g. the idea 
that increasing the fuel efficiency of cars can actually lead to increased overall CO2 emissions)

• In 2017, a paper called “Circular Economy Rebound”29 helped kickstart the academic discussion of rebound 
in materials, pointing out the possibility where “secondary production [i.e. reuse, product lifetime extension, 
etc.] does not fully displace virgin raw materials”28
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Non-energy Examples of the Rebound Effect from Academia

• “In a case study, academics evaluated the effect of a conversion to higher efficiency irrigation systems and found that the 
intended reduction in groundwater use did not occur, partly because of shifting crop patterns toward more water-
intensive crops. Other researchers found high additional water consumption due to the expansion of irrigated land, 
leading to backfire27”

• “Overall, two studies found water rebound in the order of 60–70% for China following improvements in irrigation 
technology. Another paper found a water economy-wide rebound effect of just over 100% for Spain, meaning 
that efficiency improvements in water use did not lead to reduced water consumption at the national level”27

• A study in 2023 in North Carolina found that “solid waste generation increased by 6–10% in the presence of 
curbside recycling”30

• One paper points out: “The crucial issue remains the extent to which secondary production can displace 
primary production. The extent to which this displacement can occur is dependent on market forces, which 
involve the response of buyers and suppliers to prices, as well as the willingness of buyers to switch to 
secondary products”28
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Study on the Rebound Effect for Electronics

• The availability of a market for used products is often seen as an enabler of extended product longevity, and 
as such, an enabler of improved sustainability outcomes

• A study was conducted about the used smartphone market in 2018 by Makov (Yale University) and Font Vivanco 
(University College London)23

• The researchers explored two main rebound mechanisms: (1) imperfect substitution between “re-circulated” 
(recycled, reused, etc.) and new products and (2) re-spending due to economic savings

• The study focused on used Apple smartphones sold on eBay within in the US, supplemented with a consumer survey 
about used smartphone purchase behavior (specifically, what they would have done if the specific used smartphone they 
purchased wasn’t available)
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The Rebound Effect for Electronics (cont.)

• From this, they calculated the overall change in GHG emissions from used smartphone sales and found that 
27-46% of expected environmental benefits in this category could be canceled out by these two rebound 
effects

• They further estimated that if the model were expanded globally to account for the fact that many used smartphones are 
sold in developing countries (thereby increasing the overall user base), the rebound effect would be almost 80% for 3 of 
the 4 phone models studied

• Overall, they postulated in that it is possible the rebound effect from the used smartphone market could be 
over 100% of the GHG savings (the so-called “backfire” effect)

• While all studies involve estimates and assumptions, these findings and others indicate that rebound-type effects are very 
important to consider when we want to achieve actual positive environmental impacts (and not just an illusion of them)
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Greater Responsibilities

• The limits of planetary boundaries implies that it is not enough simply slow down negative environmental 
impacts, we must actually stop these impacts before reaching the irreversible “cliffs” of system collapse (if we 
haven’t surpassed them already)

• From this ecosystem-wide perspective, academics are showing that businesses simply reducing per-product impacts 
(while ignoring increasing sales volumes, e.g.), is not enough for humanity to stay within planetary boundaries

• Instead, the entire system of production and consumption must drastically reduce its total environmental impact

• The evidence of rebound effects, however, indicate the significant complications and challenges of this “stopping” task 
— it is possible our efforts to create sustainability are not at worse neutral, but can in fact backfire and make 
our impacts on the environment even worse

• There are frankly no easy solutions or fixes to this reality, but indicates the need for us to take even greater 
responsibility for the actual (i.e. not assumed, or hoped for) outcomes of our sustainability initiatives
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• Academics have for some time identified a clear link between increasing product lifetimes and 
improving sustainability, and see product longevity as a key factor for the sustainability for 
durable goods (even more than recycling)

• The overall logic is that by increasing lifetimes of products, less materials and energy are 
consumed to meet the same consumer needs, therefore mitigating environmental impacts 

• Academics have been more recently studying, however, identify several complexities that need to be 
considered:
• Release of more energy-efficient models: if a significantly more energy-efficient model is released, it is sometimes better for 

the consumer to immediately upgrade 

• Over-engineering durability: while some products can be used longer without any design changes, other products need 
more resource-intensive materials to make them more durable. If customers do not actually use those products for longer, 
sustainability outcomes can actually be negative

• Rebound effects: There are many types of rebound, but one example relates to the money consumers save from more energy- 
or material-efficient products (or when buying a product secondhand): they may take their savings and spend it on another 
product/service with equal or greater negative sustainability impact

• Planetary boundaries imply we must not just reduce our environmental impacts, but ensure we don’t 
cross the irreversible “cliffs” of system boundaries

• While product longevity is a promising strategy, the increasing evidence of rebound shows us 
that we need to take even greater responsibility to help ensure our sustainability efforts do not 
in reality make the situation worse

Summary
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Thank you
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