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Exploring how businesses can adopt eco-innovations, which may involve their market expansion, and 

meet their climate change targets, was the objective of this research. We investigated to what extent an 

organization with a milk packaging eco-innovation could create a positive impact on climate and calcu- 

lated their potential carbon handprint using the Sustainability and Health Initiative for NetPositive En- 

terprise (SHINE) Handprint assessment method. Changes and potential handprint pathways were defined 

from the perspective of two actors who can bring about the change: organization and consumers. The 

potential carbon handprints were calculated for changes resulting from switching from current milk pack- 

aging to eco-innovation at the global milk market. The assessment explored options for organization to 

realize handprints within their own markets and via market expansion in their competitors’ markets. Re- 

sults showed that SHINE Handprint assessment provides a systemic approach for organizations to adopt 

eco-innovations, pursue market expansion, and reduce overall sector’s climate change impacts. 

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

Actions by businesses are essential to lowering anthropogenic 

reenhouse gas (GHG) emissions ( Pineda et al., 2020 ), and to 

eaching other sustainability targets such as net-zero carbon emis- 

ion target ( Science Based Targets Initiative, 2021 ) that can bring 

uman activity to within the carrying capacity of the biosphere 

 Rockström et al., 2009 ). Standardized methods of life cycle as- 

essment (LCA) defined by ISO 14040 (2006a) and ISO 14044 

2006b) , standardized carbon footprint method ( ISO, 2013 ), and 

he conceptualization of Corporate Value Change (Scope 3) Stan- 

ard for GHG emissions ( World Resource Institute, 2015 ) have 
Abbreviations: SOF, Shrink Own Footprint; SHINE, The Sustainability and Health 

nitiative for NetPositive Enterprise; LCA, Life cycle assessment; O-LCA, Organiza- 

ional LCA; P-LCA, Product LCA; C-LCA, Consumer LCA; DfE, Design for Environment; 

fE, Market for Environment. 
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ublished elsewhere nor is currently under consideration for publication else- 

here. There are no conflicts of interest that would affect the decision to publish 

anuscript data, which have been either publicly available or modeled using well- 

stablished models. The manuscript contains enough detail and references to per- 

it others to replicate the work. The named authors have no conflict of interest, 

nancial or otherwise. This research did not receive any specific grant from funding 

gencies in the public, commercial, or non-profit sectors. 
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elped broaden businesses’ and stakeholders’ perspectives on the 

road set of activities over which they have actual or poten- 

ial influence, whether directly or at least indirectly. These per- 

pectives look at the full supply chain of a company and the 

roducts that it produces; and where feasible they also in- 

lude downstream activities across the value chain and life cy- 

les of sold products ( Hellweg and Milà i Canals, 2014 ). In this 

anuscript, we refer to the perspective taken by the methods 

n this group as Shrink-Own-Footprint (SOF) perspective whether 

t refers to shrinking direct GHG emissions or to one of shrink- 

ng the full “cradle-to-grave footprints” of the organization and 

ts sold products. In the past 15 years, authors published many 

CA studies that evaluated the environmental footprints of prod- 

cts, for example dairy products ( Daneshi et al., 2014 ; González- 

arcía et al., 2013 ). In their book, Acharya et al. (2017) dis- 

ussed smart innovation that could help design environmen- 

ally benign products. Several authors focused on how can busi- 

esses SOF. For example, Almeida et al. (2019) discussed ways 

o mitigate environmental impacts in Brazilian companies by in- 

luding greater government support and dissemination of LCA. 

lias Mota et al. (2020) researched how to bridge the gap between 

CA and supply chain management. Kaenzig et al. (2011) dis- 

ussed limitations of existing environmental disclosures by busi- 

esses and sought to improve transparency throughout the en- 

ire value chain. Finally, Stewart et al. (2018) pointed that 

CA remains weakly present in corporate sustainability report- 
reserved. 

https://doi.org/10.1016/j.spc.2021.10.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/spc
mailto:jasmina_burek@uml.edu
https://doi.org/10.1016/j.spc.2021.10.006
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ng. Rockström et al. (2009) concluded that the current foot- 

rint reductions were falling drastically short of the net magni- 

ude needed to prevent catastrophic climate change, loss of bio- 

iversity, and other environmental changes within the planetary 

oundaries. 

The SOF perspective, while helpful, is still incomplete, meaning 

hat it fails to capture the full scope of actual and potential influ- 

nce (positive impact) of companies on anthropogenic emissions 

nd environmental impacts. And this incompleteness can cause it 

o be misleading. For example, if a business has developed a prod- 

ct whose life cycle impacts are lower than those of other prod- 

cts sold on the market, should the company be encouraged to 

ell more of the new product? The current SOF perspective would 

ay no: it would assign a higher footprint to the organization if it 

old more of a product, even if doing so would reduce the total 

uman footprint. In our literature review, we present most recent 

esearch that advocates inclusion of positive impacts in environ- 

ental and social LCA and most recent approaches that provide 

ramework how to calculate positive impacts and thus bridge the 

ap in the SOF perspective. 

. Literature review 

Inclusion of positive impacts of products into environmen- 

al and social LCA has been discussed in the latest publication 

y Croes and Vermeulen (2021) . The authors proposed criteria 

or inclusion of positive impacts in LCA. According to Croes and 

ermeulen (2021) , positives must be externalities outside the 

eller-buyer transaction, or type 2 positive internalities, for ex- 

mple, a technology designed for the environmental impact mit- 

gating purpose (such as innovation), which could show best 

0% mitigating performance on the market. The authors dis- 

ussed the existing methods used to quantify the positive impacts 

 Croes and Vermeulen, 2021 ). One option discussed by Croes and 

ermeulen (2021) was handprinting, as proposed by Norris (2015) . 

owever, authors argued handprinting should be separate from 

CA footprinting, i.e., direct comparison handprint and footprint 

sed in net positive assessment should be omitted ( Croes and Ver- 

eulen, 2021 ). According to Sustainability and Health Initiative 

or NetPositive Enterprise (SHINE) Handprint method used in this 

tudy ( Norris et al., 2021 ), handprint is not a property of the prod-

ct, but the ownership is of an actor (organization, individual, etc.), 

hich includes all positives and negatives. By omitting the nega- 

ives, we may get a false idea about how relevant the handprint 

s and did the organization or consumer make a significant change 

r drop in the ocean. Thus, in this paper we go a step further in

nterpretation and include net-positive assessment for both actors: 

rganization and consumers. The existing standardized frameworks 

bout business’s impacts included accounting frameworks such as 

reenhouse Gas Protocol and LCA, which depending on the goal 

nd scope of the study may be business’s organizational LCA or 

ay focus only on their product/service LCA. We choose organi- 

ational LCA (O-LCA) as a framework to calculate company’s busi- 

ess as usual footprints. In this framework, business can reduce 

heir own footprint, and only positive impacts (reductions in foot- 

rint) within the O-LCA boundary are counted. In fact, in the case 

f innovation product growing at the market it would increase the 

ootprint of the business’s organizational footprints. Thus, besides 

ootprint-reduction framework which we called in the manuscript 

OF framework we include broader impact of innovation on busi- 

ess and consumers. This broader scope helps to resolve the con- 

ict between current O-LCA methods ( Blanco et al., 2015 ) and one 

ommon core strategic mandate of businesses—to increase sales. 

llowing these strategies to align, when environmentally appropri- 

te, can harness market forces for good. To be consistent in the 
202 
copes, we propose to use the consumer LCA (C-LCA) for individ- 

als/consumers, which at the moment is considered an emerging 

pproach ( Hellweg and Milà i Canals, 2014 ). 

Several authors provided frameworks for accounting posi- 

ive impacts. Russell (2019) summarized existing approaches 

nd provided guidelines for the Avoided Emissions perspective. 

rönman et al. (2019) provided framework called the VTT-LUT 

arbon Handprint approach. Avoided Emissions are calculated 

s a positive difference (footprint reduction) in total life cycle 

missions between two products from different actors with the 

quivalent function, for example, a plastic milk jugs vs. paper- 

oard cartons ( Russell, 2019 ). In recent years, Avoided Emissions 

laims were made by researchers ( Zhai et al., 2012 ), by countries 

 Köhler and Michaelowa, 2014 ), and by companies ( Russell, 2019 ). 

ussell (2019) identified several major existing guidelines appli- 

able to Avoided Emissions, which were built on LCA standards 

SO 14040 ( 2006 a) and ISO 14044 ( 2006 b). The main conclu- 

ions were that there was a considerable uncertainty and varia- 

ion in practice across a wide range of accounting methods. Also, 

uthors found there was a low level of consensus for selecting 

he baseline option, attributing positive impacts to value-chain 

artners, scaling results to product’s market size, and aggregat- 

ng results to the level of an entire company or product portfolio 

 Russell, 2019 ). We believe that with wide adoption of the SHINE 

andprint method ( Norris et al., 2021 ), the problems encountered 

y Russell (2019) would be avoided. 

Authors of the VTT-LUT Carbon Handprint approach de- 

ned handprint as positive impact announced to the product 

f the organization that shrinks footprint of their consumers 

 Grönman et al., 2019 ). In this, the SHINE Handprint method dif- 

ers because handprint can only be owned by an actor and not by 

he product itself ( Norris et al., 2021 ). Thus, in this research we in-

luded two perspectives of actors who can make a change and cre- 

te handprints: the organization’s perspective and consumers’ per- 

pective. Also, Grönman et al. (2019) demonstrated their case using 

enewable diesel and their approach focused on carbon handprint. 

hile our case study focused only on carbon handprint, the SHINE 

andprint method presented in this paper can be used for other 

mpact categories. 

The SHINE handprinting framework presented in Norris 

t al. (2021) and showed in the current paper provides a system- 

tic way to account for broader impacts of the business. It does so 

y following, to its logical conclusion, the expansion of responsi- 

ility that was started by LCA and the SOF perspective. Although 

 business can reduce their footprint, they are not able to elimi- 

ate it entirely. Making changes in business footprints is limited to 

heir scope and thus the SOF framework limits the scope of action. 

he SHINE Handprint method provides a consistent framework for 

electing the baseline option, attributing positive impacts to value- 

hain partners, scaling results to product’s market size, and aggre- 

ating results to the level of an entire company or product portfo- 

io. 

Previous work characterized the implication of the SHINE hand- 

rint method for cases involving product innovation and cases 

nvolving the co-causing of innovation in a company’s supply 

hain ( Norris et al., 2021 ). This paper explores a unique appli- 

ation of handprinting to a case involving market share growth 

combined with product innovation, although this is not essen- 

ial to the case study). The specific case involves an innovation 

n beverage packaging and marketing globally. Results showed 

hat if properly framed, it is possible to give quantitative guid- 

nce to businesses to both adopt environmentally preferred inno- 

ations and to pursue market expansion, and to do so in a man- 

er that reduces overall impacts of human activity on the natural 

nvironment. 
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. Methods 

Norris et al. (2021) defined that organizations and individuals 

an create handprints through voluntary actions (e.g., process in- 

ovation, investments, initiatives, common goods, information, and 

ehavioral changes) resulting in positive impacts such as footprint 

eductions. In this study, we focused on a specific case of product 

nnovation, called eco-innovation. Eco-innovation is a new product 

r process which provides customer and business value and de- 

reases environmental impacts ( Díaz-García et al., 2015 ). We used 

 case study of an aseptic carton manufacturer introducing a pack- 

ging eco-innovation to global milk market with environmental 

enefits achieved via paperboard, which is produced from 82% eco- 

ertified wood, barrier layer containing 100% bio-based plastic, and 

ubstitution of aluminum foil layer with a plant-based barrier. The 

HINE handprint assessment method includes defining goal and 

cope, inventory analysis, environmental impact assessment, and 

nterpretation ( Norris et al., 2021 ). 

.1. Goal and scope 

The goal of the study was to provide a general method for cal- 

ulating handprints which are caused by business’s eco-innovation 

nd/or consumer’s behavioral change to eco-innovation. First, we 

resented a methodological framework and then we used a case 

tudy to calculate potential ex-ante handprints for Organization A 

hich is providing an eco-innovation (Scenario 1) and Consumers 

ho are adopting behavioral change to eco-innovation (Scenario 

). Also, we used net-positive assessment to provide interpretation 

f the handprint results from perspectives of both actors Organi- 

ation A and Consumers. Handprints were assessed across global 

arket shift pathways including Scenario 1a) substituting Organi- 

ation A’s existing aseptic milk carton with eco-innovation in their 

arkets; Scenario 1b) substituting a competitor’s (Rest-of-Market) 

ilk containers with eco-innovation, which increases Organization 

’s market share and thus, its footprint; Scenario 2a) Organization 

 consumers switching to eco-innovation; and Scenario 2b) Rest- 

f-Market consumers switching to eco-innovation. 

Because the SHINE handprint framework quantifies positive ac- 

ions, changes, and impacts, a product cannot be the agent of 

hange; only actors can, for example, an organization or an indi- 

idual ( Norris et al., 2021 ). In the life cycle of the milk consump-

ion, different actors could be an agent of change, including pack- 

ging manufacturer, rest of the milk packaging manufacturers, milk 

rocessors, and milk consumers. A manufacturer will often create 

hange by modifying products and services, but it is how a product 

s used (by customers and consumers) that determines whether 

hat product’s use creates changes relative to business-as-usual. 

e focused on evaluating potential handprints for packaging man- 

facturer (Organization A) and milk consumers (Consumers). Or- 

anization A can either use eco-innovation to SOF (internal hand- 

rint) in their own market, or to reduce the footprint of others 

external handprint), for example, of consumers in ambient and/or 

hilled milk markets. Also, consumers could change their behav- 

or because of eco-innovation resulting in their SOF (internal hand- 

rint). 

The SHINE handprint assessment does not require the defini- 

ion of a functional unit because it amounts to a comparison of 

wo scenarios, which may or may not be functionally balanced: 

ne without and another with a specified action to bring about 

hange ( Norris et al., 2021 ). There might be differences in func- 

ionality and convenience when eco-innovation is replacing alter- 

atives such as plastic milk containers. The assumption was that 

ystems behave equally except the moment the consumer chooses 

 different option. Also, we assumed equal relevance of choice, as 

onsumer footprint was implicitly static. Impact assessment results 
203 
ere presented for climate change, i.e., carbon footprint/handprint 

nly ( Intergovernmental Panel on Climate Change, 2014 ). 

.1.1. System boundary 

Fig. 1 shows system boundary of the baseline state in Time 

, including a relative share of the chilled and aseptic milk mar- 

ets, and relative share of plastic and carton milk packaging. In 

018, the global milk market was ∼90 million tons ( Mordor Intelli- 

ence, 2018 ). Consumers represent milk markets including Ameri- 

as, Asia, Europe, and Africa. Organization A, which produces asep- 

ic milk cartons, covers a share in the ambient milk packaging 

arket. Also, we have the Rest-of-Market, which is not agent of 

hange, however, the SHINE scope goes beyond the comparison 

f an existing product and eco-innovation because Organization A 

nd Consumer’s actions can include positive and negative changes 

ithin the expanded system boundary. Rest-of-Market represents 

he rest of the milk packaging market (ambient and chilled). More 

han half of the total milk belongs to cold supply chain. The dom- 

nant packaging options are plastic containers for chilled milk and 

arton for ambient as shown in Fig. 1 . The modeled size of pack- 

ging was assumed to be one-liter pack size. 

.2. Data inventory analysis for handprint calculation 

The inventory analysis included data collection of product LCAs 

P-LCA) carbon footprints for aseptic milk cartons, other milk pack- 

ging, and eco-innovation. The data were collected from litera- 

ure and from the company, as shown in Tables 1–3 . Two types 

f P-LCAs were considered: cradle-to-gate and cradle-to-grave, as 

hown in Fig. 2 . Data for cradle-to-gate P-LCAs were obtained from 

rganization A ( Wellenreuther et al., 2018 ), and data for cradle- 

o-grave P-LCAs were collected from the literature ( Burek et al., 

018 ). Both studies followed the LCA method standards and in- 

luded comprehensive list of environmental impacts ( ISO, 2018 , 

0 06 a, 20 06 b). Only climate change impacts i.e., carbon footprints 

ere extracted from both studies. For cradle-to-gate P-LCAs, the 

uthors used a functional unit of delivering 1,0 0 0 liters of milk to 

 customer and included container material production and con- 

ainer manufacturing life cycle (LC) stages, as shown in Fig. 2 a. 

ilk farm production, the end-of-life (disposal) of carton, and plas- 

ic packaging were excluded from the assessment. Table 1 shows 

he cradle-to-gate carbon footprints. For a cradle-to-grave P-LCA, 

he authors used a functional unit of delivering 1,0 0 0 liters of 

ilk to a consumer and included milk production on farm, con- 

ainer material production, container manufacturing, milk process- 

ng, supermarket, consumer, and end-of-life LC stages, as shown 

n Fig. 2 b. Table 2 shows the cradle-to-grave carbon footprints of 

verage milk consumption. To be consistent with the chilled pack- 

ging, the ambient carton was used to represent cradle-to-grave 

arbon footprint of eco-innovation. 

.2.1. Scenario 1a—Organization A is an agent of change in the 

arket they own 

In this scenario, Organization A produces one-liter aseptic milk 

artons and Rest-of-Market produce chilled and aseptic one-liter 

ilk containers. In Time 1, Organization A has a percent of the 

otal milk packaging market, as shown in Fig. 1 . Let’s assume 

hat in Time 2 Organization A produces an eco-innovation, which 

as a lower carbon footprint. Organization A introduces an eco- 

nnovation in the market they own, which is called innovation 

hange. For example, Organization A starts replacing 25% of their 

xisting market with eco-innovation, as shown in Table 3 . Because 

he change occurred within their own market, there would not be 

ny changes in post-processing milk distribution and consumption. 
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Fig. 1. Sankey diagram shows milk consumption, milk processing & delivery, and milk packaging markets: a) left nodes show relative size of milk markets including Americas, 

Asia, and Europe, b) middle nodes show relative size of the ambient and chilled markets, and c) right-side nodes show relative shares of carton and plastic milk packaging. 

Blue dash line shows the system boundary for the whole milk market, purple dash line shows consumers (Consumer), orange dash line shows the market share of the 

rest of the milk packaging market (Rest-of-Market), and the green dash line shows the market share of the aseptic carton packaging manufacturer (Organization A). (For 

interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Table 1 

Cradle-to-gate carbon footprints of milk packaging (kg CO 2 -eq/1,0 0 0 kg milk). 

Milk Market Material Carbon footprint (kg CO 2 -eq/1,0 0 0 kg milk) Data source 

Aseptic Carton Paperboard 74 ( Wellenreuther et al., 2018 ) 

Aseptic Plastic Average PET ∗/HDPE ∗∗ 120 ( Wellenreuther et al., 2018 ) 

Aseptic Carton Eco-Innovation 36 ( Wellenreuther et al., 2018 ) 

∗ PET—Polyethylene terephthalate. 
∗∗ HDPE—High-density polyethylene. 

Table 2 

Cradle-to-grave carbon footprints of milk consumption (kg CO 2 -eq/10 0 0 kg milk). 

Milk Market Material Carbon footprint (kg CO 2 -eq/1,0 0 0 kg milk) Data source 

Chilled Plastic Average PET/HDPE 2,000 ( Burek et al., 2018 ) 

Ambient Carton Paperboard/Eco-Innovation 1,850 ( Burek et al., 2018 ) 

Table 3 

Input data for handprint calculation. 

Actors Market Action Market 

Scenario 1a & 2a Scenario 1b & 2b 

Time 1 Time 2 

Milk market (1,000,000 L) Innovation/behavioral change (1,000,000 L) Market/behavioral change (1,000,000 L) Milk market (1,000,000 L) 

Organization A 134,918 33,729 (25% Organization A) + 19,102 (10% of Rest-of-Market) 154,019 

Rest-of-Market 191,015 – −19,102 (10% of Rest-of-Market) 171,914 
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.2.2. Scenario 1b—Organization A is an agent of change in the 

est-of-Market 

This scenario allows for an exploration of the role of eco- 

nnovation and a switch to optimized packaging materials might 

lay in the wider system. Time 1 is same as in Scenario 1a. 

t Time 2, Organization A introduces an eco-innovation outside 

heir own market, which is called market change. Organization 

 expands market by replacing 10% of Rest-of-Market products, 

s shown in Table 3 . Scenario 1b included evaluating changes 

aused by market expansion and changes caused by shrinking of 

est-of-Market. Because there would be changes in post-processing 

ilk distribution and consumption, we presented results using 
204 
oth cradle-to-gate and cradle-to-grave P-LCAs for Scenario 1a 

nd 1b. 

.2.3. Scenario 2a—Consumers are agents of change in the 

rganization A market 

In this scenario, at Time 1, Consumers are purchasing aseptic 

ilk cartons from Organization A. In Time 2, Organization A intro- 

uces product eco-innovation to their milk processors (Customers) 

ho decide to pack the milk. However, it is the Consumers who 

ecide to change their behavior and switch from one type of pack- 

ging to eco-innovation and thus agents of change. We assumed 
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Fig. 2. Orange dash line delineates system boundary for a) cradle-to-gate P-LCA of milk carton, which includes forest management and other resources. Blue dash line 

delineates system boundary for b) cradle-to-grave P-LCA of milk consumption, which includes all inputs for carton production, milk production on farm, milk processing, 

supermarket, consumer, and end-of-life. Arrows between life cycle stages describe transportation. (For interpretation of the references to color in this figure legend, the 

reader is referred to the web version of this article.) 
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5% of Consumers purchase eco-innovation, which is called behav- 

oral change, as shown in Table 3 . 

.2.4. Scenario 2b—Consumers are agents of change in the 

est-of-Market 

The Organization’s A eco-innovation may have additional post- 

rocessing footprint-reducing benefits for consumers who are cur- 

ently consuming chilled milk. Because the aseptic cartons are 

helf-stable, they reduce refrigeration and milk loss ( Burek et al., 

018 ). In Time 1, Consumers are purchasing chilled milk from the 

est-of-Market. At Time 2, 10% of Consumers shift their consump- 

ion from Rest-of-Market to eco-innovation, as shown in Table 3 . 

.3. The SHINE handprint method 

The SHINE handprint calculation included above-described sce- 

arios. For Scenario 1a and 1b, we calculated Organization A inter- 

al and external handprints. For Scenario 2a and 2b, we calculated 

onsumers internal handprints. 

A broad definition is that internal handprints are changes made 

y an organization or consumer within the scope of their footprint 

 Norris et al., 2021 ). For example, in the Scenario 1a, Organiza- 

ion A may replace their existing carton with eco-innovation across 

heir value chain eventually over the years, which is often called 

esign for Environment (DfE) ( Fiksel, 2009 ), but in this scenario, 

e are interested in what if this positive change can be achieved 

aster. Thus, we assessed the internal handprint of eco-innovation, 

hich could happen if consumer demand triggers the rapid substi- 

ution of standard packaging with the eco-innovation. The switch 

rom an existing aseptic milk carton to an eco-innovation occurs 

ithin the organization’s market in one year. 

A broad definition is that external handprints are changes made 

y an organization or consumer outside the scope of their foot- 

rint ( Norris et al., 2021 ). In this study, the mechanism of hand-

rint creation was external, by market expansion. For example, 

n Scenario 1b, we are interested in finding out what is a po- 

ential handprint of delivering eco-innovation across the global 
205 
ilk value chain. This case is called Market for Environment (MfE) 

 Woodward, 2005 ). 

.4. Handprint calculation for Scenario 1 

Fig. 3 shows primary steps for calculating handprints for Sce- 

ario 1. Potential handprints measure footprint reductions of DfE 

Scenario 1a) and MfE (Scenario 1b). Organization A is the actor, 

nd the action is switching milk packaging from existing packag- 

ng options to eco-innovation. The change for Scenario 1a occurs 

ithin the Organization A market and for Scenario 1b in the Rest- 

f-Market. When DfE occurs, Organization A creates internal hand- 

rint (SOF). In case of MfE, Organization A creates internal hand- 

rint (increasing the footprint due to market expansion) and exter- 

al handprint (due to Rest-of-Market reduction). 

.4.1. Scenario 1a & 1b — Organization A internal handprint 

alculation 

The P-LCAs from Tables 1 and 2 were used to calculate cradle- 

o-gate and cradle-to-grave market carbon footprints. The market 

arbon footprint of current product(s) for Organization A in Time 

 was calculated using Eq. (1) : 

 P A i ( t 1 ) = ( M o × L o ) i (1) 

here F P A 
i 
( t 1 ) is the market footprint of milk packaging of Or- 

anization A in Time 1 ( t 1 ) , i is an impact category, M o are the

ilk consumption markets of Organization A measured in func- 

ional units, L o is the footprint of a current product per functional 

nit, and i is impact category. 

Next, we calculated the market footprint of the milk packaging 

f Organization A after an innovation change in Time 2 ( t 2 ) for 

cenario 1a. First, we defined the footprint of eco-innovation per 

unctional unit, or “unit footprint” L new 

, which is equal to the old 

lus the change, as shown in Eq. (2) : 

 new 

= L o + �L (2) 
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Fig. 3. Flow charts of the main steps used to calculate a) baseline market footprint calculation of Organization A (w/o change) and Rest-of-Market (w/o change) in Time 1; 

b) internal handprint due to innovation change (Scenario 1a) and resulting market product footprint of Organization A (w/ change) in Time 2; and c) internal and external 

handprint due to market change (Scenario 1b) of Organization A and resulting market product footprint of Organization A (w/ change) and Rest-of-Market (w/ change) in 

Time 2. 
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here �L is the change in L , and it is negative for a reduction and

ositive for an increase in footprint. Because in Scenario 1a only 

raction of the market X belonging to Organization A is affected by 

hanges, the market footprint F P A 
i 
( t 2 ) is equal to the sum of an

naffected portion of the market multiplied by L o and the affected 

ortion of the market multiplied by eco-innovation footprint. The 

ondensed formula is as shown in Eq. (3) : 

 P A i ( t 2 ) = ( M o × ( L o + X × �L ) ) i (3) 

here F P A 
i 
( t 2 ) is a market footprint of Organization A in Time 2

 t 2 ) , i is an impact category, M o is milk consumption market of 

rganization A, X is a percent (%) of milk market replaced by the 

co-innovation, and �L is calculated using Eq. (2) . 

In Scenario 1b, Organization A captures some Rest-of-Market 

sing eco-innovation with unit footprint L new 

. The new market is 

efined in Eq. (4) . 

 new 

= M o + �M (4) 

here M new 

is total new market, M o is initial market, and �M is 

hange in M , which can be negative for market loss and positive 

or market gain. The footprint of Organization A increases by an 

mount �M × L new 

. Also, there is a reduction in the footprint of 

he other suppliers in the Rest-of-Market, whose old unit footprint 

as L R by an amount �M × L R . The new market footprint for Or- 

anization A is equal to the sum of the unaffected portion of the 

arket multiplied by the original unit footprint L o and the affected 

ortion of the market multiplied by the new unit footprint L new 

. 

he market footprint for Organization A due to market change in 

ime 2 for Scenario 1b is shown in Eq. ( 5) : 

 P A i ( t 2 ) = ( M o × L o + �M × L new 

) i (5) 

here F P A 
i 
( t 2 ) is a Scenario 1b footprint of the Organization A in

ime 2, i is an impact category, M o is milk consumption market, 

 o is current milk packaging footprint of Organization A, �M is 
206 
hange in M, and L new 

is a footprint of an eco-innovation per func- 

ional unit. The calculation of an internal handprint due to innova- 

ion change was done by comparing the current market product 

ootprints against eco-innovation and calculating their difference. 

q. (6) was used to calculate potential internal handprints iHP A 
i 

for 

cenario 1a and 1b. 

H P A i = 

∑ (
F P A ( t 1 ) + F P A D − F P A ( t 2 ) 

)
i 

(6) 

here iHP A 
i 

is internal handprint of Organization A, i is an im- 

act category, F P A 
i 
( t 1 ) is a market footprint of Organization A with

urrent milk packaging in the market, F P A D is a footprint occur- 

ing due to growing demand. In all scenarios, F P A 
D 

= 0 meaning 

e assumed no natural growth of the market. F P A 
i 
( t 2 ) is a mar-

et footprint of the Organization A for Scenario 1a and 1b. In Sce- 

ario 1a F P A 
i 
(t 2 ) < F P A 

i 
(t 1 ) and thus, iHP A 

i 
is positive, which re-

ults in footprint reduction for Organization A. When a business 

s pursuing DfE, footprints measure a static difference in environ- 

ental impacts per functional unit between products, but hand- 

rints measure dynamic differences of product impacts multiplied 

y market. In Scenario 1b F P A 
i 
( t 2 ) > F P A 

i 
( t 1 ) , and thus, iHP A 

i 
is

egative, which results in footprint increase for Organization A. 

.4.2. Scenario 1b— Organization A external handprint calculation 

For Scenario 1b, the external handprint of Organization A was 

alculated based on Fig. 3 . First, we calculated footprint of current 

roducts for Rest-of-Market, as shown in Fig. 3 . The calculation of 

n external handprint due to market change was done by compar- 

ng the current market product footprints and remaining market 

roduct footprint after eco-innovation and calculating their differ- 

nce. 

We calculated market footprint of current product(s) for Rest- 

f-Market in Time 1 using Eq. (7) : 

 P R ( t 1 ) = ( M R × L R ) i (7) 
i 
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Fig. 4. Flow charts of the main steps used to calculate a) baseline market footprint calculation of Consumer A (w/o change), which purchase milk from the Customer supplied 

by Organization A and Consumer RM, which purchase milk from the Customer supplied by the Rest-of-Market (w/o change) in Time 1; b) Consumer A internal handprint 

due to behavioral change to Eco-innovation (Scenario 2a) and resulting market product footprint of Organization A (w/ change) in Time 2; and c) Consumer RM internal 

handprint due to behavioral change to Eco-innovation (Scenario 2b) and resulting market product footprint of Rest-of-Market (w/ change) in Time 2. 
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here F P R 
i 
( t 1 ) is a market footprint of one type of milk packaging

n Rest-of-Market, i is an impact category, M R is milk consumption 

arket of Rest-of-Market, and L R is a footprint of a current product 

n Rest-of-Market per functional unit. 

Next, we calculated market footprint of the Rest-of-Market for 

cenario after the eco-innovation has taken over a portion of mar- 

et belonging to Rest-of-Market in Time 2, as shown in Eq. (8) . 

 P R i ( t 2 ) = (( M R − �M) × L R ) i (8) 

here F P R 
i 
( t 2 ) is a market footprint of the milk carton in Time 2

or Rest-of-Market, i is an impact category, M R is milk consumption 

arket of Rest-of-Market, �M is change in M, and L R is a footprint 

f the milk carton in Rest-of-Market per functional unit. 

Eq. (9) was used to calculate external handprint eHP A 
i 

of Or- 

anization A in different markets for Scenario 1b. The calculation 

f an internal handprint because of innovation change was done 

y comparing the current market product footprints against eco- 

nnovation and calculating their difference. 

H P A i = 

∑ (
F P R ( t 1 ) + F P R D − F P R ( t 2 ) 

)
i 

(9) 

ecause in Scenario 1b FP R i ( t 2 ) < FP R i ( t 1 ) , eHP A i is positive, which 

esults in footprint reduction of Rest-of-Market. 

.5. Handprint calculation of Scenario 2 

Fig. 4 shows primary steps for calculating handprints based 

n the SHINE method for the case study of Scenario 2 in which 

he main actors are Consumers and action/change is consumers’ 

ehavior from existing packaging provided by Organization A 

Scenario 2a) or Rest-of-Market (Scenario 2b) to eco-innovation. 

radle-to-gate and cradle-to-grave P-LCAs were used to calculate 

nternal handprint for the Consumers in Scenario 2a and 2b, as 

hown in Tables 1 and 2 . 
207 
.5.1. Scenario 2a—Organization A consumers internal handprint 

alculation 

In scenario 2a, consumers are buying product from customers 

ho purchased packaging from Organization A at Time 1. When 

rganization A launches eco-innovation at Time 2, consumers 

hange behavior to buying their eco-innovation at Time 2, as 

hown in Fig. 4 b. Substitution of the packaging material for the 

ame product does not involve the change of consumption habits 

s we can assume full functional equivalence. Because the change 

s self-motivated or motivated by other consumers, we calculated 

nternal handprint of Consumers. 

The potential internal handprint of consumers is calculated us- 

ng Eq. (10) . The calculation of a handprint was done by comparing 

he current purchasing behavior against beneficial actions of pur- 

hasing eco-innovation and calculating their difference. 

H P C i = iH P A i = 

∑ 

(F P A ( t 1 ) + F P A D − F P A ( t 2 ) ) i (10) 

here iHP C 
i 

is internal handprint of Consumers. iHP C 
i 

for Scenario 

a is equal to iHP A 
i 

for Scenario 1a because in the ambient milk 

arket the post-processing distribution, consumption, and end-of- 

ife is assumed to be equal for all ambient milk packaging. Thus, 

he internal handprint of Consumers in Scenario 2a is identical 

o footprint reduction of Organization A resulting from innovation 

hange. 

.5.2. Scenario 2b— Rest-of-market consumers internal handprint 

alculation 

Scenario 2b shows the potential reduction of Consumers that 

an be achieved if the consumers shift their consumption habits 

rom chilled milk to ambient. In Scenario 2b, Consumers are buy- 

ng chilled milk from Rest-of-Market at Time 1. When Organization 

 launches eco-innovation at Time 2, Consumers change behavior 

nd buy aseptic milk packed in product eco-innovation from Orga- 

ization A. Because the change is self-motivated or motivated by 

ther consumers, we calculated a potential internal handprint of 
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Fig. 5. Left flow diagram (brown dash line) shows the organization’s LCA (O-LCA) system boundary. Right flow diagram (gray dash line) shows the consumers LCA (C-LCA) 

system boundary. The name of each life cycle stage is provided in Fig. 2 using same color and icon. 
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onsumers, as shown in Fig. 4 c. The calculation of a handprint was 

one by comparing the current purchasing behavior against ben- 

ficial actions of purchasing eco-innovation and calculating their 

ifference, as shown in Eq. (11) : 

HP C i = iH P A i + eH P A i = 

∑ 

(F P A ( t 1 ) + F P A D − F P A ( t 2 ) ) i 

+ 

∑ 

(F P R ( t 1 ) + F P R D − F P R ( t 2 ) ) i (11) 

here iHP C 
i 

is internal handprint of Consumer. If iHP C 
i 

is positive, 

t results in footprint reduction of Consumers. Thus, consumers in- 

ernal handprint is equal to Organization A market expansion in 

cenario 1b. 

.6. Interpretation 

The net-positive assessment can be used for interpreting the re- 

ults. It includes combined analysis of actor’s footprint and hand- 

rint ( Norris et al., 2021 ). For example, the net-positive assess- 

ent could play a role to interpret the footprint of an organization 

nd/or consumers to handprints that could be achieved incremen- 

ally or as total. It is important that footprints and handprints are 

easured in the same physical units. The net-positive assessment 

ncludes calculating organization and consumers business-as-usual 

ootprints, as shown in Fig. 5 . 

.6.1. Organization A footprint calculation 

It has become common for organizations and individuals to 

easure their footprints using organization LCA ( Hellweg and Milà

 Canals, 2014 ). The system boundary for O-LCA is shown in 

ig. 5 a. As shown in Fig. 5 a, the use phase and end-of-life are in-

luded in describing O-LCA footprint. If they are not relevant to 

he case, and data are not available, then the study must include 

hese caveats. Organization A followed the ISO/TS 14072 standard 

 ISO, 2014 ) to calculate their business-as-usual footprint, which in 

018 amounted to 1.5 million tons CO 2 -eq per year (personal com- 

unication). For the consumers footprint, the average yearly GHG 

missions per person varies regionally from 1.9 tons CO 2 -eq in In- 

ia, 5.6 tons CO 2 -eq in United Kingdom to 16 tons CO 2 -eq in the

nited States ( Joint Research Centre, 2018 ). Globally, the average 

nnual global citizen emissions is 5 tons CO 2 -eq ( Joint Research 

entre, 2018 ). 
208 
Eq. (12) shows how to calculate Organization A footprint: 

F P A i = 

(
O 

A + F P A G 

)
i 

(12) 

here oF P A 
i 

is Organization A footprint, O 

A is Organization A calcu- 

ated using organizational LCA, F P A 
G 

is Organization A business-as- 

sual growth, and i is impact category. Organization A business-as- 

sual growth F P A 
G 

was assumed to be zero. 

.6.2. Organization A net-positive assessment calculation 

The net-positive assessment calculation for Organization A in- 

ludes organization footprint, footprint reductions that are not 

onsidered handprints, such as business-as-usual SOF actions, and 

nternal and external handprints. The total handprint of Organiza- 

ion A was calculated using Eq. (13) : 

P A i = 

∑ 

iH P A i + eH P A i (13) 

Fig. 6 b illustrates the net-positive assessment calculation steps 

or Organization A. The net-positive assessment calculation for Or- 

anization A is shown in Eq. (14) : 

P A i = oF P A i −
f ∑ 

1 

(
F P A i 

)
f 
−

h ∑ 

1 

(
HP A i 

)
h 

(14) 

here NP A 
i 

is net-positive assessment result for Organization A, 

 is impact category, oF P A 
i 

is Organization A footprint, (F P A 
i 
) f are 

ther footprint reductions that are not handprints, f is the number 

f footprint reduction actions, (HP A 
i 
) h is handprint, and h is num- 

er of handprint causing actions. Note that oF P A 
i 

is different than 

F P A 
i 
) f because oF P A 

i 
is a business-as-usual footprint of the whole 

rganization (for example company) and (F P A 
i 
) f describes footprint 

eductions that would occur anyways (business-as-usual). 

.6.3. Consumer footprint calculation 

The system boundary for consumer LCA (C-LCA) is shown in 

ig. 5 b ( Hellweg and Milà i Canals, 2014 ). We used 2018 average

nnual global citizen emissions of 5 tons CO 2 -eq and multiplied 

ith a population of 4,960 million ( ∼40 markets) to calculate con- 

umer footprint. Based on these assumptions, the total C-LCA foot- 

rint of Organization A ∼40 markets equaled 24,799 million tons 

O 2 -eq. Consumer’s average footprint cF P i is calculated using C- 

CA, and i is impact category. 



J. Burek, C. Bauer, R. Kirchain et al. Sustainable Production and Consumption 29 (2022) 201–214 

Fig. 6. Net positive assessment based on actors bringing about a change. Flow charts of the main steps for a) calculating baseline Organization A organizational footprint 

(w/o change) and Consumer A or Consumer RM consumer footprint (w/o change) in Time 1; b) Organization A net-positive assessment for Scenario 1a and Scenario 1b in 

Time 2; and c) Consumer A and Consumer RM net-positive assessment for Scenario 2a and 2b, respectively in Time 2. In b) handprint is dependent on the changes created 

by Organization A. Thus, in the illustration b) Organization A footprint (w/change) includes internal handprints (Scenario 1a) and internal and external handprints (Scenario 

1b). In c) handprint is dependent on behavioral change of Consumer A and Consumer RM. Thus, in the illustration c) Consumer A and Consumer RM footprints include 

internal handprints (Scenario 2a and 2b). 
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.6.4. Consumers net-positive assessment calculation 

The net-positive assessment calculation for Consumers includes 

heir footprint, footprint reductions that are not considered hand- 

rints, such as business-as-usual SOF actions, and internal and ex- 

ernal handprints. The total internal handprint of Consumers was 

alculated using Eq. (15) : 

P C i = iH P C i ( 2 a ) + iH P C i ( 2 b ) (15) 

Fig. 6 c illustrates the net-positive assessment for Consumer A 

nd Consumer RM. The net-positive assessment calculation for 

onsumers is shown in Eq. (16) : 

P C i = cF P C i −
f ∑ 

1 

(
F P C i 

)
f 
−

h ∑ 

1 

(
HP C i 

)
h 

(16) 

here NP C 
i 

is net-positive assessment for Consumers, i is impact 

ategory, cFP C i is Consumers footprint, (F P C 
i 
) f is consumers foot- 

rint reduction (other than handprint), f is number of footprint re- 

uction actions, (HP C 
i 
) h is handprint, and, h is number of handprint 

ausing actions. 

.7. Limitations of the results 

Footprints and handprints were calculated for one impact 

ategory, i.e., climate change. Including other impact cate- 

ories may bring some trade-offs in the results, as shown in 

urek et al. (2018) . Because of that, there is a need to run inclu-

ive LCA studies to measure trade-offs where substitution of alter- 

atives plays a role. 

For P-LCAs, the values reported in Tables 1 and 2 were used for 

xploration, not for comparison. Although these results are limited 

n geographical scope, they are sufficient for the goal and scope of 

his study. The cradle-to-grave P-LCAs did not include actual eco- 

nnovation, instead a common aseptic milk carton was used be- 

ause the impacts of change from chilled to ambient are higher 
209 
rom 12% distribution chilled milk losses to 0% ambient milk losses 

 Burek et al., 2018 ). The cold supply chain could be responsible for 

osses in the system, which differ widely between geographies. A 

lobal average of 12% distribution loss was assumed based on the 

.S. case study ( Burek et al., 2018 ). Thus, it is necessary to better

nderstand the potentials of aseptic packaging to avoid losses in 

he cold supply chain. 

Moving chilled milk into aseptic touches not only the functional 

quivalence of packaging system but also of a product, in this 

ase, milk. Consumer might prefer fresh/chilled High-Temperature- 

hort-Time pasteurized milk believing in a higher nutritional value 

r taste even though aseptic/ambient Ultra-High Temperature pas- 

eurized milk retains the nutritional value almost completely. 

While the end-of-life of cartons may be similar, for plastic con- 

ainers the end-of-life may become more relevant, especially be- 

ause of concerns about plastic marine pollution. The substitution 

f systems with a completely different end-of-life may deliver less 

ignificant results as end-of-life might differ considerably between 

ackaging alternatives in the different markets. 

This analysis encompasses the global market, but potential 

andprints may differ by volume in different individual markets 

i.e., country or region), and thus different markets could show 

ifferent potentials. Including individual market analysis may of- 

er valuable insights in identifying where driving change could be 

he most impactful for reducing consumer footprints by an organi- 

ation bringing about a change using eco-innovation. 

Finally, the modeled size of packaging was one-liter size, which 

s not the predominant size in all markets. For example, in the 

nited States it is one gallon ( Burek et al., 2018 ). 

. Results 

In this study, we showed the application of SHINE handprint 

ethod on an organization manufacturing eco-innovation. The 

HINE handprint assessment demonstrated positive changes that 
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Fig. 7. SHINE handprint assessment for Organization A of Scenario 1a and 1b for carbon footprint. Blue columns show market product footprints (FP) or Organization A at 

Time 1 and 2. Purple columns show market product FP of Rest-of-Market at Time 1 and 2. Green squares show positive internal and external handprints (HP) and red square 

shows negative internal HP of Organization A. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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ould be achieved by one’s company product eco-innovation for 

wo actors: Organization A and Consumers. For Scenario 1, the re- 

ults showed that by expanding the scope there is a potential en- 

ironmental benefit between Organization A and Rest-of-Market, 

.e., handprint. For Scenario 2, the results showed there is a poten- 

ial environmental benefit caused by a behavioral change of con- 

umers. Also, the results showed that including all actors (in this 

ase Organization A, Rest-of-Market, and Consumers) provided evi- 

ence that actions resulting in substitution of Rest-of-Market prod- 

cts of higher environmental impacts yield higher overall positive 

mpact (external handprints) of the Organization A despite the in- 

rease in Organization A footprint. We included data, calculation, 

nd figures presented in the following sections in Supplementary 

ile 1.xlsx . 

.1. Scenario 1—Organization A handprint assessment 

This scenario shows the environmental benefits of the Organi- 

ation A investment in product eco-innovation. The SHINE hand- 

rint assessment included positive changes when Organization A 

ntroduces milk packaging eco-innovation within their own mar- 

ets (Scenario 1a) and outside their markets (Scenario 1b). We 

alculated results using both cradle-to-gate and cradle-to-grave P- 

CAs, as shown in Figs. 7 and 8 , respectively. The y-axis shows car-

on footprints in kg CO 2 -eq. The x-axis shows market product foot- 

rints of Organization A and Rest-of-Market in Time 1 and Time 2 

nd internal and external handprints in Time 2. The environmen- 

al implication of DfE in Organization A’s market was a decrease in 

arket production carbon footprint and thus, the potential internal 

andprint of the Organization A, as shown in Figs. 7 a and 8 a. For

cenario 1b, handprint potential is measuring impact of the foot- 

rint reduction due to market shift from Rest-of-Market products 

o eco-innovation of Organization A (MfE). In Scenario 1b, the po- 

ential internal handprint is increasing the carbon footprint of Or- 

anization A, as shown in Figs. 7 a and 8 a, but the external hand-

rint is decreasing the carbon footprint of Rest-of-Market due to 
210 
hrinking of their market, as shown in Figs. 7 b and 8 b. The sum

f the market product internal and external handprints resulted in 

ositive handprint and thus, in environmental benefit. 

.2. Scenario 2 — Consumers handprint assessment 

Scenario 2 included positive changes when Consumers change 

heir behavior to buy eco-innovation from Organization A depend- 

ng on whether they were initially buying ambient milk (Organi- 

ation A) or chilled milk from Rest-of-Market. Fig. 9 shows the re- 

ults of SHINE handprint assessment for Scenario 2a and 2b. The y- 

xis shows carbon footprints in kg CO 2 -eq. The x-axis shows mar- 

et product footprints of Organization A and B in Time 1 and Time 

 and internal handprints in Time 2. In both the overall market 

roduct footprints are decreasing because of behavior change of 

he Consumers to buy eco-innovation. The sum of the market in- 

ernal handprints resulted in positive handprint and thus, in envi- 

onmental benefit. 

The internal handprint shown in Fig. 9 b captured decreasing 

ilk loss by switching from chilled to aseptic milk. Other poten- 

ial benefits of this change may include reducing plastic pollution 

roblem. However, changing fresh milk production to aseptic mar- 

et is the most challenging scenario. First, because consumers are 

asing their choices mainly on the product they are buying, con- 

umer willingness to change from purchasing fresh milk to shelf- 

table milk may be difficult to achieve. Also, trade-offs associated 

ith the increase in organizations footprint due to filling machines 

arket expansion and due to increase in milk processing footprint 

ay be some of the barriers to adopting and pursuing that action. 

inally, once a specific packaging form or materials was selected, 

t would be very costly for liquid food manufacturers to switch 

o other packaging forms or materials, and demand-side substi- 

utability is weak for paper-based aseptic packaging in the rele- 

ant markets ( Fu and Tan, 2019 ). Due to high barriers in the ar-

as of technology and capital requirements, manufacturers of other 

ackaging equipment could not easily turn to producing paper- 
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Fig. 8. SHINE handprint assessment for Organization A of Scenario 1a and 1b for carbon footprint. Blue columns show market product footprints (FP) or Organization A at 

Time 1 and 2. Purple columns show market product FP of Rest-of-Market at Time 1 and 2. Green squares show positive internal and external handprints (HP) and red square 

shows negative internal HP of Organization A. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 9. SHINE handprint assessment for Consumer A (Scenario 2a) and Consumer Rest-of-Market (Scenario 2b) for carbon footprint. Blue columns show market product 

footprints (FP) or Organization A at Time 1 and 2. Purple columns show market product FP of Rest-of-Market (RM) at Time 1 and 2. Green squares show positive internal 

and external handprints (HP) of Organization A. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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ased aseptic packaging equipment, especially high-speed filling 

achines ( Fu and Tan, 2019 ). Thus, aseptic carton may not have 

igh supply substitutability in some individual markets. Finally, 

hanging fresh milk production to aseptic market is dependent on 

onsumer choice. The choice could be triggered differently in dif- 

erent markets. If we assume that the consumer footprint is equal 

o the number of consumers choices, then, based on the market, 

ur scenarios are approximations of how the consumer choices 

ould be. Consumers could be screened in terms of their willing- 

ess to choose a different packaging. The screening could help un- 

erstand consumers relevance for the organization in pursuing this 

ction and challenges and barriers of making that change. 
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.3. Net-positive assessment 

Net-positive assessment showed potential impact on Organi- 

ation A carbon footprint if they would increase carton eco- 

nnovation in their market and replace alternatives such as plas- 

ics outside their market. When handprints exceed organizational 

nd/or consumer footprint than an organization is net positive, as 

hown in Fig. 10 . 

The total Consumers handprint of Scenario 2a and 2b was 

5,777 million kg CO 2 -eq, which corresponds to the total annual 

ootprint of 1.3 million people if using an average Global citizen 

ootprint of 5,0 0 0 kg CO 2 -eq/year. Changing chilled market into 
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Fig. 10. Illustration of the net-positive assessment for Organization A including Organization A business-as-usual footprint and potential handprints calculated in Scenario 

1a and 1b. oF P A 
i 

is organizational footprint of Organization A, HP A 
i 

is total potential handprint of Organization A, iHP A 
i 
( 1 a ) is a potential internal handprint and iHP A 

i 
(1 bis 

a negative internal handprint of Organization A. Finally, eHP A 
i 
( 1 b ) is a potential external handprint of Organization A. (For interpretation of the references to color in this 

figure legend, the reader is referred to the web version of this article.) 

a

t

5

5

i

a

s

c

c

b

r

t

e

m

k

c

m

a

h

t

a

s

s

a

m

o

i

s

m

c

l

s

f

b

p

t

h

p

5

e

t

a

r

t

c

r

g

m

s

o

k

h

t

a

p

g

t

m

t

i

n

t

t

5

c

i

fl

B

t

c

r

p

i

m

d

5

c

a

a

6

s

septic is the most challenging one but it could potentially yield 

he largest handprints. 

. Discussion 

.1. What can handprinting mean for product eco-innovation? 

The SHINE handprint assessment showed a deep understand- 

ng of all the changes a product eco-innovation could bring 

bout. Thus, handprints can support the product or process de- 

ign/redesign. By showing the leadership what the eco-innovation 

ould be, it may remove some of the roadblocks to adopting the 

hange. The action from Organization A could include providing 

etter information to customers and consumers to understand the 

elevance of informed choices. Also, actions could include to fur- 

her improving performance to increase the gradient between av- 

rage solutions and eco-innovations. The SHINE handprint assess- 

ent could be used to show for which actions, and in which mar- 

ets an organization can do better. Accomplishing this can be fa- 

ilitated by addressing Avoided Emissions in the specific product’s 

arkets. Initial assessment may not require detailed information 

bout local conditions. However, once several potential markets 

ave been identified, in this kind of situations detailed informa- 

ion about local conditions of markets is needed. This means that 

t present if market of an organization’s eco-innovation is growing, 

o does its organizational carbon footprint, and thus the SOF per- 

pective does not capture positive impacts of the innovation. We 

lso include different perspectives – organization and consumer to 

ake sure all positive and negative impacts are included. Also, the 

rganizations could invest more in finding what customers need 

n the market of greater handprint and then developing the best 

olution for it. By including handprints into their processes and 

ethodologies, companies could make a difference not only in ac- 

elerating time to profitability of their eco-innovation, but in the 

ong-term adoption of it in the market. Even without the complete 

ubstitution in all markets, the unique solutions could help dif- 

erentiate company’s business among the competition and give a 

oost to their own revenue while nudging the entire industry in a 

ositive direction. Organization’s handprints could also force others 

o innovate faster than business as usual, thus resulting in ripple 

andprints that would include also other milk and other beverage 

ackaging industries. 

.2. What can net-positive assessment mean for product 

co-innovation? 

Because eco-innovation adoption depends on the consumers, 

he handprint assessment too should maintain a consumer-centric 

pproach. The positive action also includes improving the envi- 
212 
onmental sustainability performance in a market, e.g., by collec- 

ion and recycling improvements to add not only product pur- 

hase choices but also product disposal choices for consumers to 

educe their footprint. The SHINE handprint approach allows or- 

anizations to take a more holistic view regarding the business 

odel by including all actors (Customers, Rest-of-Market, and Con- 

umers), which allows business to be ahead of the curve to seize 

pportunities to market their innovative product and achieve mar- 

eting excellence. After the market segmentation process through 

andprint assessment, the net-positive assessment can help form 

he most complete and detailed picture of the target audience(s) 

nd to determine where the eco-innovation could have the most 

otential for making positive changes for both consumers and or- 

anizations. In the Scenario 1, in which the organization replaced 

heir current aseptic carton with its innovative aseptic carton, the 

arket share did not increase, and the business-as-usual Organiza- 

ion A footprint remained the same. However, shifting the packag- 

ng sector to an innovative sustainable carton will cause the orga- 

ization to increase its organizational footprints. At the same time, 

his change may result in a reduction of the competitors’ organiza- 

ional footprint due to market loss. 

.3. Implications for theory and practice 

Implications of this research for theory is that in many cases, 

ompanies have opportunities to be causes of massive reductions 

n the human footprint but are not adequately or properly re- 

ected in accounting that focuses only on the company’s footprint. 

y standardizing the method for calculating the positive impact, 

his research could have potential implications on how companies 

an aim for higher science based targets and achieve them more 

apidly. 

Implications of this research for practice is that there is a com- 

elling scientific and moral obligation for business (producers) and 

ndividuals (consumers) to go above and beyond footprint abate- 

ent and take actions that cause credibly reportable footprint re- 

uctions beyond value chain impacts. 

.4. Novelty and significance of this work 

This research demonstrated measurement of business’s and 

onsumers positive impacts by making change to eco-innovation 

nd simple communication of this information using handprints 

nd net-positive assessment. 

. Conclusion 

In this manuscript, we provided a detailed methodological 

tep for calculating handprints which are caused by business 
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hrough eco-innovation and/or consumers behavioral change to 

co-innovation. Then, we demonstrated the method on a case 

tudy of a business that is launching an aseptic milk carton eco- 

nnovation. Also, we used net-positive assessment to provide in- 

erpretation of the handprint results from perspectives of both ac- 

ors: Organization A and Consumers. The method was based on the 

eneral SHINE Handprint method framework and applied to unique 

ositive impact that businesses and consumers can co-create due 

o producing an eco-innovation and behavioral change shift to eco- 

nnovation, respectively. 

This study has showed the role of handprints as a decision sup- 

ort tool for product eco-innovation. The most important contribu- 

ions of this researchare in extending the scope of the assessment, 

caling up to global markets, and examining handprint relevance 

or an organization and consumers. The case study examined how 

nd where a global aseptic carton milk packaging producer might 

ffect positive changes. The results presented here focused on the 

rganization’s internal and external handprints, consumers internal 

andprints, and net-positive assessment. To our knowledge, this 

as the first examination of potential external handprints created 

y a business producing an eco-innovation. Results showed what 

ositive changes of product eco-innovation could be, where they 

ould matter the most, and how to get them right. First, the results 

howed how organizations can use handprints to report about re- 

uctions in footprint (SOF) that they could create by product eco- 

nnovation in their value-chain. Second, the results showed reduc- 

ions in footprint that they could create with their product eco- 

nnovation they bring about to out of the organization’s footprint. 

his can support a company’s decision-making, i.e., enabling orga- 

izations to choose between alternatives through both their value 

hain accounting and external markets. The results may inspire 

thers to shift their businesses from focusing only on the envi- 

onmental management to become drivers of sustainable develop- 

ent. 

This research expands the way of thinking about climate change 

s a mitigation problem only and seeking solutions either in busi- 

esses or consumers behavioral change. It requires seeking solu- 

ions both in businesses and consumers. 

The limitation of the case study is that these results are ex- 

nte assessments and thus are not intended to be used to assess 

he overall environmental performance of the products discussed 

nd modeled. Instead, these findings serve as a decision-making 

ool, which can help organizations select the most impactful ac- 

ions and markets where the change matters the most for both the 

rganization and the consumer. 

For businesses and consumers, future work should focus on im- 

lementation research including identifying approaches (potential 

actors) that could motivate behavioral change in identified mar- 

ets for significant handprint. As far as the method advancements, 

uture work will evaluate (i.e., measure actors’ handprints rela- 

ive to business as usual) other groups of actions (besides eco- 

nnovation) for which businesses can provide reportable cause of 

ositive impacts on climate and/or other impact categories that 

ould not have happened were it not for the actions of the com- 

any. 
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