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Abstract. The need to reveal positive environmental consequences of
offerings has risen as urgent climate actions are needed from companies. The
environmental handprint approach was developed to indicate the positive
environmental impacts of a solution offered to a client. The environmental
handprint approach builds upon the previously published carbon handprint
approach. The approach follows the guidelines of I1SO standards on Life
Cycle Assessment (LCA) but complements them with instructions for
calculating positive environmental impacts. The environmental handprint
framework allows consideration of several different environmental impacts
including climate impacts, air quality, and utilization of nutrients, water and
resources, and it can be applied to products, services, organisations and
projects. The framework consists of four main stages: 1. Handprint
requirements, 2. Additional LCA requirements, 3. Quantification, 4.
Communication. The handprint approach provides an important addition to
life cycle studies. Handprints can be used by organizations to communicate
the environmental benefits of their products, services, and technologies.
They also serve as an aid to identify improvement potential throughout the
life cycle of an offering, thus supporting product development and decision
making. Case studies supported the methodology development. A case
related to water handprint in water treatment in the mining industry is
presented in this paper.

1 Introduction

In recent years, sustainability goals have become increasingly important to steer companies’
actions. Measuring the environmental performance of products and services has concentrated
on negative life cycle impacts, and there has been an increasing interest for indicators that
reveal positive environmental consequences of offerings. Various companies and
organizations that have already minimized their own footprint have been lacking the means
to showcase the environmental benefits their offerings can enable to their customers. LCA
studies, based on ISO LCA standards [1,2], provide valuable information of the
environmental burden of a product system from cradle to grave. However, specifications to
these general LCA standards are needed to improve the accuracy of assessments and to widen
the scope of studies towards assessing positive impacts. For example, ISO 14067 [3] on the
carbon footprint of products specifies the principles, requirements and guidelines for the
quantification and reporting of the carbon footprint of a product, thus complementing ISO
14040 and ISO 14044 standards. However, the guidelines for assessing positive
environmental impacts of offerings have been lacking. Approach to measure positive impacts
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of actions has been recently introduced by Notris et al. [4]. The Sustainability and Health
Initiative for NetPositive Enterprise (SHINE) handprint framework developed by Norris et
al. aims to quantify environmental, economic, and social positive changes caused by an actor
when compared to business-as-usual situation. Biemer [5] has also presented the ideas of
handprints by emphasizing a positive way of thinking and well-meant actions to promote
sustainability. The carbon handprint approach by research institution VTT and LUT
university introduced by Gronman et al. [6] and Pajula et al. [7] provided general principles
and instructions for assessing the carbon handprint of a product or service. Based on the most
up-to-date definition [8] a handprint refers to the beneficial environmental impacts that
organizations can achieve and communicate by offering products and services that reduce
the footprints of others.

Footprints, in general, describe the environmental burden throughout the life cycle of a
product system. Carbon footprint, for example, is usually calculated based on actualized data
on company’s or product’s greenhouse gas emissions and removals. Handprint, however, is
a comparative indicator, which describes about the emissions or consumption that can be
reduced or avoided using a certain product instead of a baseline product. Thus, the handprint
is equal to the possible or actualized reduction in the footprint of the user of the offering. The
handprint can be created by two means: Using an offering that carries a lower environmental
burden than the baseline offering (cradle to gate processes), e.g., through improved resource
efficiency in manufacturing; or through the environmental impact reduction which actualizes
while using the offered solution (gate to grave processes), for example through energy
efficient products. Also, a combination of both means is possible in order to create a
handprint, see Figure 1.
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Fig. 1. Handprint is created if the footprint of the offered solution is lower than that of the baseline
solution while used by the same customer (modified from [8]).

The carbon handprint approach gives guidelines only for assessing positive climate
impacts, i.e., reduction in greenhouse gas (GHG) emissions. However, a framework for
evaluating positive environmental impacts for other impact categories with wider application
options has been lacking. The environmental handprint approach presented in this paper, aims
to respond to the need for specific guidelines to assess positive impacts of products, services,
organizations, and projects for several environmental impact categories including climate
change, air quality along with nutrient, water, and resource use. The environmental handprint
approach from the air quality perspective recently presented by Lakanen et al. [9] is another
example for an environmental handprint besides the handprint presented in this present
article.
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2 Materials and methods

The framework is based on the carbon handprint approach introduced by Grénman et al. [6]
and Pajula et al. [7]. The environmental handprint approach is also closely linked to the
standardized LCA method with some specific complements for assessing positive
environmental impacts. Environmental handprint is an umbrella concept including various
positive environmental impacts. The framework for the environmental handprint is presented

in Figure 2.
- Project
Product O t
Define the scnpe-nf . _ Product . . rganlfa “mnf ; (a norrrecurrent activty to reach the preferred
the offered solution (goods, service, material, component) (product or service portfolio) outcome in a defined time frame)
Identify potential
handprint Description, how the offered solution may achieve footprint reductions
contributors
— : 3
- Resources: . Nutrients: Air quality:
m Identiy the Water:  Nutients: o.g. Particulate matter
Q environmental Climate change: &g Abiotic Depletion e.g.. scarcity, N]mg.mplmsP horus (PM;;, PM, 5). Nitrogen
< impacts in question Greenhouse gas Potential (ADP) hicati Potassium balance and oxides (NOX), Sulphu
= ! ; nouse & (elements and fossil Lopeal in . Sulpht
7 and their potential emissions - acidification, . dioxide (S0,), Volatile
. fuels), cumulative 5 addition e.g ., toxicity,
indicators - 4 4 toxicity acidification organic compounds
energy deman (VOC), health impacts
Identify the users
":: 3:::2:2:“ Identification of potential or actual customers or other parties that may benefit from the offered solution
solution
Define the baseline Reference case that best represents the conditions (most likely) to occur in the absence of the offered solution
Define th
o~ eme e The measure of the function the offered solution delivers in a relevant time frame in use
m functional unit
S Define the system ) o . .
< : The relevant and similar life cycle stages of the offered and the baseline solution
= boundaries
W
Define data needs Tdentification of representative and accessible data of the offered and baseline solution representing the similar geographical and time-
and sources related coverage
Lt Calculate th
m :“Z':p":_; i * Caleulation of footprints of the offered and baseline sclution based on relevant ISO-standards where applicable
Q
=< Calculate the
= handprint Difference of the footprints calculated
%]
Identify the relevant
<+ indicators to be Confirmation of the most relevant indicators that accurately and justly represent the results and should thus be communicated
communicated
&} C:::_;:r:; :::al Recommended in Business to Consumer (B2C) communications, and mandatory if the results are intended for comparative
g handprint assertions to be disclosed to the public as instructed in the ISO standards 14044 and 14026.
w

Communicate the 5 B
results Communicating the results respecting appropriateness, clarity, credibility, and transparency

Fig. 2. The framework for the environmental handprint.

The framework consists of four main stages, which are: 1. Handprint requirements, 2.
Additional LCA requirements, 3. Quantification, 4. Communication. Each stage comprises
several steps, which guide in quantifying and communicating the handprint more precisely.
Especially the first stage is specific to a handprint assessment when compared to a traditional
LCA assessment, and thus explained here briefly.

In Stage 1, one must first define, whether the handprint assessment is done in a product
or an organizational level, or if a project’s positive environmental impacts are evaluated.
Next, a hypothesis is made about how the offered solution would contribute to reducing
footprint of its users. These mechanisms may be derived, for example, from the use of
recycled, renewable, or less polluting materials and energy, from increased lifetime or
performance, reduced waste or losses or through increased carbon capture and storage. The
choice of these mechanisms in question determines which environmental impacts are relevant
to be included in the study. Figure 2 presents the recommended indicators when assessing
the handprint related to climate change, resources, water, nutrients, and air quality. Further
guidelines for conducting the handprint assessment for these different environmental impacts
can be found from the final report of the environmental handprint project [10].The fourth
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step is to identify the users of the studied offering. The handprint calculation always includes
the use phase either through an actual or potential user using the studied offering compared
to a baseline offering. Thus, handprint studies are always user specific. However, in situations
where specific user cannot be identified, e.g., in the case of bulk products or heterogenous
customers for the offering, a representative average user may be used in the assessment.
However, also in these cases, geographical boundaries need to be kept similar. The final step
at Stage 1, defining the baseline, is presumably the most critical on the results of the handprint
assessment. The baseline sets the point of comparison, and it should be selected with
conservative justifications and reported transparently. For more detailed guidance on the
baseline determination procedure, the reader is advised to refer to the Carbon Handprint
Guide v. 2.0 [8], which was composed in tight connection to the environmental handprint
approach work presented in this paper. In the guide, the following Stages 2-4 of the handprint
assessment are also presented.

Case studies, representing several Finnish companies with different offerings from
varying industrial sectors, were done to support the framework development. Case studies
were performed for all impact categories and applications described in the environmental
handprint framework. The case study of water handprint assessment for a water purification
technology used in the mining industry is presented in the following subsection.

2.1 Case study: Water handprint of water purification technology

In the case study, the environmental handprint approach from the water quantity and quality
perspective was considered to assess potential water handprint of water purification
technology. The water handprint approach described in the environmental handprint
framework may consist of many indicators, which can be divided into two main categories,
as in the water footprint standard ISO 14046 [11]: water scarcity impacts (water quantity)
and water quality impacts. In the presented case study, a water scarcity handprint, and a water
quality handprint in terms of eutrophication were quantified.

In this case study, the novel water purification technology is used in a water treatment
plant in a mining company located in Northern Finland. In a baseline situation, water from
underground and open mining operations can be directed to wetlands to be biologically
treated. However, the area of the wetlands must be large enough to ensure sufficient removal
of nutrients and impurities and moreover, purification potential of the wetlands is strongly
dependent on the season and outside temperature. Novel water purification technology,
referred here as the offered solution, aims to remove solid matter, dissolved minerals, and
metals as well as nitrogen compounds from wastewater before it is released to the wetlands,
which reduces emissions to receiving water bodies. Additionally, the share of the purified
water from the water treatment plant can be recycled and used in enrichment processes of the
mining company, which replaces the primary water intake and decrease overall water
consumption. The framework for the case of the water purification technology is presented
in Figure 3.
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Fig. 3. The water handprint framework for the case of the water purification technology.

To quantify potential water handprint for the water purification technology, water scarcity
and water quality footprints for the baseline and offered solutions were determined. The
handprint was calculated as a difference between the footprints. The data for water streams
of the mining operations were acquired from the environmental permit document of the
mining company, which also stated the amounts of water treatment chemicals used per year.
The amounts of chemicals used in one month were as follows: Sodium hydroxide (NaOH)
0.05 tonnes (t), ferric sulfate (Fex(SO4)3) 1 t, and polyacrylamide 0.05 t. Water consumption
during the production of chemicals was taken from the Ecoinvent database. Table 1 illustrates
water consumption volumes used for water scarcity handprint calculation.

Table 1. Water consumption volumes of the baseline and offered solution in water scarcity handprint

calculation.

Water consumption / hour

Direct primary water Indirect primary water

Recycled water, m*h

consumption, m¥h consumption, m¥h

Baseline solution

35 0 0

Offered solution

23 12 0.035

The scarcity factors for each water consumption location are derived from AWaRe
(Available Water Remaining) methodology by Boulay et al. [12], which also defined the
calculation unit of cubic meters of world equivalent per year (m3 world eq. /y) for scarcity
assessment. Local scarcity factors of 0.9 for the plant and 1.1 for chemicals were used.
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In the quality assessment, for the baseline it was assumed that the wetlands remove
approximately 87% of nitrogen which is bound in NH4 (NH4-N) and 3% of nitrite and nitrate-
N (NO,+NO3-N). The estimated baseline is 7,000 kg N emissions and 40 kg P emissions per
year, which were converted to PO4>* eq. with the CML 2001 general eutrophication impact
factors. For the studied solution, the removal efficiency of the process is 75% of nitrogen
bound in NHs (NHs-N) and 78% of nitrite and nitrate-N (NO>+NO3-N) [13].

3 Results and discussion

Based on water handprint assessment, water scarcity handprint is 94 m? world eq. / year,
which corresponds to 34% of the annual water demand of the baseline. The water quality
handprint in terms of eutrophication showed to be 460 kg PO4> eq. / year, meaning a 63%
reduction in the eutrophication potential compared to the baseline solution. Both water
scarcity and water quality handprints are presented in Figure 4.
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Fig. 4. Water scarcity handprint and water quality handprint as a eutrophication per year in the case
study.

The results of the case study show that water purification technology can reduce both
water consumption and eutrophication potential compared to the baseline solution.
Consequently, the provider of water purification technology may communicate both water
scarcity handprint and water quality handprint for its water purification technology when
used by the specific mining company in the specific year. The results show that water
handprint is a useful and a practicable method for quantifying changes in water use and
quality when a new solution is introduced in market or when comparing existing solutions.

With handprints organizations and companies are able to show environmental benefits of
their products, technologies, and services, as well as scientifically show their environmental
responsibility. Handprint assessment also provides information on improvement potential
throughout the life cycle of an offering, thus supporting product development and decision
making. For companies, the handprint is not only an effective marketing and communication
tool, but also gives valuable information for customers in decision-making.

4 Conclusions

Transition towards more sustainable production and consumption requires actions, which
bring about positive changes throughout the value chain of offerings. The approach to assess
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environmental handprints provides a systematic, scientific-based approach to assess
beneficial environmental impacts of products, services, organizations, and projects. It allows
consideration of several impact categories including climate change, air quality and
utilization of nutrients, water and resources thus providing a multi-purpose indicator for
many applications.

As footprints measure principally the negative life cycle impacts of products and services,

environmental handprint approach provides a way to assess and communicate positive
environmental impacts hence offering a necessary extension for life cycle studies.

Acknowledgements. The research was conducted as part of the Environmental Handprint
project co-funded by Business Finland, Andritz, Biolan, Borealis Polymers, Ekox Finland,
Gasum, HyXo, Lassila & Tikanoja, Neste, Nordic Investment Bank, Outotec, Paptic, UPM-
Kymmene, Semantum, Sitra, Stora Enso, Péddkaupunkiseudun Kierrdtyskeskus, VTT
Technical Research Centre of Finland Ltd, and Lappeenranta-Lahti University of Technology

LUT.

References

1. 1SO 14040:2006, Environmental Management - Life Cycle Assessment - Principles and
Framework (2006)

2. 1SO 14044:2006, Environmental Management - Life Cycle Assessment -Requirements
and Guidelines (2006)

3. 1SO 14067:2018, Greenhouse gases - Carbon Footprint of Products - Requirements
and guidelines for quantification (2018)

4. G. A Norris, J. Burek, E. A. Moore, R. E. Kirchain, and J. Gregory, Sustainability
Health Initiative for NetPositive Enterprise handprint methodological framework, Int.
J. Life Cycle Assess. 26, 528 (2021)

5. J. R. Biemer, Our Environmental Handprints. Recover the Land, Reverse Global
Warming, Reclaim the Future. (Rowman & Littlefield Publishers, 2021)

6. K. Grénman, T. Pajula, J. Sillman, M. Leino, S. Vatanen, H. Kasurinen, A. Soininen,
and R. Soukka, Carbon handprint — An approach to assess the positive climate impacts
of products demonstrated via renewable diesel case, J. Clean. Prod. 206, 1059 (2019)

7. T.Pajula, S. Vatanen, H. Pihkola, K. Grénman, H. Kasurinen, and R. Soukka, Carbon
Handprint Guide (2018)

8. T.Pajula, S. Vatanen, K. Behm, K. Gronman, L. Lakanen, H. Kasurinen, and R.
Soukka, Carbon Handprint Guide V. 2.0. Applicable for Environmental Handprint
(2021)

9. L. Lakanen, K. Grénman, S. Vdisanen, H. Kasurinen, A. Soininen, and R. Soukka,
Applying the handprint approach to assess the air pollutant reduction potential of
paraffinic renewable diesel fuel in the car fleet of the city of Helsinki, J. Clean. Prod.
290 (2021)

10. S. Vatanen, K. Grénman, K. Behm, T. Pajula, L. Lakanen, H. Kasurinen, R. Soukka, L.
Hepo-oja, K. Lindfors, and M. Alarotu, The Environmental Handprint Approach to
Assessing and Communicating the Positive Environmental Impacts. Final Report of the
Environmental Handprint Project (2021)

11. 1SO 14046:2014, Environmental Management - Water footprint - Principles,

Requirements and Guidelines (2014)



E3S Web of Conferences 349, 12001 (2022) https://doi.org/10.1051/e3sconf/202234912001

LCM 2021

12. A-M. Boulay, J. Bare, L. Benini, M. Berger, M.J. Lathuilliére, A. Manzardo, M.

13.

Margni, M. Motoshita, M. Nlfiez, A.V. Pastor, B. Ridoutt, T. Oki, S. Worbe, S. and S.
Pfister, The WULCA consensus characterization model for water scarcity footprints:
assessing impacts of water consumption based on available water remaining
(AWARE), Int. J. Life Cycle Assess. 23, 368-378 (2018)

P. Kilpeldinen, Biologinen typenpoisto kaivosvedesta. Diplomityd, Tampereen
yliopisto (2020)



