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Abstract. This paper discusses the development of a method that enables organisations to
demonstrate progress in reducing the consumption of natural resources for the entirety of their
assessed activities over time. The method is based on organisational life cycle assessments
(O-LCA) and the evaluation of the environmental impact of improvement measures regarding
resource use within the life cycle of the organisation’s activities. The results of the life cycle
impact assessment (LCIA), which is part of the O-LCA, are used to derive the Resource Index.
This index shows the development of an organisation in terms of resource efficiency and re-
source conservation in a single key figure. The use of the Resource Index instead of several
different key figures simplifies the tracking of improvements in resource use over time. Another
advantage of this approach is that this index is not sensitive to changes in LCIA methods used,
economic fluctuations or structural organisational changes. The method has been tested with
data from various industrial companies and can be applied to single production sites right
through to complex organisations. It helps to draw up action plans, to set targets, to predict the
effects of measures and to establish continuous improvement (e.g. in the framework of a PDCA
cycle of quality management processes).

Keywords: Resource Conservation, Resource Efficiency, Resource Intensity, Resource Use,
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1. Introduction

The sustainable use of natural resources is crucial for resilient future economies. An important
cornerstone of this is the measurability of the environmental impact of organisations and their
action plans in order to make improvements in resource efficiency and conservation transpar-
ent and comprehensible. Various approaches exist that deal with quantifying resource use and
attempt to evaluate it from the perspective of its impact on the environment and/or resource
availability. Usually, these are accounting methods that focus on individual products or projects
(e.g. VDI [1] and [2], ISO 14040 [3]), or accounting methods that determine environmental
impacts at the organisational level (e.g. UNEP [4], ISO 14072:2024 [5]).

Figure 1 shows an overview of standards, guidelines, methods and tools relating to the
use of natural resources and resource efficiency, classified according to the main application
focus: products or organisations. Only a few methods shown in the middle of the figure can be
used in both areas: for products and organisations. When targeted action plans are drawn up
for an organisation and their impact is to be assessed over time, both approaches (assessing
on a product level and assessing organisations) are necessary, as the product perspective and
the organisational perspective are interconnected.
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Figure 1. Overview of standards, guidelines, methods and tools (exemplary, not exhaustive) in the
context of resource use, but in different subject areas (e.g. circular economy, sustainability reporting)
classified according to application focus: products or organisations. Methods for assessing the life cy-

cle of products or organisations are mostly based on the international ISO 14040/44 standards. The
Resource Index method fills a gap by introducing a single key figure to assess the improvement in an
organisation's resource efficiency and resource conservation, rather than using several individual key

figures.

Figure 1 could also be structured using the following subject areas:

e Life Cycle Assessment (UNEP O-LCA [4], SO 14072:2024 [5], ISO 14040 [6], ISO
14044 [7]), OEF and PEF [8])

¢ Greenhouse gas accounting (GHG Protocol [9], ISO 14064 [10], ISO 14067 [11])

e Circular economy (GCP [12], CTI [13], ISO 59000 Family [14])

e Assessment of resource use by organisations (VDI 4800 [1] and [2], VDI 4600 [3],
EnAW [15])

e Assessment of resource use by products and services (MIPS [16], ESSENZ [17], VDI
4800 [1] and [2], VDI 4600 [3])

e Assessment of measures (ESTEM [18], Reffnet [19])

e Sustainability reporting (ESRS [20], GRI [21]).

However, individual guidelines and methods often only cover part of the overall picture,
for example by analysing only the material flows and neglecting the energy flows, or by focus-
ing on only a few materials. Furthermore, most guidelines and methods recommend using a
set of various individual key figures for the assessment rather than a single key figure. A single
figure that provides a comprehensive overview of the development of resource efficiency and
resource conservation in organisations would significantly simplify the analysis.
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A method for assessing improvements in organisations' resource efficiency and resource
conservation should not be too sensitive to changes, for example, in life cycle assessment
methods or economic fluctuations. This paper proposes a method and an index, the Resource
Index, which were developed to meet these requirements.

2. Resource Index

2.1 Definition

The term ‘resource’ is used in a very broad sense; it can be of a material or immaterial nature.
This study focuses on natural, material resources. It is assumed that the consumption of nat-
ural resources can be determined using environmental life cycle assessments (LCA).

An index based on a life cycle assessment (LCA) should therefore be suitable for evalu-
ating the consumption of natural resources, and changes in this ‘Resource Index’ over time
should be able to reflect developments in resource efficiency and resource conservation within
the organisation being assessed. The Resource Index was modelled based on the approach
used to calculate the energy efficiency indicator for organisations under the framework of target
agreements between companies and the federal government in Swiss legislation [22]. How-
ever, this approach is limited to energy efficiency. The Resource Index is designed to demon-
strate an organisation’s progress in terms of resource efficiency and conservation in a single
key figure.

Equation (1) defines the Resource Index (RI), which is derived using the method described
in Section 3.3. The calculation of the RI requires aggregated results from the organisational life
cycle assessment (O-LCA), including life cycle impact assessment (LCIA), as well as a life
cycle assessment (LCA) of the organisation's improvement measures using the same LCIA
method. The results of the LCIAs are expressed as aggregated ‘Points (i)’ for the organisation,
where ‘I’ is the index for the accounting period, and expressed as ‘reduction in Points through
measures (k) for the improvement measures, where ‘K’ is the index for the total assessment
period from the start period ‘i0’ to the current accounting period ‘7.

Y Points (i)
Y Points (i)+2;'(=i0 reduction in Points through measures (k)

Resource Index (i)[%] = 100 X

(1)

‘Points’ are the result of a fully aggregating LCIA method, e.g. the Ecological Scarcity
method ‘ES 2021’ (expressed in environmental points with the unit ‘UBP’) [23] or the European
Union's Environmental Footprint method ‘EF v3.1’ (expressed in ‘EF Points’) [24]. As men-
tioned, ‘7’ is the index for the accounting year, with ‘i0’ representing the start year of the analy-
sis.

In principle, it is also possible to use the equation in combination with the results of other
LCIA methods, such as those used to assess only the effects of climate change. In such cases,
however, it is necessary to assess the extent to which the resulting Resource Index can reflect
resource efficiency and resource conservation, or whether it merely highlights certain environ-
mental impacts. In addition to the fully aggregating LCIA methods, this study used the IPCC
2021 method to estimate greenhouse gas emissions, resulting in a ‘Greenhouse Gas Index’.

2.2 Determination Method

In order to assess an organisation’s progress in terms of resource efficiency and resource
conservation over time, the first step is to conduct an organisational life cycle assessment (i.e.
the application of an O-LCA framework using an LCIA method) for that organisation covering
a defined period, e.g. on an annual basis. A complete life cycle is shown in Figure 2, divided
into upstream processes (cradle-to-gate) and downstream processes (gate-to-grave). It is pro-
posed to distinguish between a resource index for upstream processes (Resource Index A)
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and a resource index for downstream processes (Resource Index B). This is useful to consider
different areas of influence and starting points for measures of the analysed organisation, pos-
sible scope for action and different time frames.

Widely recognised rules, guidelines and regulations should be used for conducting O-LCA
(e.g. the guidelines of UNEP [4] or OEF of the European Union [8], see also Figure 1) and
these must be consistently maintained over the following assessment periods. Otherwise, it is
not possible to compare the results from different periods. If it is not possible to maintain the
same rules and guidelines, corrective calculations must be performed to ensure consistency
across the periods being compared. In general, the principles of O-LCA, namely transparency,
consistency, relevance, completeness and accuracy, should be applied.

The results of the organisational life cycle assessment also serve as a basis for identifying
improvement measures within the organisation regarding the use of natural resources. To im-
prove their resource efficiency and resource conservation, organisations such as companies
or corporate groups must implement improvement measures throughout the entire life cycle.
Therefore, the second step involves assessing the identified areas for improvement and im-
provement measures from the perspective of resource use and environmental impact.

The Resource Index can be used to demonstrate that an organisation is effectively im-
proving over time, even when the operating environment changes, e.g. due to structural or-
ganisational changes or growth in production.

Organisational boundary Circular economy

Other
--- organisational st
activities

Extraction of Pre-processing Production of Processing of Treatment at
. ) Use of products .
raw materials of materials products products the end-of-life

Gate-to-Gate

> Cradle-to-gate (upstream processes): Resource Index A >> Gate-to-grave (downstream processes): Resource Index B

> Life cycle of systems (organisation, products, processes, services) >

Figure 2. lllustration of the classification of the Resource Index into two areas, A and B, in relation to
life cycle assessment of an organisation.

Figure 3 shows a flow chart of the method divided into five phases. However, the focus of
this paper is the calculation formula of the Resource Index and assessing its applicability, ra-
ther than on explaining the individual stages of the method.
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Results: Balance sheet and graphical representation of environmental impacts (absolute
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~N
(Phase 2: Evaluation of the effectiveness of the measures in terms of reducing

environmental impacts (GHG emissions, aggregated environmental points). Assignment
of measures to the categories A or B.
\Results: List of evaluated improvement measures, divided into categories A and B.

/
4 L L . N
Phase 3: Estimation of the development of the organisation's GHG emissions and
aggregated environmental points over time. Calculation of the ResourceIndex A and B.
Setting targets and reduction paths for the absolute key figures and the Resource Index.

9 Results: Forecast of GHG emissions, environmental points, Resource Index A and B.

v

. Implementation of measures
" Continuous improvement process

4

(Phase 4: Annually: Life cycle assessment of the organisation. Assessment of the impact )
of the measures implemented (GHG emissions, environmental points).
Results: Trend in absolute greenhouse gas emissions, environmental points and the
9 Resourcelndex A and B as a measure of resource use by the organisation's activities.
1

J

(Phase 5: Evaluation of the results of phase 4. Comparison with the previous year's
results and the targets set (GHG emissions, environmental points, Resource Index A
— and B). Absolute key figures and Resource Indices A and B must be interpreted together

in order to obtain meaningful results.
\Results: Set of indicators for the continuous improvement process.

J

Figure 3. Method for determining the Resource Index and its integration into the organisation's contin-
uous improvement process (e.g. PDCA Plan-Do-Check-Act cycle according to ISO 9001 standard),
illustrated here using the example of annual assessments.

3. Investigations of Applicability

3.1 Example Scenarios

A key requirement for the newly defined Resource Index is that it can be applied to a wide
range of conditions, which can vary greatly, such as changes in production volumes or changes
in methods used to assess life cycle inventories. To demonstrate this, two example scenarios
were used:

e Scenario #1: Changes in production volume
e Scenario #2: Changes to life cycle inventory assessment (LCIA) method.

The following basic assumptions apply to both scenarios:

o The scope of the assessment is cradle-to-gate (scope “A”)
o Time period considered: 2021 to 2050
e Use and comparison of three life cycle inventory assessment (LCIA) methods for cal-
culating the Resource Index:
o IPCC 2021 (greenhouse gas emissions, expressed as CO2-eq, fossil)
o Ecological Scarcity 2021 (ES 2021), expressed as aggregated environmental
points UBP
o Environmental Footprint of the European Union version 3.1 (EF v3.1), ex-
pressed as aggregated EF Points)
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e Results for the starting year 2021: 1000 t CO-eq (fossil), 180 x 107 UBP, 84 EF Points

e In 2035, an improvement measure will be implemented that will result in the following
reductions: -20 % in CO»-eq (fossil), -10 % in UBP and -25 % in EF points, based on
the forecast figures for 2035.

3.2 Scenario Calculation Results

3.2.1 Example Scenario #1: Changes in production volume

In this scenario, it was assumed that production volumes would double between 2021 and
2050, whilst the composition of materials and energy sources remained unchanged. Assuming
that the O-LCA framework and LCIA method used remain unchanged, the absolute LCIA re-
sults would also double if no improvement measures to reduce environmental impacts were
implemented.

The impact of the improvement measure planned for 2035 on the LCIA results was exam-
ined using two variants:

#1a The improvement measure is scaled in proportion to the production volume

#1b The improvement measure is independent of production volume (e.g. replacement of
the heating system in the production building, which does not depend on production
volume).

Figure 4 shows the absolute LCIA results for Scenario #1a: on the left-hand axis the an-
nual development of the environmental impact (Environmental Footprint EF v3.1 in EF Points
and Ecological Scarcity ES 2021 in 107 UBP), and on the right-hand axis the change in green-
house gas emissions (IPCC 2021 in t CO»-eq, fossil).
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Figure 4. Development of absolute LCIA results for Scenario #1a: Assumption of linear growth in pro-
duction volume of 100 % from 2021 to 2050 with a corresponding proportional increase of environ-
mental impact (Environmental Footprint EF v3.1, Ecological Scarcity ES 2021 and greenhouse gas

emissions according to IPCC 2021). The figures show results without and with the implementation of

the measure in 2035. The impact of the measure increases in proportion to the volume of production.

The effect of implementing the measure in 2035 is reflected in a sharp decline, where the
extent of the change depends on the LCIA method used.
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Figure 5 shows the results for Resource Index A for Scenario #1a. The improvement in
resource efficiency and resource conservation resulting from the improvement measure is
shown as a decrease in Resource Index A for all LCIA methods used. However, it is also clear
that the increase in production volume, and thus in the absolute LCIA results, has no impact
on the Resource Index.

If the implemented improvement measure is not scaled up in proportion to the production
volume, as assumed in Scenario #1b, the Resource Index A is likely to rise over time after
2035, as is clearly shown in Figure 6. In practice, this means that as production volumes rise,
the Resource Index can only be maintained at the same level or reduced further if more effec-
tive measures are implemented.

Equation (2) can be used to explain this behaviour by adding two factors to Equation (1):
‘f,” as scaling factor for the organisation’s LCIA result, and ‘f,’ as scaling factor for the impact
of measures on the organisation’s life cycle.

RI (i)[%] = 100 x fpXY Points (i) 2

fpXX Points (i) +fm><2;'(=i0 reduction in Points through measures (k)

If the factors f, and f,, are equal (cf. Scenario #1a), they can be factored out of the equation;
the Resource Index RI is in this case independent of the scaling and thus independent of pro-
portional changes in production volumes and LCIA results.

If the factor f,, is equal to 1 (cf. Scenario #1b), an increase in the factor f, leads to a de-
crease in the denominator and thus to an increase in the RI.

110% -
100% A
90% ~

80% -

Resource Index A

70% -

60% -

50% T T T T T 1
2020 2025 2030 2035 2040 2045 2050

e Resource Index A (EF v3.1) e e e Resource Index A (ES 2021) Resource Index A (IPCC 2021)

Figure 5. Representation of Resource Index A for Scenario #1a: Assumption of linear growth in pro-
duction volume of 100 % from 2021 to 2050 with a corresponding proportional increase of environ-
mental impact (Environmental Footprint EF v3.1, Ecological Scarcity ES 2021 and greenhouse gas
emissions according to IPCC 2021) and a proportionally scaled improvement measure. The figure

shows that the Resource Index does not increase; in contrast to the absolute LCIA results (Figure 4).
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Figure 6. Representation of Resource Index A for Scenario #1b: Assumption of linear growth in pro-
duction volume of 100 % from 2021 to 2050 with a corresponding proportional increase of environ-
mental impact, but without scale-up of the improvement measure. Consequently, the figures show that
the Resource Index rises again after 2035.

Equation (2) can also be used to explain why the reduction in LCIA results does not nec-
essarily indicate an improvement in resource efficiency and resource conservation. As already
mentioned, proportional changes in production volumes and in the effectiveness of measures
lead to identical scaling factors f, and f,,. Consequently, the Resource Index remains constant
or ‘robust’ even when LCIA results decline and yield the same pattern as in Figure 5.

The correlations and findings identified for the cradle-to-gate perspective (upstream,
scope A) also apply to the gate-to-grave perspective (downstream, scope B).

3.2.2 Example Scenario #2: Changes to life cycle inventory assessment (LCIA)
method

LCIA methods, such as the Environmental Footprint [24] and Ecological Scarcity [23] methods,
are subject to further development and adaptation. For example, the eco-factor for greenhouse
gases in the Ecological Scarcity method was doubled between the 2013 and 2021 versions
[23]. This means that an organisation’s O-LCA and LCIA results and the LCIA results of the
assessment of measures may differ from those of previous LCIA versions. Equation (2) can
also be used to discuss the impact of these changes on the Resource Index. In this case, the
scaling factors f, and f,, represent ‘version change factors.

If f, and f,, are equal, the case is trivial: they are factored out and the Resource Index
shows no change. Although the organisation’s LCIA results and the assessment results of the
measures change in absolute terms, the Resource Index remains unchanged. This is correct,
as the impact of the measures is not affected by the change in methodology.

A more realistic case is one in which these factors are not the equal. This is because
activity data, e.g. the use of materials or energy carriers, may be evaluated differently under
the previous and new LCIA methods. This is reflected in the Resource Index, which may be
higher or lower following the method change. The Resource Index thus shows the changing
impact of improvement measures related to the updated LCIA methods (e.g. the implementa-
tion of new findings and technological developments).
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4. Example Using Simplified Real Company Data

4.1 Procedure

A company operating in the field of plastic injection moulding was analysed. This company
manufactures cases for the protection and transport of measuring instruments. The actual data
from the analysis has been simplified to focus on the most important effects and processed
into the following example.

The EnAW Resource Efficiency method (cf. Figure 1) was used to assess the company in
terms of resource consumption and environmental impact, potential for improvement, target
setting and data monitoring. As part of this approach, the Resource Index was tested for its
applicability in quantifying the company's improvement in resource efficiency and resource
conservation. The general procedure was as shown in Figure 3. An O-LCA was carried out for
the year 2021. The LCIA methods Ecological Scarcity 2021 (ES 2021 with the unit UBP), En-
vironmental Footprint of the European Union, version 3.1 (EF v3.1 with the unit EF Points),
and the evaluation of the climate change according to IPCC 2021 (Global Warming Potential
over 100 years, GWP 100a, with the unit t CO,-eq) were used.

On this basis, potential improvements in terms of resource use and environmental impact
were identified and a list of measures was drawn up. The effectiveness of the measures in
terms of resource efficiency and resource conservation was assessed using the LCIA methods
mentioned above. Resource Indices A and B (cf. Figure 2), compared with the absolute key
figures for greenhouse gas emissions (fossil) and environmental points (UBP and EF Points),
were used to estimate the development of the company's resource efficiency and resource
conservation.

Measurements for energy and material flows as well as data for implemented measures
were available for the years 2021 to 2025. Forecasts were made from 2026 onwards.

4.2 Outcome

Figure 7 presents the cumulated impact of measures from the start year 2021 from a cradle-
to-gate perspective (upstream, scope A) exemplary for EF Points (Environmental Footprint
method EF v3.1). Figure 8 shows the effects in the gate-to-grave processes (downstream,
scope B). It is evident that the measures would cumulatively lead to cradle-to-gate savings of
up to 720 EF Points per year, whereas the list of measures forecasts gate-to-grave savings of
35 EF Points per year.

The absolute values of the environmental impacts for the years 2021 to 2025 and the
forecasts for the development in the years 2026 to 2050 are shown in Figure 9 and Figure 10.
It is evident that the results of different life cycle impact assessments (LCIA) can vary and even
contradict each other. This requires more detailed analysis, which is not discussed in detail
here, as these methodological details are not the subject of this paper.

Resource Indices A and B were determined according to Equation (1) and are represented
in Figure 11 and Figure 12. Since no economic growth was assumed for the forecasts until
2050, Resource Indices A and B follow the same pattern as the absolute key figures in Figure
9 and Figure 10. Taking EF Points (EF v3.1) as an example, this means that cumulative sav-
ings of approx. 720 EF Points per year lead to a reduction in Resource Index A (cradle-to-gate)
of approx. 75 %.
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Figure 7. Measured (2023, 2025) and predicted (from 2028) cumulated effects of improvement
measures on EF Points, estimated according to Environmental Footprint method EF v3.1, on a cradle-
to-gate perspective (upstream processes).
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Figure 8. Predicted cumulated effects of improvement measures on EF Points, estimated according to
Environmental Footprint method EF v3.1, on a gate-to-grave perspective (downstream processes).
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Figure 9. Measured (from 2021 to 2025, lines with dots) and predicted (from 2026) environmental im-
pacts, cradle-to-gate (upstream, scope A), resulting from the implementation of improvement
measures by the company (Figure 7). Greenhouse gas emission targets aim for a reduction target of -

90 % from 2021.
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Figure 10. Measured (from 2021 to 2025, lines with dots) and predicted (from 2026) environmental
impacts, gate-to-grave (downstream, scope B), resulting from the implementation of improvement
measures by the company (cf. Figure 8). Greenhouse gas emission targets aim for a reduction target
of -90 % from 2021.
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Figure 11. Resource Indices A show the relative improvement of resource efficiency and resource

conservation from a cradle-to-gate perspective. The data trends correspond to the trends in absolute
values shown in Figure 9.
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Figure 12. Resource Indices B show the relative improvement of resource efficiency and resource
conservation from a gate-to-grave perspective. The data trends correspond to the trends in absolute
values shown in Figure 10.

5. Conclusions and Outlook

This paper presents and discusses a method to derive an index - the Resource Index - that
can be used to demonstrate improvements in organisations in terms of resource efficiency and
resource conservation through the implementation of appropriate measures. The method pro-
posed is based on common standards and guidelines of environmental life cycle assessments
(LCA). It is assumed that resource use and conservation can be determined using LCA.

The Resource Index puts the cumulative impact of measures in relation to the organisa-
tion's environmental impact for the entirety of their assessed activities over time. The use of
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the Resource Index was tested with several scenarios. It has been shown that the Resource
Index can reliably indicate the impact of an organisation’s improvement measures over time,
even when changes occur, such as in production volumes or changes in the chosen life cycle
impact assessment (LCIA) methods.

A method for determining the Resource Index has also been proposed, in which the life
cycle is divided into two categories: one for the cradle-to-gate perspective (upstream) and one
for the gate-to-grave perspective (downstream). Accordingly, two Resource Indices are cre-
ated: Resource Index A for cradle-to-gate and Resource Index B for gate-to-grave. This is
necessary to capture the different influences and time periods that characterise the upstream
and downstream processes. A comprehensive, periodic assessment of the impact of measures
to improve resource efficiency and conservation is a key component of the Resource Index
method.

In principle, various LCIA methods can be used to derive the Resource Index, preferably
methods that assess a broad spectrum of impact categories and summarise the results in
aggregated ‘environmental impact points’. However, if results for the Resource Index are to be
compared across different accounting periods over time, the assumptions, framework condi-
tions and chosen LCIA method used must be maintained (consistency).

The use of the Resource Index instead of a set of different key figures simplifies the track-
ing of improvements in resource use over time. In order to evaluate an organisation's progress,
comprehensive and regular data monitoring is required, comparing key figures from the previ-
ous period with the actual results and set targets. In particular, the impact of the measures
must be carefully reviewed in each period.

To complete the assessment of an organisation in terms of resource use, environmental
impact and circular economy, ideally, additional key figures from the areas of operational en-
vironmental management and circular economy should be added. Cost aspects and social
aspects have not been included yet but should be considered.

One hurdle in determining Resource Indices may be an aspect that generally applies to
O-LCA. Data collection and analysis are complex, and data sources are often incomplete or
inaccurate. One possible temporary solution could be to keep the O-LCA pragmatic for deter-
mining the overall environmental impact and to reduce the requirements for accuracy.

In addition to the organisations themselves, potential users of the Resource Index include
funding programme providers (e.g. to demonstrate the effectiveness of measures implemented
by companies), regulatory authorities and other stakeholders. It helps organisations to draw
up action plans, to set targets, to predict the effects of measures and to establish continuous
improvement processes. Results can also be used for internal and external sustainability re-
porting. In the future, the Resource Index developed here could also be used for legislative
purposes.
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