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Abstract

Increasing material efficiency is considered to yield multiple economic and environmental
benefits. This paper firstly introduces a comprehensive cost-benefit framework to
systematically assess the viability of investments in material efficiency. The framework
comprises several components by (i) comparing a business-as-usual scenario with a scenario of
scaling up investments in material efficiency, (ii) covering economic and environmental
dimensions, and (iii) considering direct and indirect effects. In a second step, we match the
framework to existing evidence from the literature, followed by an application of the
framework to a microeconomic investment project financed by a multilateral development
bank. Our results suggest that material efficiency investments can yield positive net benefits,
which typically increase when non-monetary dimensions are additionally taken into account.
Overall, our analysis calls for a more comprehensive approach towards material efficiency
investment appraisals, the internalisation of externalities and further empirical research to
better understand the implications of moving towards material efficient economies.
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1. Introduction

Given increasing volatile material prices, uncertain supply prospects, reindustrialisation
attempts and environmental pressures associated with material use, the concept of material
efficiency has gained increasing significance for researcher, policy makers, firms and investors.
Material efficiency is seen as one possibility to address these issues and deliver multiple
economic and environmental benefits.

The concept of material efficiency is heterogeneously defined across disciplines. From
an economics perspective, (technical) efficiency compares a given input-output combination to
the optimal one (i.e. maximising output for a given input or minimising input for a given
output) (Fried et al. 2008). The optimal combination depends on the theoretical concept of a
production possibility frontier and includes costs. Data on such a frontier is either not available
or complex to estimate. Thus in practice, material productivity is taken as a proxy for material
efficiency (OECD 2001), as the data on productivity is available and increasing productivity
essentially results in getting closer to efficiency (even if efficiency is unknown).

Theoretically, economic agents have an incentive to increase their material efficiency if
the relative prices for materials are higher compared to other inputs. At first sight, material
prices are still above their levels in the in the 1980s and 1990s (IMF 2015) and have become
increasingly volatile (Valiante and Egenhofer 2013), and fiscal reform programmes have tended
to focus on reducing labour costs (Bleischwitz 2010), all providing an incentive to increase
material efficiency. Nevertheless, a substantial material productivity gap prevails across
countries, even after accounting for heterogeneous economic structures (Flachenecker and
Rentschler 2015). This raises the question whether material efficiency investments indeed yield
positive net benefits. Hence, this paper introduces a comprehensive cost-benefit framework to
evaluate the viability of material efficiency investments.

The remainder of the paper is structured as follows: Section 2 introduces the
comprehensive cost-benefit framework. Section 3 matches the framework to empirical
evidence from the existing literature. Section 4 applies the framework to a microeconomic
investment project. Section 5 discusses our results, their underlying assumptions and
implications. Section 6 concludes.

2. Introducing a comprehensive cost-benefit framework

Conventional cost-benefit analyses predominantly consider primary economic (i.e. monetary
effects borne by, for instance, firms) implications of investments. Given the particular nature of
material efficiency investments, it is essential to additionally take environmental (i.e.
externalities), non-market and secondary results into account in order to derive the social costs
and benefits of such investments, which are the sum of economic and environmental impacts.
Once a monetary value is attributed to those costs and benefits without market prices, this
framework allows to calculate the social net benefits of material efficiency investments (OECD
2008). In order to assess social costs and benefits associated with material efficiency, two

scenarios are considered:

(i) In the business-as-usual scenario (BAU) maintaining the current (positive) rate
of investments is assumed. This scenario considers the costs and benefits from
‘inaction’.

(ii) In the scenario of scaling up material efficiency, firms and governments heavily

invest in efficiency improvements.

For both scenarios, primary and secondary effects are considered (Cellini and Kee
2010). Primary effects are closely related to the investments main objectives (i.e. direct
investments). Secondary effects include indirect effects (i.e. second round), multiplier,



spillovers, and co-benefits/co-costs (i.e. by-products). Going forward, this framework’s
scenarios, effects and dimensions are matched to empirical evidence in the existing literature

and applied to an investment project.

Table 1 illustrates the comprehensive cost-benefit framework as well as summarises

costs and benefits, which are found in the literature and discussed in the next section.

Costs and benefits of investments in material efficiency

Benefits Costs
Environmental Economic Environmental Economic
No initial (and follow-up) Environmental pressures Micro costs (e.g. exposure to
T; investments costs (negative externalities) volatility)
7] .
? Lower comp]iance costs oj Reduced human &natum] Macro costs (e.g. impart
§ environmental regu]atian capita] dependemy)
8 Lock-ins
£
g Supp])/—chain externalities
/Q
Reduced environmental Hedging against material Positive re]ationship between Initial investment and
pressures (negative price Vo]ati]it)/ the intensity qfexp]aitation maintenance costs (incl.
= externalities) . and environmental impacts transaction costs)
= Improved micro and macro
o Reduced negative impacts on competitiveness Rebound ejfect Opportunit)/ costs
= .
gﬂ human & natural caplta] Eco-innovation activity
-
_8' Reduced env. and social
© liability (i.e. improved
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Table 1 summarises primary and secondary costs and benefits from material efficiency investments. The framework

distinguishes between two scenarios (business-as-usual and scaling up material efficiency) and two dimensions (environmental

and economic).

3. Matching the framework to the existing literature

3.1. Environmental costs in the BAU scenario

(i)

(i)

Environmental pressures: Materials are referred to as “important intermediaries of

environmental impact” (UNEP IRP 2010). Impacts associated with material use can
therefore be considered a proxy for environmental costs. Such costs arise in each stage
of the life cycle, such as emitting particulates (e.g. dust), erosion from mining, and
leakages of chemicals used in the separation process into the environment (UNEP IRP
2010). These costs can occur both at the local and the global level. In the EU-25, the
manufacturing industry accounts for 27% of all direct emissions of greenhouse gases,
27% of all direct emissions of ground-level ozone precursor gases, and 15% of direct
emissions of acidifying gases (EEA 2013). According to the International Energy
Agency, 77% of the total direct CO, industrial emissions are due to the production of
four materials, namely iron and steel, cement, pulp and paper, and aluminium (IEA
2010). Environmental impacts are often related to negative externalities arising from
any forms of waste. For instance, the greenhouse gas methane is emitted from landfills
and thus not only negatively impacts the environment locally, but also globally by
contributing to climate change (IPCC 2007).

Secondary costs on human and environmental capital: Environmental costs of using

materials inefficiently can also negatively impact economic activity directly and



indirectly (UNEP 2014), such as negative impacts on human health reducing labour
productivity.

Furthermore, it is crucial to take the concept of irreversibility of environmental
functions into account (infinitely high cost). Once the environment is harmed beyond a certain
threshold, it is unlikely to recover its functions, which calls for the precautionary principle (i.e.
safe minimum standard) (Bishop 1978).

3.2. Environmental benefits in the BAU scenario

There are no apparent environmental benefits in the BAU scenario.

3.3. Environmental costs from investments in material efficiency

Increasing material efficiency could theoretically increase environmental pressures, at least
relative to output. For instance, assuming a positive relationship between the intensity of
exploitation and environmental pressures (e.g. a grinder could in theory use more energy at its
capacity limit relative to its output compared to its energy use per output below this limit)
ultimately outweighing the productivity gains. However, there is little evidence suggesting such
a non-linear relationship in practice.

Moreover, a potential rebound effect could counterbalance efficiency gains. Generally,
the literature distinguishes between two possible outcomes: (i) partially offsetting efficiency
gains by increasing consumption (i.e. reducing benefits) and (ii) outweighing such gains
altogether (backfire or Jevons’ Paradox) (Sorrell 2007). Only (ii) entails costs from an
environmental perspective. There has been a lack of attention to the rebound effect of materials
compared to energy, because it is thought to be of lower relevance. The consumption of
construction minerals (Bahn-Walkowiak et al. 2012) and biomass (Steinberger et al. 2010),
both accounting for 69% of global extraction, is considered to be inelastic and thus the risk of a
rebound effect is relatively low. A more recent and sophisticated attempt to quantify the
macroeconomic rebound effects of materials suggests that the effects are mostly within single
digit percentages (Pfaff and Sartorius 2015).

3.4. Environmental benefits from investments in material efficiency

In the absence of a ‘backfiring’ rebound effect and ceteris paribus, ex post increasing material
efficiency results in a relatively lower use of materials. On average, a lower use of materials
implies relatively fewer negative impacts on the environment, both locally and globally (Barrett
and Scott 2012). Realising numerous material savings opportunities (in terms of
environmentally weighted material consumption) of three sectors in the EU-27 (food and drink
manufacturing, fabricated metal products, and hospitality and food services) could reduce 2-4%
of total annual EU-wide GHG emissions (AMEC and Bio IS 2013). For the UK, a variety of
efficiency improvements could reduce up to 13% of its total annual GHG emissions (Oakdene
Hollins 2011).

Especially through recycling, the environmentally harmful first stages of the materials’
life cycles (i.e. extraction, production) can be substituted by using secondary material
(Ignatenko et al. 2008; Allwood et al. 2010). This entails lower direct (i.e. less primary
production and less waste) and indirect (i.e. lower energy use) negative externalities. For
example, secondary production reduces energy use by 55% for lead and 98% for palladium
(UNEP IRP 2013, p.93). Metals are particularly promising when it comes to recycling, as their
recyclability is (theoretically) indefinitely possible (Graedel et al. 2011).



3.5. Economic costs in the BAU scenario

(i) Microeconomic perspective: Material price volatility is an important cause of
investment uncertainty (Chatham House 2012) and can take effect, both ex ante and
ex post of investing. Ex ante, such uncertainty results in a premium, which firms
have to account for in form of higher discount rates and hedging costs (e.g. long-
term contracts, capacity building to be engaged in financial markets, or direct
ownership of suppliers). Ex post, price fluctuations can impose costs (or benefits)
once the outcome deviates from the expected returns (Pindyck 1991). If volatile
prices are not hedged, production costs become volatile as well, which in a worst-

case scenario can lead to insolvency.

(ii) Macroeconomic perspective: If a country is a net material importer, not increasing
efficiency and thus not reducing material imports (e.g. by substituting material
imports with domestically sourced secondary raw materials) implies that the
dependency on material imports is not mitigated to the extent possible. Persisting
dependency can impose significant costs once negative impacts generated by
volatile prices unfold (e.g. investment uncertainty, fluctuating subsidy costs) (IMF
2013). Additionally, relying on material imports could result in costs once material
trade becomes disrupted by political conflicts. An insecure access to affordable
materials might (at least in the short term) become an obstacle to economic growth
(Meadows et al. 1972).

(iii) Lock-ins: Lock-ins can cause inefficiencies, and vice versa. Lock-ins describe a
situation in which a technology prevails due to economies of scale, network and
learning effects even if it is sub-optimal or inefficient (Arthur 1989). For instance,
if steel producers have substantially invested into inefficient technology previously,
they may be unable to invest into more modern efficient technology due to
financial constraints —i.e. they are locked in (Allwood et al. 2011). There are also
behavioural and organisational lock-ins (Barnes et al. 2004). Such lock-ins can
cause economic costs and also barriers for investments in more efficient
technologies (EC 2011a; EC 2011b).

(iv) Supply chain externalities: There are supply-chain externalities from material

inefficiency if for instance the design of a product of one firm influences the
recyclability of that material by another firm downstream. Multi-layer packaging
cannot always be recycled mechanically and producing multi-coloured glass bottles
results in increasing recovery costs (Nicolli et al. 2012). The problem is that
recycling firms often struggle to provide economic incentives for upstream firms to
increase the recyclability of products (Calcott and Walls 2005). Therefore, firm-
level interactions across supply-chains are crucial in improving material efficiency

(Schliephake et al. 2009).

3.6. Economic benefits in the BAU scenario

Firms can avoid potentially high up-front costs of investing in material efficiency. However, not
all efficiency improvements require financial capital, but changing practises, behaviour and
organisational structures. Not investing financial capital in efficiency improvements unlocks
capital to be invested in potentially more profitable and less uncertain alternatives (Bruyn et al.
2009).

Changing the status quo through expanding monitoring, reporting and compliance with
environmental standards will most likely increase costs, which can be avoided in a BAU

scenario.



3.7. Economic costs from investments in material efficiency

(i) Initial investment costs: Material efficiency investments typically generate annual
income streams (i.e. material savings, higher quality products), but the initial
investment might be substantial, disincentivising the investment taking place
(AMEC and Bio IS 2013). While the up-front costs are mostly known, the returns
may be uncertain and distant in time, especially if material prices are volatile
(Ebrahim et al. 2014). If firms are risk averse, they are less likely to invest as they
give a relatively lower probability to the expected net present value (NPV) or
increase the discount rate (Perman et al. 2011). Investing in material efficiency also
triggers operation, maintenance and more generally transaction costs. Such costs
can take the form of capacity building (e.g. training) and financing the investment
(i.e. searching costs).

(ii) Opportunity costs: Firms only have an incentive to invest in material efficiency if

no other feasible alternative offers a higher benefit. One alternative could be
substituting materials with other inputs, but this might not always be possible (e.g.
rare earth metals). Where substitution is possible, increasing labour productivity
for instance might be more beneficial (Bruyn et al. 2009). In the past, productivity
has increased by 140% for labour and by 90% for materials in the EU-15 between
1970-2007, which could suggest that conventional tax regimes have made labour
relatively more expensive and thus incentivised investments in labour over material
(Bleischwitz 2012). Bleischwitz (2012) also points to structural changes towards
service economies and shifts in imports as possible explanations.

3.8. Economic benefits from investments in material efficiency

(i) Reducing uncertainty: This is particularly relevant for material importing

economies and material purchasing firms, as increasing efficiency ceteris paribus
results in fewer purchases. Lowering material imports through efficiency gains by
increasing domestically sourced secondary raw materials would decreases
dependency, increase the bargaining power (ECSIP Consortium 2013) and
improve the balance of trade (Schmidt and Schneider 2010). Moreover, price
fluctuations would have a relatively lower (negative) effect on the economy and
firms — one form of hedging against price volatility (Ebrahim et al. 2014).

(i) Improving competitiveness: At the macroeconomic level, increased material
efficiency may strengthen competitiveness, by generally stabilising the
macroeconomic environment. For instance, Distelkamp et al. (2010) model
various effects of doubling material efficiency in the German economy by 2030.
They show positive effects for GDP (+14%) and employment (+1.9%), and a
reduction of material consumption (TMR' ~20%) and the public debt (~11%).
Such effects are the upper threshold and can therefore be interpreted as the
maximum potential for efficiency gains. An EU-wide study shows similar positive
macroeconomic impacts of resource efficiency improvements until 2030 such as a
reduction of resource use by 17-25% (compared to a baseline scenario), increase in
real GDP between 2 and 3.3% and real labour income combined with a creation of
up to 2.6 million jobs (Meyer 2011).”

" Total Material Requirements (TMR) is a material indicator that includes all unused materials and indirect
material flows across the supply-chain. For an overview of material indicators, refer to Bringezu (2013).

?The evidence provided does not necessarily imply an increase in competitiveness since this also depends on the
response from competitors. However, a favourable macroeconomic environment could be considered as a proxy
for competitiveness. Evidence on a direct impact of resource efficiency on competitiveness is inconclusive
(Flachenecker 2015).



At the firm level, surveys of EU-SMEs reveal a generally positive attitude
towards efficiency improvements. Competitiveness gains for firms could result
from lowering negative impacts of material price volatility, lowering production
costs, increasing innovative activity, and an increased corporate image
(Flachenecker 2015). A report considers the benefits from efficiency measures by
EU-27 firms across four sectors (AMEC and Bio IS 2013). They suggest that the
average net benefit (after subtracting the investments costs) for firms is between
10% and 17% of annual turnover. This accounts for €27,500 — €424,000 reflecting
heterogeneous firm sectors and sizes. Figure 1 provides evidence for EU-SMEs for
increased competitiveness through reducing their production costs once a resource
efficiency investment has been taken. Such investments for about two-thirds of
SMEs in the EU-28 are equal or lower than 5% of their annual turnover (EC
2013).

signifcantly decreased production costs

E=——— A slightly decreased production costs

= lino impact on production costs

7

72do no know the impact

= slightly increased production costs

Figure 1 shows the impact of investments in resource efficiency on production costs of 10,511 SMEs in the

A significantly increased production costs

EU-28, which took at least one resource efficiency action. The question asked: “What impact have the
undertaken resource efficiency actions had on the production costs over the past two years?”. Source: (EC

2013).

Reducing production costs for firms is particularly important when it
comes to materials, since materials constitute a relatively high share of total costs.
Material costs in purchasing costs as percentage of gross production value account
for 45.3% for the German manufacturing industry (KfW 2009; Statistisches
Bundesamt 2011). For the automobile and machinery sector, materials account for
more than 50%. On EU-level, material costs account for similar levels based on
surveys (EC 2011c). For more than half of the EU-27 companies, material costs
make up more than 30% of their overall expenses. Surveys may not coherently
account for material costs across all countries and sectors, as they could reflect
subjective definitions of materials. The reported materials costs include the cost of
the raw materials as well as upstream labour, transportation and storage costs
(Wilting and Hanemaaijer 2014).

Additional evidence suggests payback periods for material efficiency
measures of less than six months. Average savings have been estimated in the order
7-8% of material costs for German SMEs in the manufacturing sector (Fh-ISI et al.
2005; Schroter et al. 2011). Most of such cost saving potentials do not pertain to
direct material purchasing costs, but rather to hidden costs (i.e. disposal,
transportation, production, energy, etc.) (Schmidt and Schneider 2010). For the
UK it was estimated that resource efficiency improvements can enable firms to
realise cost savings amounting to GBP 23 billion in 2009 (GBP 18 billion for waste
prevention) with pay-back periods of less than 12 months (Oakdene Hollins 2011;
OECD 2011).



(iii) Increased innovation: Positive macroeconomic effects of material efficiency

innovations on growth, employment and competitiveness are particularly
pronounced if first-mover advantages can be established (Walz 2011). Early
adopters enjoy an additional cost advantage over their competitors until the
innovation is being diffused throughout the market. These profits can trigger
further investments, thereby potentially generating additional spillover effects and
initiating a virtuous circle, which has been demonstrated in economic models e.g.
for the EU and Germany (Meyer 2011).

(iv) Reducing liability: As environmental concerns gain increasing importance, it is

likely that environmental regulation will become stricter in the future. Surveys
suggest that firms anticipate future changes in environmental regulation (12% in
the EU-27, 27% in the UK, 16% in Turkey, and 20% in Russia) (EC 2012).
Introducing measures against increasing environmental pressures before they
become mandatory could constitute a first-mover advantage, thus reducing
environmental liability. A significant number of firms voluntarily go beyond
environmental regulation (11% in the EU-28, 13% in Germany, 9% in Russia,
16% in Turkey) (EC 2013), which could improve the firms’ corporate image.

4. Applying the framework to a microeconomic investment project

The framework is now applied to a microeconomic investment project financed by a
multilateral development bank (Table 2).’ The investment project comprises a range of energy
and material efficiency measures regarding the production of polyvinyl chloride (PVC) plastics.
Not all individual components of the framework can be matched to the investment
project, because of its nature and more importantly lacking information. The environmental
implications of the investment project are measured in GHG emissions and therefore non-GHG
related environmental pressures are not accounted for, in particular local pollution.
Furthermore, it is assumed that all material efficiency measures are fully implemented and yield
their expected results in the first year after the investment took place. A discount rate of zero is
assumed to avoid any mismatch between economic and environmental impacts.4 Wherever

possible, methods on how to estimate any remaining gaps are proposed.

* The investment project is presented anonymously to comply with confidentiality agreements.

* Future costs and benefits are typically discounted by using a discount factor §. For economic costs and benefits,
an interest rate in the economy is often taken to represent § which (in normal economic circumstances) is a positive
rate (§ > 0). However, the level of the interest rate is highly debated (e.g. Arrow et al. 1996). For environmental
costs and benefits, no universally agreed discount factor exists which is due to the high degree of uncertainty
involved in estimating future impacts of GHG emissions (Pindyck 2007). Some apply a range of positive discount
rates which illustrates this uncertainty (e.g. U.S. Government 2013). Given the lack of reliable estimates to
discount environmental costs and benefits, we chose not to apply any discount rate in order to avoid any mismatch
between economic and environmental impacts. Applying discount rates, our results would only change in terms of
their level but not in terms of their trend (unless the economic discount rate exceeds the environmental one in our
case study by a factor of 583). This means that the year in which the investment yields a positive accumulated net

benefit might change, but the overall conclusions drawn from our results are likely to remain valid.



Costs and benefits of a material efficiency investment project

Benefits Costs
Environmental Economic Environmental Economic
9.3 million € one-off 3.7 million € per year - no information on costs of
590,000 € per year - includes GHG emissions material price vo]ati]it)/,
N d ial lock-ins or supp])/—chain
. s rom energy and material use
3 includes investment, j s
externalities
§ operation and maintenance - excludes local po]]ution,
ﬁ costs, and cost OfISO 50001 price ofother GHGs besides
CO,, and health impacts
314,000 € per year 2.42 million € per year 0€ 9.3 million € one-off
- includes GHG emissions - includes energy savings and 590,000 € per year
reductionfr\om energy and material rec)/c]ing - includes investment,
o . s .
8 material gﬁlclenc] reduction - excludes eco-innovations, operation and maintenance
:" - excludes local po]]ution, bengﬁtsfmm reduced exposure costs, and cost OfISO 50001
L price ofother GHGs besides to material price Vo]ati]it)/, B exc]uding opportunity costs
CO,, and health impacts reputationa] bengﬁtx, reduced
liability

Table 2 applies the framework to a microeconomic investment project. The framework distinguishes between two scenarios
(ex ante and ex post the investment) and two dimensions (environmental and economic). A price of 24€ per tonne of CO,
emissions is assumed, not considering the damages caused by other GHGs.

(i) Environmental costs in the BAU scenario: Ex ante to the investment project, the

company consumed approximately 35,000 MWh electricity per year and
produced 45,000 tonnes of PVC plastics annually. The GHG emission factors in
the firm’s country of operation is 0.472 tonnes of CO, equivalent (tCO,e) per
MWh of electricity and 3.1 tCO,e per tonne of PVC plastics, which covers the
entire life-cycle of PVC plastics (Hammond and Jones 2008). Thus, the firm’s
GHG emissions are estimated to be 156,000 tCO,e per year.5 Monetising the
firm’s GHG emissions would require a carbon price, for which estimates range
between $10-200 per tonne of CO, (Pindyck 2013). Following Clements et al.
(2013), we assume damages from global warming of $25 (around 24€) per tonne
of CO, emission, a conservative figure which neglects other GHGs. This results in
environmental costs in the BAU scenario of 3.7 million € per year.

There is no information on potential negative impacts on human health
and thus labour productivity for this particular case study. ¥
in the BAU There
environmental benefits in the BAU scenario.

(if) Environmental benefits scenario: are no apparent

(iii) Environmental costs from investments in material efficiency: There is no

indication for a more than proportional relationship between the efficiency
measures and environmental impacts, thus no environmental costs arise.

There is also no information on a potential rebound effect. The efficiency
improvements would only imply an environmental cost if they ‘backfire’. Since

* The actual GHG emissions are likely to be slightly lower since the embodied GHG emission for PVC plastics
already include the electricity consumed during the production process. However, the GHG emission factor for
PVC plastics is a ‘conservative’ figure since it calculated assuming a best available technology benchmark.
Additionally, the figure excludes any environmental pressures that occur at the local level (e.g. local air and water
pollution) due to the lack of adequate information.

® However, this does not mean that there are no health impacts. For an overview of general environmental and
health impacts of PVC, refer to (EC 2004).



(iv)

)

(vi)

(vii)

consumption decreases in absolute terms, a ‘backfiring’ rebound effect can be
excluded, thus the environmental costs are O€. However, this is likely to change
once the firm decides to expand its production as a result of the efficiency gains.

Environmental benefits from investments in material efficiency: Implementing all

efficiency measures are estimated to save 13,068 tCO,e per year. This is achieved
by reducing electricity consumption, substituting electricity supplied by the
national grid with own and more efficient electricity production using natural gas,
and recycling 800 tonnes PVC plastics per year replacing virgin materials.
Applying a carbon price of 24€ per tonne of CO, emissions, we estimate the
environmental benefits (i.e. reduced emissions compared to the ex ante emissions)
to be 314,000€ per year. Such benefits do not comprise environmental benefits at
the local level since this information was not collected for the investment project.
Since there is no information on potential negative impacts on human
health and thus labour productivity for this particular case study, no benefits from
reducing such impacts can be calculated.
Economic costs in the BAU scenario: Prices for electricity and PVC raw materials

are volatile, which might impose costs on the firm. With the available
information, it is not possible to estimate these costs. One method of filling this
gap would be to estimate the firm’s willingness to pay in order to have price
stability (e.g. Epaulard and Pommeret 2003). Using this methodology would
reveal a firm-specific (and subjective) monetary value (OECD 2008).

There is no indication that the firm is subject to lock-ins or supply-chain
externalities.
Economic benefits in the BAU scenario: The investment costs for the firm’s

efficiency measures amount to a one-off cost of 9 million € and continuous
(operation and maintenance) costs of 590,000€ per year.

The firm has already implemented standards for quality (ISO 9001) and
environmental management (ISO 14001), and as part of the investment project
plans to implement the standard for energy management (ISO 50001), which is
estimated to cost 300,000€ (excluding benefits) (Therkelsen et al. 2013). Thus,
the economic benefits amount to 9.3 million € and 590,000€ per year, assuming
the loan would have been granted to the firm regardless of how it would spend
the money.

Economic costs from investments in material efficiency: The costs for the firm’s

efficiency measures sum up to a one-off cost of 9.3 million € and yearly costs of
590,000¢€.

Once invested, the firm cannot invest in alternative proposals, assuming
that the loan would also be granted for alternative investment appraisals. If the
firm is a rational actor, there is no alternative investment yielding higher returns.
Since there is no information on potential alternative investment opportunities,

the opportunity costs for this project cannot be calculated.

(viil) Economic benefits from investments in material efficiency: The economic benefits

sum up to 2.42 million € per year. 1.8 million € per year are energy efficiency
measure and 620,000€ per year stem from recycling PVC plastics by reducing the
purchasing costs of primary raw materials.

The investment project does not directly incentivise eco-innovations.
However, re-investing the efficiency gains could fund eco-innovation activity.
Since the firm reduces its consumption, negative effects from prices volatility are
reduced. Monetising this benefit cannot be done with the information available,
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but the method of estimating the firm’s willingness to pay described above could
be a starting point for approximating it (e.g. Epaulard and Pommeret 2003).

The firm’s corporate image is likely to improve, especially if customers
value the firm’s compliance with environmental and managerial standards.
Monetising the benefits requires customer surveys to estimate the value
customers put on such standards. Estimating reduced environmental and social
liability would require an estimate of the probability of damages caused by not
increasing efficiency. This estimate can then be multiplied with the compensation
to be paid in case of becoming liable to damages, which would calculate the
expected benefit of reducing liability by increasing efficiency.

5. Do material efficiency investments deliver net benefits?

In the previous section, we applied the cost-benefit framework to a microeconomic investment
project. Our results from this case study suggest that there are positive net benefits from
investing in material efficiency. Already monetised (i.e. economic) net benefits are achievable
after five years. By attributing a monetary value to costs and benefits without market prices,
social, i.e. the sum of economic and environmental, net benefits can be reached one year earlier
(Table 3). Despite positive economic net benefits of ‘inaction” (which assume that the loan
would have been granted to the firm regardless of the investment project), there are social net
costs associated with ‘inaction’ after two years. These results demonstrate the nature of
material efficiency investments, which require a more comprehensive approach by internalising
negative externalities and also considering the cost of ‘inaction’.

in 1,000 € t, t, t, t, t, t;
economic net benefits of inaction 9,890 10,480 11,070 11,660 12,250 12,840
env. net benefits of inaction -3,700 -7,400 -11,100 -14,800 -18,500 -22,200
social net benefits of inaction 6,190 3,080 -30 -3,140  -6,250  -9,360
economic net benefits of investment -7,470  -5,640 -3,810 -1,980 -150 1,680
env. net benefits of investment 314 628 942 1,256 1,570 1,884
social net benefits of investment -7,156  -5,012 -2,868 -724 1,420 3,564

Table 3 shows the accumulated economic, environmental and social (i.e. the sum of economic and environmental) net benefits
in 1,000€ in the years after the investment took place (t,).

Nevertheless, there are remaining gaps in applying all components of the cost-benefit
framework, which often suffers from a lack of information or methods to monetise some costs
and benefits. In this regard, an increasing number of initiatives have been introduced, linking
businesses to natural capital and developing methods to internalise externalities (WBCSD 2010;
KPMG 2014; Natural Capital Coalition 2015).” Additionally, our results are based on several
assumptions such as the prices of carbon, electricity, PVC plastics and natural gas, the
successful implementation of all efficiency measures, exchange rates, and the GHG emission
factors (among others). Generally, whether an investment in material efficiency provides net
benefits depends on the expectations about future price levels and volatility, diffusion of
technology, future (environmental) regulation, discount rates and the response by competitors
(AMEC and Bio IS 2013). Expectations are particularly relevant in the context of material price
volatility since volatility both incentivises and disincentivises investments. On the one hand,
volatile prices can make the expected payoffs of material efficiency investments uncertain

"We would like to thank an anonymous reviewer for pointing out these initiatives.
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(Pindyck 1991). On the other hand, increasing material efficiency can reduce the exposure to
the negative impacts of volatile prices, i.e. one way of hedging against volatile prices (Ebrahim
et al. 2014). A sensitivity analysis based on all these assumptions, however, goes beyond the
scope of this analysis.

Given the apparent benefits from material efficiency investments for our case study,
the question arises why such (net) benefits may not always materialise in practice. Besides
general risks and uncertainties, investment barriers and market inefficiencies could prevent
material efficiency investments or reduce anticipated benefits. Such barriers include
information constraints, capacity constraints, financial constraints (i.e. access to finance),
uncompetitive market structures, fiscal mismanagement (e.g. subsidies) and general systemic
risks and uncertainty (Jordan et al. 2014; Flachenecker and Rentschler 2015).

Overall, our analysis calls for a comprehensive approach to material efficiency
investments, taking environmental impacts into account. In order to make the social benefits of
material efficiency investments visible, externalities need to be internalised, the cost of
‘inaction’ needs to be accounted for and robust methods are required to attribute a monetary
value to those costs and benefits without market prices. Lastly, more empirical research is
necessary to better understand the implications of increasing material efficiency on the

environment as well as the economy, in particular on competitiveness.

6. Conclusions

This paper introduces a comprehensive cost-benefit framework to assess the viability of
investments in material efficiency. The framework goes beyond conventional cost-benefit
analyses by considering primary and secondary effects, two scenarios (business-as-usual and
scaling up material efficiency) and two dimensions (environmental and economic). The
framework is matched to evidence from the existing literature and applied to a microeconomic
investment project financed by a multilateral development bank (MDB). Applying the cost-
benefit framework suggests that material efficiency investments can yield positive net benefits,
which further increase when non-monetary dimensions are additionally taken into account. As
such, this framework can be used by firms, MDBs and policy makers to assess the viability of
individual material efficiency investments as well as identify the scope for policy intervention in
achieving higher net benefits from a societal perspective.

This paper calls for a more comprehensive approach towards material efficiency
investment appraisals, which go beyond purely commercial consideration by including negative
externalities and the cost of ‘inaction’. Robust methods are required to adequately monetise
costs and benefits without market prices. Lastly, the literature on material efficiency
investments provides important insights, but further research is necessary to increase our
understanding of the implications of moving towards material efficient economies.
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