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¢ Product designs for the future

. will need a high value:

costs ratio and need to incorpo-

. rate high levels of eco-efficiency.

Therefore, a new model has been

. developed to assess the sustain-

 ability of products, the ‘EVR

i model’. This model comprises

two concepts:

i« ‘virtual eco-costs’ which is a

engineer, now working as a profes-
sor at Delft University of Technol-

+ EVR (eco-costs : value ratio),
Geosciences. He is a specialist in
material science, sustainable and

durable materials and constructions
and is director of the research pro-

. In this article, the advantage of

combining analyses of eco-costs

: and value is considered, and it is

shown how the EVR model can

i support decision making proc-

esses. The following subjects are

. analysed:

- the optimisation of a product in
Engineering, and leads the Design :

for Sustainability Programme. He is
also research director of Kathalys. :

LCA-based single indicator for
environmental impact;

an indicator which shows the
de-linking of economy (value)
and ecology (eco-costs) of a
product or a service.

the design stage through use of
the EVR model (the ‘EV Wheel’)
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+ optimisation strategies for the
production and distribution
chain of a product (Case: a TV)

« the strategic dilemmas relating

to marketing of products with

low environmental impact

(Case: a ‘low energy TV’)

an investment policy which

lowers the environmental im-

pact of systems, analysed by

use of the ‘eco-payout time’

the EVR model applied to con-

sumer spending: the lifestyle of

consumers, and the so called

‘rebound effect’

At the end of this article the con-

sequences are summarised for

product development and market-
ing strategies.

Introduction: value, costs,
and eco-costs

In the transition towards a

sustainable society there is a
need for products with a low
environmental burden (lower
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Figure 1: The costs, the eco-costs and the value of a product: the basis of

the EVR model (Q = Quality)

emissions and lower use of
energy and materials). But we
need a strong economy as
well, to support this transition.
Such a need for “a new era of
economic growth” is described
in the preface of “Our Com-
mon Future” (Brundtland et
al., 1987), see Note 1. For
industry it means that products
must create ‘value’ for cus-
tomers, whilst producing a
low environmental burden.
This has been defined as eco-
efficiency by the WBCSD (sce
Annex |, Figure 13). The
value aspects of sustainability,
and the consequences for de-
sign and marketing. have been
forgotten so far by many envi-
ronmentalists (Note 2). Hence
the quest for a new approach.

At the Delft University of
Technology, a model has been
developed (o assess the so
called ‘eco-efficiency’ of prod-
ucts and services. In this
model the ecological burden is
monetarised and expressed in
one single indicator, the so-
called ‘virtual eco-costs” (Note
3). The product life cycles are
analysed for three main as-
pects: the eco-costs, the (eco-
nomic) costs, and value. The
key indicator for sustainability
in the model is the ‘ecco-costs :

value ratio’ — the EVR
(Vogtldnder et al., 2001a). The
basis of the EVR is depicted
in Figure 1. The background
of the model is summarized in
Annex 1.

In its broadest sense, the EVR
1s an indicator which describes
the level of de-linking of the
economic value and the eco-
costs of a product. A high
level of prosperity can only be
combined with a low level of
pollution and material deple-
tion, when products (and serv-
ices) are used with a low
EVR, since such products
combine a high value with a
low level of burden for our
carth.

In terms of EVR, the 3 stake-
holders of a sustainable soci-
ely each have their specific
roles:

- industry must develop prod-
ucts and services with a low
EVR

- consumers/citizens should
have a life style with prefer-
ences for products and serv-
ices with a low EVR (e.g.
they should spend their
money on other activities
than travelling by air)

- governments should encour-
age products, procecsses and
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lifestyles with a low EVR
(c.g. labour intensive activi-
ties) and should restrict
products, processes and life
styles that have a high EVR
(e.g. encrgy intensive activi-
ties, activities with high
toxic emissions).

But what does it mean for the
decisions the stakeholders
have to make? How do they
know they have made the
right choice in terms of sus-
tainability?

The EV Wheel for product
design

In the United Nations Publica-
tion Paper “Ecodesign — A
promising approach to sis-
tainable production and con-
sumption”, (Brezet, Van
Hemel, 1997), the LiDS wheel
(LiDS stands for Life cycle
Design Strategy) is proposed
as a tool to define the design
strategy for sustainable prod-
ucts. This LiDS wheel is a
qualitative tool, and at the
Delft University of Technol-
ogy many attempts have been
made to make it quantitative.
The EVR model provides the
opportunity to do so. The con-
cept of the wheel has been
adapted to incorporate the
main aspects of the value
(product quality, service qual-
ity, and ‘image & design’) of
a Product Service System
(PSS). A new name has been
chosen: the Eco-costs & Value
Wheel, in short the EV
Wheel.

The EV Wheel is depicted in
Figure 2 and will be cxplained
later.
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Figure 2: The Eco-costs & Value Wheel (EV Wheel). The value and eco-
costs are given for a 28" television (tentative) in Euro: 400 Euro at the outer

ring and O Euro at the centre (Q = Quality)

The EV Wheel is meant to
provide a quantitative over-
view of the eco-efficiency of a
product, a service or a combi-
nation of both (a PSS).

The value side of the EV
Wheel is based on the three
main elements of value (prod-
uct quality, service quality,
and ‘image & design’). These
main elements can be derived
from the ‘8 dimensions of
quality’ of Garvin (Garvin,
1988):

l.

Performance or the primary
operating characteristics of
a product or service.
Example: for a car: it is
speed and acceleration; for
a restaurant: it is good
food.

. Features or the secondary

characteristics of a product
or service.

Example: for a restaurant:
it is linen tablecloths and
napkins.

. Conformance or the match

with specifications or pre-
established standards.
Example: for a component:
it is whether this compo-
nent is the right size; for a

restaurant: it is whether the
meat is cooked according
to your request {e.g. ‘me-
dium, rare’).

. Durability or product life.

Example: for a light bulb:
it is how long it works be-
fore the filament burns out.

. Reliability or the frequency

with which a product or
service fails.

Example: for a car: it is
how often it needs repair;
for an airline: it is how
often flights depart on
schedule.

. Serviceability or the speed,

courtesy and competence
of repair.

Example. for a car: it is
how quickly and easily it
can be repaired; for a mail
order house: it is the speed
and the courtesy with
which an overcharge is
corrected.

. Appearance / aesthetics or

fits and finishes.
Example: for a product or
service: it is its look, feel,
sound, taste or smell.

. Image or reputation.

Example: for a product or
service: it 1s the positive or

negative feelings people
attach to any new products,
based on their past experi-
ences with the company.

For the purpose of the EV
Wheel, we group the 8 dimen-
sions as follows in 3 aspects
of value:

1.

the ‘product quality’ in-
cluding 4 ‘core quality’
dimensions: 1. Perform-
ance;

3. Conformance; 4. Dura-
bility; 5. Reliability;

ii. the ‘service quality’ in-

iil.

cluding 3 ‘extra’ dimen-
sions: 2. Features; 6. Serv-
iceability;

the ‘image & design’ in-
cluding: 7. Aesthetics and
8. Image.

For a distinct group of cus-
tomers, these 3 aspects of
value can be determined in
terms of money (a ‘fair pricc’,
see Annex 3), where

N

] (total value) = (“fair price’

of the ‘product quality’)

+

(‘fair price’ of the ‘service

quality”)

+

(“fair price’ of the ‘image’)

The value side of Figure 2
depicts the ‘fair price’ for
each aspect in Euro. The sum
of the three fair prices in the
EV Wheel equals the total
value of the PSS for the total
life cycle.

The three main options to en-
hance product value are:
- enhance the functionality of

a product during the use
phase

- extend the use phase
- change the design to give

the product a positive (or
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Cumu-
Compo- | Added Production and | Added lative Added Cumulative
nents of a | Eco-costs distribution of | AValue |Value |A Eco-costs |Eco-costs |EVR
28" TV (Euro) al28" TV (Euro) | (Euro) (Euro) (Euro)
CRT 35,30 | | Components 200 200 106 106 0,53
speakers 10,20 2 | Assembly 150  |350 33 | 139 0,22
enclosure 11,80 3 | Distribution 50 400 36 175 0,72
chassis 44,30 4 | Advertising, etc 50 450 10 185 0,20
packaging 3,40 5 | Retail 225 1675 23 208 0,10
TOTAL 106,00 TOTAL 675 | 208 031

Figure 3: Eco-costs of Components
28" TV

less negative) value at the
‘end of life’.

The eco-costs side of Figure 2
depicts the eco-costs (in Euro)
of the PSS for the five aspects
of the total Life Cycle:

- materials

- production

- distribution

- use

- end of life

The EV Wheel is basically a
communication tool: it shows
in onc picture the advantages
(and disadvantages) of a spe-
cific design in comparison
with other designs. The upper
part of the wheel shows if,
and in which aspects, a PSS is
attractive to customers. The
lower part shows if, and in
which aspects, the product has
a low ccological burden. A
sustainable product combines
a big shaded area in the upper
part and a small shaded area
in the tower part.

The wheel makes it clear
where (o focus so as to im-
prove the design.

The EVR of a total PSS is the
sum of the eco-costs of the

five aspects (the lower part of
the wheel) divided by the sum

Figure 4: Eco-costs of the production and distribution chain of a 28" TV (ten-

tative).

Note: excludes the use phase and the ‘end of life’ phase

of the fair prices (the upper
part of the wheel).

Design strategies in the
business chain of a product:
the case of a TV

How to optimise a production
and distribution chain through
the use of the EVR model,
can be explained by use of a
simple example of a ‘stand-
ard” television with a 28" CRT
(data is given for a typical
configuration, slightly rounded
off, for confidentiality rca-
sons). See the tables in Figure
3 and 4.

The table in Figure 4 shows

that:

- the eco-costs of the compo-
nents are approximately
equal to the eco-cosls
caused by the assembly, dis-
tribution, advertising and
retail of the television set.
Note that the cco-costs for
‘use phase’ and ‘end of life’
will be dealt with later in
the ‘low energy’ TV case,
Figure 6.

- the EVR gets lower towards
the end of the production
and distribution chain. This
is becausc of the higher la-
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bour content of service and
image, which is added to the
product at the end of the
production and distribution
chain.

Figure 5 depicts the develop-
ment of the value and the eco-
costs in the production and
distribution chain. From Fig-
ure 5 it is clear that the distri-
bution step requires extra at-
tention from the
environmental point of view:
the increase of the costs
(value) is low, but the increase
of the eco-costs is relatively
high.

The two dimensional approach
of the eco-costs : valuc ratio
seems to be crucial in calcu-
lating as well as understanding
the elements of the eco-effi-
ciency of a product, a service
or a PSS. It reveals the funda-
mental differences between
environmental strategics in
cach step of the chain:

- making production processcs
‘cleaner’(lowering the eco-
costs at often a consrant cost
level)

- environmental material se-
lection (lowering the eco-
costs at often a higher cost
level)
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Figure 5: The value and the eco-costs cumulative along the production and

distribution chain

‘savings’ in e.g. transport
(lowering both costs and
eco-costs)

- improvement of the per-
ceived value (enhancing the
value without adding consid-
erable extra eco-costs)

Only a good understanding of
value, costs and eco-costs
along the total chain can lead
to the required improvements
in design (Design for Sustain-
ability). It is important here to
mention that the EVR method
also accommodates a system
for quick estimates of the eco-
costs (instead of a laborious
full LCA), applying tables of
cco-cost per Kilogram for ma-
terials and eco-costs per Joule
for energy sources (Vogtlinder
et at., 2001a).

With regard to the strategic
level of product portfolio
management, it is essential to
understand the chain (Note 4)
in order 10 manoeuvre a cor-
poration into a position which
is suitable for a sustainable
future.

A'low EVR indicates that the
product is fit for use in a fu-
ture sustainable society. A

high EVR indicates that the
value : costs ratio of a product
might become less than 1 in
future (since stricter govern-
mental regulations on the en-
vironment will result in the
virtual eco-costs becoming
part of the ‘internal’ cost-
structure), so there is no mar-
ket for such a product.

Since the success of a PSS in
the market depends whether or
not consumers will buy the
product, it is important that
consumers can understand the
concept of eco-costs. The per-
ceived value is what they feel
and think about the product,
the cost is what they pay for
it, but the concept of cco-costs
is new for them. This means
that companies face a new
challenge in the marketing of
eCo-costs.

Dilemmas on strategies for
marketing and pricing. Case:
a ‘low energy’ television

In the previous chapters, the
first steps in the chain have
been analysed only. In this

chapter we will analyse the

total chain, especially the as-
pects of the *Use phase’ of a
product.

Equivalent to the Total Costs
of Ownership [TCO] (Life
Cycle Costing) approach of
financial evaluation, the Total
Eco-Costs of Ownership
[TECO] is defined and applied
to a 28" television. See the
table of Figure 6 for two
cases:

- ‘the American family’ in
Europe, watching 6 hours
per day on average

- ‘the European young bach-
elor’, watching 1,5 hour per
day on average

It is assumed that the life time
of the television is 10 years,
and that the encrgy consump-
tion is 100 W during “watch-
ing’ and 2,5 W during ‘stand
by’ (at a renewable electricity
price of 19,60 Euro per GJ).

The data of Figure 6 on the
standard 28” TV are derived
from two confidential studics
on the subject: one study for
Philips (1997) and one study
for Sony (1995). These data
arc lentative and tend to be
different for each specific de-
sign.

The data on the ‘low energy’
TV are of a more hypothetical
character: the encrgy con-
sumption of the standard TV
could be reduced by a more
advanced system design (there
are several options), however,
at a higher level of production
costs.

Suppose that a new ‘low en-
ergy’ type of television will be
launched with the following
characteristics

THE JOURNAL OF SLSTAINABLE PRODUCT 0ESIGN AU



All prices in Euro

Watching 6 hours per day (average in a year)

standard 28" TV

“low energy” 28" TV

Value (costs) Eco-costs Value (costs) Eco-costs
Purchase 675 208 776 (+15%) 239 (+15%)
| Energy “watching” 174 239 130 (-25%) 179 (-25%)
Energy “stand by” 13 18 10 (-25%) 13 (-25%)
“End of Life” 30 3 30 ; 3 .
TCO and TECO 892 468 912 (+2%) 434 (-7%)

All prices in Euro

Watching 1,5 hour per day (average in a year)

standard 28" TV

“low energy” 28" TV

Value (costs) Eco-costs Value (costs) Eco-costs
Purchase 675 208 776 (+15%) 239 (+15%)
Energy “watching” 44 60 33 (-25%) 45 (-25%)
Energy “stand by” 16 22 12 (-25%) 16 (-25%)
“End of Life” 30 3 30 . 3 .
TCO and TECO 765 293 840 (+10%) 303 (+3%)

Figure 6: The Total Costs of Ownership [TCO] and the Total Eco-Costs of Ownership [TECO] of a standard 28" TV
and a ‘low energy’ 28" TV, for two consumer market segments

- the price and related eco-
costs are 15% higher;

- the energy consumption is
25% lower (for watching as
well as stand by).

The first question now is
whether this new television is
attractive from the environ-
mental point of view. The an-
SWer is:

- yes when we watch the TV
for more than 6 hours per
day on average, see Sth col-
umn Figure 6;

- no when we watch for less
than 1,5 hours, since the
extra eco-costs in the pro-
duction chain is more than
the savings of eco-costs dur-
ing the use- phase, see 5th
column Figure 6.

FFrom governmental point of
view il seems to be attractive
to stimulate the low energy
television by subsidising (or
differentiating through laxa-
tion), to influence the purchas-
ing decision of the consumer
in the retail shop (remember

that the purchase price is 15%
higher without subsidy). How-
ever, when the low energy
television is purchased by
people who watch less than
1,5 hours per day, the govern-
ment is subsidising eco-costs !
The only solution is to design
a separate marketing strategy
for each of the market niches.
In all circumstances the issue
has to be clearly communi-
cated 1o the market (the con-
sumers).

The second question is whether
or nol the government should
stimulate the replacement of
old televisions by the new low
energy televisions. From a
governmental point of view
this seems to be attractive
since it results in less energy
consumption. However, then
tclevisions are recycled at an
carlier (prematurce) stage than
1s required from the durability
point of view. This dilemma
can be resolved by calculating
the effects of replacement of

m THE JOURNAL OF SUSTAINABLE PRODUCT DESIGN

the old type television (see the

table of Figure 6):

- assuming that the life time
of a TV is 10 years, the re-
lated eco-costs per ycar of
the depreciation of the
standard TV is 20,8 Euro
per year.

- the savings of the eco-costs
of energy is 65 Euro over a
period of 10 years, so 6,5
Euro per year.

The conclusion is that, from
an environmental point of
view, il is not reasonable 1o
throw away the old TV when
it is still working: the energy
savings are not enough to
counterbalance the negative
effect of throwing away the
old TV before its optimal life-
time.

The question whether or not
lo invest in a system which
has a lower environmental
impact, is not only an issue in
the market of appliances. It is
one of the major issues with
regard 1o investment strategies
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Figure 7: The eco-payout time

of industries and governments
on the road towards sustain-
ability. The policy with regard
to investiments in new ‘cleaner
production’ systems is dealt
with in the next section.

The eco-payout time for
investments

It is important for companies
and governments to know
which investment is the best
choice on the road to sustain-
ability. Analogous to the ‘pay-
out time’ as an investment
criterion in financial evalua-
tions, the concept of the eco-
payoul time is introduced:

[2] eco-payout time =

eco-costs of the investment

eco-costs of the savings

The meaning of this formula
is depicted in Figure 7. This
figure shows that only after
the pay-out time period, the
savings are bigger than the
expenditure at the start. So
after the pay-out time period
we have a positive balance on
€Co-costs.

In practice, it would be a ma-
jor step forward towards sus-
tainability if companies not
only base their investment
decisions on the pay-out time
(or other economic criteria),
but also consider the eco-pay-
out time. In doing so, these
companies will position them-
selves step by step better in
the competitive world of fu-
ture sustainability, since they
will move towards production
systems with low eco-costs

(towards ‘cleaner production’).

Formula 2 can be transformed
to:

[3] eco-payout time =

[(value of investment) X
EVR,

lnw_'smn.ml]

[(value of savings per year) X
EVR

savings
or:

[4] eco-payout time =

pay 1t X VRi""C‘lm(-m
-out time
VR

suvings

When a company bases the
investment decisions on such
a double criterion (pay-out
time as well as eco-payout
time), investments in savings
of energy or material will pre-
vail (before, for example, sav-
ings in labour) since the EVR
of labour is lower than the
EVR of materials and energy.

There are types of investments
that enable cost savings which
are normally abandoned di-
rectly after the depreciation
period (= the pay-out time).
In such cases one should be
certain that the eco-payout
time is shorter than the pay-
out time, otherwise a negative
balance of eco-costs is left. In
these cases one should fulfil
the following criterion:

[5] EVR,

investment

equal” EVR

‘less or

savings

For investments in computer
software for instance, this cri-
terion is no problem: labour is
replaced by labour. However,
for investments in computer
hardware this criterion is a
problem: the EVR of a com-
puter is higher than the EVR
of the labour it replaces. In
this case one should keep the
hardware longer than the de-
preciation period from the
environmental viewpoint!

In the case of replacement of
production facilities (invest-
ments without additional sav-
ings), the ecological balance is
always negative: one should
always consider here the alter-
natives of maintenance and/or
renovation. This also applies
for office buildings.
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Figure 8: Preferences of expenditures of households (households in The
Netherlands, 1995). Source CBS, The Hague

The EVR model and the
buying pattern of consumers,
The ‘rebound effect’

De-linking of economy and

ecology is also related to the

lifestyle of consumers. Under
the assumption that most
households spend what they
earn in their life, a low level
of EVR of the household ex-
penditure is the key towards
sustainability. Then, the virtual
eco-costs will be low, even at

a high total value of the ex-

penditures. There are two lev-

els of achieving this:

1. at the product level: the
delivery of eco-efficient
(‘low EVR’) products and
services by the industry

2. at the consumers level: the
change of lifestyle in the
direction of ‘low EVR’
consumption patterns

At the product level, our soci-
ety is heading in the right di-
rection: gradually industrial
production is achieving higher
levels of the value : costs ratio
and is at the same time means
it is becoming ‘cleaner’.

At the consumers level, how-
ever, our society is suffering
from the fact that the consum-
ers preferences are heading in
the wrong direction: towards
products and services with an
unfavourable EVR (like bigger
cars, more kilometres, inter-
continental flights for holi-
days). These unfavourable
preferences can be concluded
from Figure 8.

Figure 8 shows that people in
The Netherlands (and prob-
ably in the other EC coun-
tries) spend relatively more
money on cars and holidays
when they have more money
available. Other studies
(Kramer et al., 1998) show
that people tend to have inter-
continental holidays when
they can afford it.

It is obvious that these prefer-
ences will become a big prob-
lem when people become
richer, since the EVR of food,
health, clothing and housing is
much lower than the EVR of
transport and (inter)continental
holidays by plane (voy Hinder
et al., 2001a):

THE JOURNAL OF SUSTAINABLE PRODUCT DESIGH

- the EVR of food, health,
clothing and housing is esti-
mated in the range of 0.3—
0.4

- the EVR of transport by car
in Europe is estimated in the
range of 0.8-1.0

So, when European house-
holds get richer, their spend-
ing gradually produces a
higher EVR, which is the
wrong direction in terms of
eco-efficiency and sustainabil-
ity.

Consumer preferences are rel-
evant for the design of prod-
ucts and services due to the so
called ‘rebound effect’. See
Figure 9. When eco-costs are
reduced by ‘savings’, the eco-
nomic value (costs to the con-
sumer) is reduced as well, so
the consumer will spend the
money somewhere else. In the
example of Figure 9, savings
on product type | have a posi-
tive effect ou the eco-costs, if
the money is spent on prod-
ucts with a lower eco-costs:
value ratio (e.g. product type
2). Example: savings on travel
costs are spent on housing.
However, savings on product
lype 2 may result in higher
eco-costs if the money is
spent on products with a
higher EVR (e.g. product type
1). Example: savings on hous-
ing costs are spent on travel.
The conclusion is that ‘sav-
ings’ are only positive for the
environment when savings are
achieved in areas with a high
EVR.

A typical example of the ‘re-
bound effect’ relates to the
efticiency increase of light
bulbs: when consumers spend
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Figure 9: The ‘rebound effect’ of consumer spending

the saved energy on more
light (e.g. in their gardens) or
on electricity for other domes-
tic appliances, this doesn’t
help much in terms of sustain-
ability.

In general, however, one may
conclude that savings on en-
ergy can have a positive effect
in terms of sustainability,
since the EVR of energy is
relatively high [1.2 ... 1.8]
(Vogtlinder et al., 2000b)) in
comparison with other expen-
ditures. Savings on luxury

goods (generally a low EVR
because of the high labour
content: 0.2 ... 0.4, which
might be negative since the
‘rebound’ might relate to the
use of more energy (in the
form of travetl).

In product design, savings in
energy often require higher
product costs. An example of
such a saving rclates to mak-
ing cars lighter (in order to
reduce fuel consumption). Fig-
ure 10 shows the result of
calculations for middle class

3

productio

. steel
| =~ polymer

pollution prevention costs of
coz
oo888838338

200 300

value in DM

Figure 10: The Total Costs of Ownership (TCO) and the pollution prevention
costs of CO2 for two alternative designs for a part of the coach-work of a

middle class German car

German cars and for European
fuel prices (Saur, 1999).

The left hand side of the two
lines relates to the production
(the end-of-life phase in-
cluded) of a specific part of
the coach-work of the car. The
right hand side of the two
lines depicts the effect of the
fuel consumption on that spe-
cific part of the coach-work
(0.305 litre fuel per 100 km
per 100 kg). At a total life
time of 250,000 km, SMC (a
polymer) is break even with
steel from the economic point
of view, but much better from
the environmental point of
view. This is an example
where there is no ‘rebound
effect’, since the economic
savings on the fuel equal the
extra costs of the coach-work.

It is good to mention here that
the change in cost structure
(from energy costs towards
product costs) may have a
serious impact on the market-
ing of the product. When the
aforementioned example of
coach-work is applied to the
total car (a hypothetical case),
the price of the car will go up
with nearly a factor two-and-
half, which may only be mar-
keted via total lease concepts
(for the total life time of the
car!).

Conclusions

The development of a sustain-

able society needs a combined

approach:

- by the industry: the delivery
of eco-efficient (‘low EVR’)
products and services
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Figure 11: Product portfolio matrix for product strategy of companies

- by the consumers: a change
in life-style towards ‘low
EVR’ consumption patterns

Governments should lead in-
dustry in the right direction
(e.g. by regulations), and
should stimulate consumers to
make the right choices in
terms of the EVR.

With regard to product portfo-
lio management of companies,
the EVR model shows the
clear implications in the ma-
trix for PSS of Figure 11.

The basic idea of this product

portfolio matrix is the fact that

each PSS is characterised by:

- its short term market poten-
tial: the value : costs ratio

- its long term market require-
ment: the EVR

In terms of product strategy,
the matrix results in 4 strate-
gic directions:

1. enhance the value : costs
ratio of a sustainable de-
sign with a sound EVR to
make it fit for short term
introduction in the market

2. enhance the EVR of cur-
rent successful products to

make it fit for future mar-
kets

3. be careful that direction 2
doesn’t result in a lower
value costs ratio

4. abandon products with a
low value : costs ratio and
a high EVR as well

There appears to be four fun-
damentally different opportu-
nities to enhance the eco-
costs : value ratio:

- making production processes
‘cleaner’ (lowering the eco-
costs at the same value)

- better materials selection
(lowering the eco-costs at
often higher cost levels)

- ‘savings’ in e.g. transport
(lowering both costs and
€co-costs)

- improvement of the per-
ceived value {enhancing the
value without adding consid-
erable extra costs)

Understanding of the afore-
mentioned aspects of product
development and marketing
strategies is essential to ma-
noeuvre a corporation into a
position which is fit for a sus-
tainable future. Furthermore,
the eco-payout time should
play a role in the decision
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taking process to manoeuvre a
company and its products into
a better position for the future
(i.e. a lower EVR).

Footnotes

1. “The downward spiral of
poverty and environmental
degradation is waste of oppor-
tunities and of resources. In
particular it is a waste of hu-
man resources. These links
between poverty, inequality,
and environmental degradation
formed a major theme in our
analysis and recommenda-
tions. What is needed now is
a new era of economic growth
— growth that is forceful and
at the same time socially and
environmentally sustaina-
ble.”(Preface of “Our Com-
mon Future” (Brundt-
land,1987), page xii).

2. In a previous article in this
Journal, “Customers — the for-
gotten stakeholders” (Prentis
et al., 1999), the issue of lack
of ‘customer focus’ in envi-
ronmental analyses is dealt
with.

3. The concept of the ‘virtual
eco-costs’ is slightly different
from the concept of the ‘exter-
nal costs’. External costs are
related to damage to our envi-
ronment. The virtual eco-costs
are related to the (marginal)
prevention costs, which are
required to bring our economy
into a state which is sustain-
able. What both type of costs
have in common, is that they
are not incorporated in the
current economic costs of
products and services.

4. For a PSS, the bundle of
business activities is called the
‘profit pool’, rather than the
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Figure 12: The basic idea of combining the economic and ecological chain: ‘the EVR chain’

product chain (Gadiesh et al.,
1998).

5. Within the production
chain, ‘value’ equals the sales
price. At the end of a produc-
tion chain, where the con-
sumer buys the product, the
way the ‘value’ has to be as-
sessed is slightly different
(Vogtlinder et al., 2001a):
from the consumers point of
view the value equals the ‘fair
price’ (Gale, 1990), see Annex
3. For a short description of
the ‘costs-price-value’ model
see Annex 2.

Annex 1. The virtual
eco-costs and the EVR model

The basic idea of the EVR
model is to link the ‘value
chain’ (Porter, 1985) to the
ecological ‘product chain’. In
the value chain, the added
value (in terms of money) and
the added costs are determined
for each step of the product
“from cradle to grave”. Simi-
larly, the ecological impact of
each step in the product chain
is expressed in terms of
money as well, the so called
eco-costs. See Figure 12.

The eco-costs are ‘virtual’
costs, resulting from a ‘what

if” calculation on ‘marginal
prevention costs’: they are a
norm for the costs of meas-
ures which have to be taken to
make (and recycle) a product
“in line with earth’s estimated
carrying capacity” (vef. Figure
13). These costs have been
determined on the basis of
technical measures to prevent
pollution and resource (en-
ergy) depletion to a level
which is sufficient to make
our society sustainable
(Vogtldnder et. al, 2000,
2001a)

Since our society is yet far
from sustainable, the eco-costs
are ‘virtual’: they have been
estimated on a ‘what if” basis.
They are not yet fully inte-
grated in the current costs of
the product chain (the current
Life Cycle Costs). The ratio
of eco-cost and value, the so
called eco-costs : Value Ratio,
EVR, is defined in each step
in the chain as:

[6] EVR = eco-costs : value

For one step in the production
and distribution chain, the
eco-costs, the costs and the
value (see Note 5) are de-
picted in Figure .

To determine the eco-costs,
five components of the eco-

costs have been defined, being

3 ‘direct’ components plus 2

‘indirect” components:

- virtual pollution prevention
costs, being the costs re-
quired to reduce the emis-
sions of the production proc-
esses to a sustainable level
(Vogtldnder et al., 2000);

- eco-costs of energy, being
the price for renewablc en-
ergy sources;

- materials depletion costs,
being (costs of raw matcri-
als) X (I — «), where « is
the recycled fraction; for
more information sce
(Vogtldnder ct al., 2001b);

- cco-costs of depreciation,
being the eco-costs related
with the use of equipment,
buildings, etc.;

- eco-costs of labour, being
the eco-costs related to la-
bour, such as commuling
and the use of the office
(building, heating, lighting,
electricity for computers,
paper, office products, etc.).

Based on a detailed cost-struc-
ture of the product, the eco-
costs can be calculated, by
multiplying each cost element
with its specific eco-costs :
value ratio, the EVR. These
specific EVRs have been cal-
culated on the basis of LCAs.
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the delivery of
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while progressively reducing
.. ecological impacts and resource intensity
- through the life cycle -
to a level in line with
earth’s estimated carrying capacity

Figure 13: The definition of eco-efficiency (WBCSD, 1995)

Tables arc provided in
(Vogtliander et al., 2000a).
The EVR model has been
based on the definition of eco-
efficiency, as developed by the
WBCSD, sec Figure 13.

The part of this definition
above the dotted line is de-
scribing the value of a prod-
uct, the part under the dotted
line is defined by the eco-
costs. In the EVR model Eco-
efficiency is defined as:

[7] eco-efficiency =

value — eco-costs

value
or cco-efficiency = I — EVR

Note that the eco-efficiency is:

- negative when the eco-costs
are higher than the value, or
where EVR > 1

- 0% when the eco-costs are
equal to the value, or when
EVR =1
100% when there are no
cco-costs, or when EVR =0

Annex 2. The
costs-price-value model

In elaborating the concept of
eco-efficiency as defined by
the WBCSD and the basic
idea of the EVR model as
depicted in Figures t and 12,
it is essential to understand
the differences between costs,
price and value as they are
defined in modern manage-
ment theorics (like Total Qual-

4 profit

manufacturer g

brice

L

_| extra value b

consumer

value

price

A product in the eyes of
the manufacturer

A product in the eyes of
the consumer

Figure 14: The classical paradigm is ‘price driven’, which leads to ‘cost cut-

ting’
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ity Management and/or Con-
tinuous Improvement).

The classical management
paradigm describing the func-
tion of costs, price and value
is depicted in Figure 14. In
the eyes of the producer, profit
is a result of the difference
between the costs of a product
and its price. Managers try to
reduce the costs as much as
possible and get a price as
high as possible.

However managers know that
the end user (consumer) will
buy the product only when, in
his or her eyes, the perceived
value is higher that the price.

In the classical management
paradigm, the manager has no
choice: when the price gets
too high, there will be no buy-
ers, so the only thing he can
focus on is reducing costs. In
this paradigm, measurcs for
environmental protection add
costs, so must be kept to a
minimum.

In modern management, the
strategic focus is on the ratio
of value and costs, as is de-
picted in Figure 15. A big dif-
ference between value and
costs creales a variety of stra-
tegic options for setting the
right price (more profit by
oplimisation of margin per
product versus sales volume).

In classical management,
higher value (‘quality”) lcads
always to higher costs. In
modern management that is
not the case: there are many
management techniques that
lead to a better value : costs
ratio. Examples are: logistics
(better delivery at lower stock
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Figure 15: The new management paradigm is about enhancing the value/

costs ratio”

levels). complaint manage-
ment (satisfied customers with
less claims), waste and quality
management (less materials
better quality). All these ex-
amples — there are many more
in the field of Total Quality
Management and Continuous
Improvement — lead to more
value at less costs. This is
called ‘the double objective’
for managers (Vollmann,
1996) and opens new perspec-
tives to support eco-efficiency
(it supports the first part of the
eco-efficiency definition of the
WBCSD). See also (Porter et
al., 1995). Note that this mod-
ern management philosophy is
much more than just ‘adding
services’ to existing products.
It is about carefully improving
the quality of produects and
services (as perceived by the
customer!) by eliminating the
‘non value added’ energy, ma-
terials and work.

The question is now whether
these modern management
techniques always lead to bet-
ter eco-efficiency. The answer
is no (e.g. the use of pesti-
cides in agriculture results in a
better value/costs ratio but not
in a better level of environ-
mental protection). That is
why the aforementioned defi-
nition of eco-efficiency of the

WBCSD adds: “...while pro-
gressively reducing ecological
impacts ... . For this reason,
the ‘virtual eco-costs’ as a
single indicator for sustain-
ability has been introduced in
the EVR model of Figure 1.
In this way the ‘cost structure’
of a product (including serv-
ices) is linked to the related
ecological impacts and mate-
rial depletion.

Annex 3. The dimensions of
Quality and the Fair Price

The quality dimensions of
Garvin (see main text) can
only be judged by the custom-
ers (‘as perceived by the cus-
tomers’, measured by cus-
tomer panels or customer
surveys). These quality dimen-
sions can be expressed in
terms of the ‘fair price” (Gale,
1990).

The technique is that the cus-
tomer is asked lo estimate the
value the total product-service
system in terms of the (total)
“fair price’. The ‘fair price’ is
the highest price at which a
customer is prepared to buy a
product and/or service. When
the price of a product is
higher than the ‘fair price’,
the product is considered by

the customer as too expensive.
When the price is lower than
the fair price. the customer
considers a purchase as attrac-
tive. So the fair price equals
the value as depicted in Fig-
ures 1, 14 and 15.

In addition to the assessment
of the fair price, each quality
dimension can be rated:

- in terms of the quality
(=value) of each dimension
(ranging {rom ‘very poor’ Lo
‘excellent’)

- in terms of importance of
each dimension (ranging
from ‘not important’ 1o
‘very tmportant’)

The fair price for the ‘product
quality’, the ‘service quality’
and the ‘image’ can be deter-
mined then by calculating the
weighed averages of the rat-
ings of the quality dimensions,
and assigning the correspond-
ing portions of the total fair
price to the quality aspects.
An example for an easy, lin-
ear, situation is given in the
table of Figurc 16. A distinct
group of customers (customers
within one market niche or
one market segment) is asked
to assess the total fair price
(= total value), the score of
importance, column (1), (“how
important is this value aspect
for you?” 1 = ‘of no impor-
tance’ to 5 = ‘very impor-
tant), and the rating of the
value, column (2), (“what is
the quality aspect for you?” |
= ‘very poor’ to 5 = ‘cxcel-
lent’).

The fair price for the value
aspects Is calculated then ac-
cording to the scheme in this
table.
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Value aspect | Importance Score | Value Rating 3= 4)= “fair price” =
(D (2) () x(2) {(3)/ ‘total (3) | (4) x ‘total value’
a | Product Q 4 3 12 0,40 360 Euro
b |Service Q 2 3 6 0,20 180 Euro
¢ |Image 3 4 12 0,40 360 Euro
d | Total 34 1,00 900 Euro

Figure 16: Calculation scheme for assessment of the fair price for value aspects {example)
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