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1. INTRODUCTION: INTENTION OF THIS PAPER

Nobodywho is aware of the problems of our time will deny that environmentally ores are
amongthe most serious issues we ae fadng. However, if we ak what exadly the problems
are and hov we ould solve them, that initial agreement disappeas. There is a number of
approadhes to describe environmental issues and to develop proposals for solutions, be they
on a scientific, morale, econamicd, pditi cd, philosophic, anthropdogicd or any aher base.
Presumably the most comprehensive gpproad isthe idea clled ‘ sustainability’. We find this
word novadays not only in pulbicaions of environmental pressure groups, but even in the
prefaceof European legal regulations and the financial reports of multinational companies.

But what is sustainability? There ae many dfferent definitions around, many o them
contain aready conclusions and cerived propcsals for adion. This very often results in a
communicaion gap: many people - particularly when they have developed some kind o
environmental moral - draw such conclusions sibconsciously, bu ‘the other side’ - guite
often industrial managers - canna foll ow these steps.

When | am now goaing to sketch some mental models relating to sustainability, this mainly
builds on the experience | had with Meadows ‘Limits to Growth’, which caused me to
develop akind o feding for environmental isaues. In addition, ideas flow in from norlinea
dynamics, with variations like systems thinking, chaos theory or self-organisation. My
experiencewith thisway of thinkingisthat it allowed me nat only to foll ow the aguments of
environmentally aware people, whom previously | had considered to be unredistic, bu also
caused meto take adion myself.

2. SYSTEM BEHAVIOUR AND
WHY WE NEED MENTAL MODELS

A system isa‘group d things or parts working together in aregular relation’ (Hornby). The
peauliarity abou systems thinking is that it does nat merely look to the ‘things or parts’, but
also to the relationships between them. The system as a whole can have properties that are
not founded in ore of the parts, bu in the way they relate together. Systems we find
everywhere, as the following sedion shows. A human body lehaves different from a bare
acaimulation d water and minerals, and a stock exchange market shows dynamics that we
canna uncerstand just by looking at individual transadions.

There ae two reasons why | think we nead mental models and systems thinking to tadkle
environmental problems:

» Thefirst oneisthat to understand the whole complexity of the issues we face we caana
rely any more on the anayticd approach which tries to understand something by
examining the detail s, bu we have to take alook at a broader picture.

» Thesemndreasonisthat existing mental models - of managers, pditi cians, consumers, of
everybody - influence to a large part the dedsions being made and therefore this models
are part of the problems itself. The ‘unleaning of old models and the provision d new
onesthereforeis part of the solution.
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2.1 The House and the Bricks: ‘The Big System’ and Subsystems

Since we can consider systems as entities in their own right as well, they can becwme
subsystems of alarger one, while in themselves again containing further subsystems. Finally,
we can end upin considering the whole world as one big system. Figure 1 tries to provide a
first glanceon hov we might imagine that.

We dl know that finaly every matter
consists of atoms forming moleaules, and on
the other hand, everything we know is part
of the cosmic system. Between these levels,
al human and retural adivity is placed, and
al traditional sciences we know usually do
nothing else than to focus on ore spedfic
subsystem of this whole. By mastering these
parts, mankind have been able to achieve
tremendous progress and whil e the top helf
of Figurel shows natural systems, the
bottom half refers mainly to the aess of
society and technasphere - systems that were
creaed by humans.

7 metaphysics 2

However, the environmental problems show
a new quality: they go owr the border of
these traditional areas, as for example the
curved path in Figure 1 indicates. Our
patterns of thinking and dedsion making
structures - which are based on pycho
logicd processs - form the way we build
our society and by that the eonamy. This
caused atremendous industrial progress requiring dants that use material and produce waste
of many kinds. Dired or by infrastructures (like sewage systems or raw material markets)
this draws on resources, that were aeaded by dyramic processes on the eath in ancient
times. This as well has an impad, for example, to ou climate, that in turn affeds emlogicd
systems. Since we ourselves dill are based on bologicd processes, anthropdogicd
consequences will result. Finally, whether readive or as part of an avoidance behaviour, we
will get pdliticd impad - nat straight forward, bu aong a very puzZing web o causal
relationships - once‘aroundthe world'.

Figure 1: The World asa System

2.2 The Mortar: Mental Models and Systems Thinking

Unfortunately, these complex considerations as s1own abowve, are in themselves goodfor not
much more than just a philosophicd discusson. When we mnsider that redity is by
magnitudes more mmplex - after al, we ae deding with the whole world - the situation
beawmes mind-bogding. But fortunately, the erolution provided the human brain with the
ability to take abroader view, away from detail s.

When we hea good rews in the radio abou a ammpany, we exped the share priceto rise and
may therefore quickly try to buy some shares. At this moment, we dont cae @ou the
thowsands of other posdble buyers who sit wherever, listening to radios, consisting, d
transistors, where dedrons may flow. We don't cae dou our bank's information system,
the people and madinery involved, the detail s of a market structure, regulations concerning
orderly stock exchange. Our perception just concentrates on two relations: good rews raises
the share price, and cali ng the banker provides us with ownership of these shares.

In thousands of everyday complex dedsions, we use the knowledge of such relationships,
which are cdled ‘mental models (Senge). We aqyuire these models by leaning, a process
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that starts in ealy childhoodand continues the entire life. Basicdly, we distinguish between
threewaysto lean (after Demingin Calcuitt):

* by experience- if some events srow a comparable pattern, we asume arelationship
(putting the hand onthe furnace cases pain)

* by beingtaugh - somebodywho acquired a knowledge ealier, communicaesthisto us
(don't drive onthe wrongside of the road - people have been kill ed by that)

« by theory - we know how diff erent parts of a system work and d-aw conclusions
(we know abou market structures, so we exped stock pricesto rise dter good rews)

Once aqjuired, a model is reinforced, if experience proves it to be succesdul, in the other
case it is weakened and ‘unleaned’: devalued and forgatten, turned into the oppaite or
complemented by a more developed view. However, the use of mental modelsis guch abasic
part of our thinking, that we usually take them for granted and may mistake them for redity
(adthoughin the horse market nobody daws demand and supdy lines to dedde on an
equili brium price ad a volume). We usualy do nd make experiments to challenge them.
Even if there is ame evidence gainst an existing model, this results in pain and therefore
first the evidence is questioned (cogritive dissonance), before the model - a proprietary
knowledge - is given up. This medhanism makes mental models very persistent against
unlearning and causes what we know as peopl€ sresistance ajainst change.

Systems thinking helps us to challenge and question ou own models and to kring the
processes of leaning and ureaningto the surfaceof consciousness This enables us to adapt
to changing situations much easier. In addition, systems thinking povides ssme basic
patterns of systems behaviour that are foundin many dfferent systems we facein redity.
The identification d such patterns acceerate the process of leaning and avoids common
mis-perceptions of linea thinking. Linea thinking (quite the oppdsite to systems thinking)
aways looks for dired cause-effed relations, which in the mmplex redity often are nat
there, since the very way of how a system is configured determines its behaviour, na one
individual part of it. Common flaws of linea thinking are, for example, the asgnment of
fault, the belief in single solutions, the ignarance of remote side dfeds of an adion a the
trend to cure symptoms instead of root problems (for a more wmprehensive description, see
Senge).

Recdling the mmplexity of redity, we seethat we cana describe one situation with ore
model, bu have to apply different views, different interpretations, and nd to forget, different
levels of detail: li ke a canera 200msin and ou of alandscape to switch from the broad view
to adetailed ore, we have to integrate understanding onall | evels of systems and subsystems
to achieve finaly the gopropriate dedsion for necessary adion.

2.3 Mental Models and the Environment

But how does this al relate to environmental problems? As many arealy accet, ou
eoonamic structure lies, at least to a part, at the root of these problems. To change this
structure, however, we have to change the underlying systems: the dedsion making
procedures and the managers participating in them.

The whale set of mental models together form a good @t of ones persondlity, since it
refleds past experience and the beliefs of ‘how things are (compare Luffman and
Sandrson). Therefore, managers, as everybody else, rely for their dedsion making ontheir
own models. They cortain, for example, ideas abou market structures, ecnamic eficiency
and expeded maao-emnamic developments. In addition, there ae some general patterns,
like the gyclic up and dawn turns, the amncept of generic strategies and d course the belief in
never ending gowth, which form their picture of how the world works.

If we want to achieve the necessary change withou a forcible transformation o our
eoonamy, we must try to approach the managers models. ‘Unleaning of some of these
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models and repladng a complementing them by aher, more long term oriented ores could
have significant benefits in the processof an environmental reorganisation d our industries.

Currently, two approaches are ommonto doso:

» Sophigticaed scientific theories (e. g. climatic models for the simulation o global
warming) try to show the serious consequences of our current adivities. The problem is,
that managers have no time to understand these models completely and therefore - since
the results contradict their basic beliefs - do nd trust them. In addition, many of the
scientific results and particularly the cnsequences for econamy and society are not yet
clea. This causes uncertainty, so the manager’s mind fall s bad to dd models. techndogy
will find asolution, and finally the market will regulate everything.

» The other way to provide managers with a diff erent mindset isto suppat them with moral
or philosophic thinking: resporsibility for the eath, for future generations and an inherent
value of nature itself are part of most of these mncepts. Many proadive managers have
drealy adopted them, bu when it comes to conflict situations with their old models, the
latter tend to win: “ High morale values do nd help when ou business‘goes bust’ in the
short term”

In the following sedions, | try to challenge some of the mnventional management thinking
and to colled some of the dternatives that | found so far in dfferent sources and which
helped me personally to unean many of the old beli efs.

3. BASIC CONCEPTS OF SUSTAINABILITY

3.1 What is Sustainability?

For many people, sustainability seems to be abig word that means everything and nadhing,
but it looks good ona PR-brochure. However, this does not us bring much further towards a
solution.

To get started, | here recdl the definitionfrom a dictionary (Hornby):
‘sus-tain 1.1 1 ke fromfalling a sinking (.; 2 (enalde to) keg up,maintain’

Transferred to the environmental issies, the definition d the Brundland-Commnisson
(presumably the most quaed definitionin an environmental context) is closely related to that
view:

‘Suwstainad e devdopment is devdopment that meds the neeals of the presents
withou compromising the ahility of future generationsto med their own neads.’

This definiti on includes the main three &peds of sustainability that underlie the thinking o
thisreport:

— sustainability isamean to an end: to fulfil needs
— sustainability means maintaining this ability for the future

— sustainability includes the fulfilment for all presents, na only of some.
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3.2 Three Basic Behaviour Patterns of a Resource

To link the @owve definitions to environmental issues, we @mbine it with a view of the
environment which stems from NASA (quaed by NIHS):

‘I n general termsthe environment can ke seen as
a system of reservoirs andfluxes that link thase reservoirs.’

To fulfil neals, we have to withdraw a cetain amourt from a resourc€ s reservoir. This
either can be limited, be refill ed by a fixed flow or regenerated by the resourceitself, so that
the regeneration rate depends on the stock.

To pdnt out the basic principles, we use asimple

financial model, na one of the usually very complex flow
environmentally ones. If in consequence some of the _ _

conclusions are so obvous that they might appea decisions M

silly, thisis deliberate. Figure 2 ottlines the structure ‘ account

of our resource: we a&ume, that a man who ded left - 7y

to his widow and their children an acourt for their needs witharawal

living. Let the widow be just at the aye of thirty, so interest
she may exped ancther fifty yeas or so to live only

from this acount. When her husband ded, there was Figure 2: Sructure of the basic model

some money in stock. In addition, there might be

some anstant flow (later on referred to as external regeneration), like from a pension fund,
and the acourt might regenerate itself by beaing some interest (internal regeneration). The
widow may or may nat have alook to the balance of the acourt, and there ae cetain rules
that guide her behaviour to withdraw money for consumption.

The Graphs in the foll owing sedions were A B C D-E

produwced with a simple spreadshed, | 1|period 0 (start) 1 2-3

which is sown in Table 1. The structure | 2|stock b/f 1000 =B8

. foll . 3|constant flow [=const_flow =const_flow

ISasTollows. 4[regeneration  [=regen*B2 =regen*C2

Column A shows al variables involved: | >2vaiable —SUM(B2:B4)  =SUM(C2:C4)

the /F of money at the beginnin 6|request >0 ~B7(Lrgrowth)
STOCK B/F ney eg 9 | 7|conceded =MIN(B6;B5*limit) =MIN(C6;C5*limit)

of a period, the consTANT FLow and the | g[stock cif —B5-B7 =C5-C7

flow from REGENERATION (interest) add up | ofconst_flow 30

to an AVAILABLE amourt in every period. A i) fege“h é%/%

REQUEST can be made for withdrawal, | ﬁ’;?l‘t"'t 0%

however, the anount concepeb is limited
by the available stock times a self- Table 1. Spreadshes for the simulation
imposed Limit (which may be 100 % for

unlimited withdrawal). Column B shows the starting pgition in PErIOD 0, which is a fixed

number for the initial stock and the initial withdrawal rate. The flow is constant all the time
(consT_FLow, given below the table). The regeneration rate is the stock at the beginning o

eah period times the rate (REGeN). The amournt AvaiLABLE, reduced by the concepED
withdrawal, is carried forward (stock c/F) into the next period. There the same cdculationis

made, with the exception that the request now is a catain percentage (crowTH) abowve the

amount conNceDEeD in the previous period. The same structure of formulas is copied 50times

to the right, so that a simulation for 50 yeas results. The diarts in the following sedions

show the development of seleded variables over al 50 periods. Changes are made in the four
parameters CoNST_FLOW, REGEN, GROWTH and LimiT, aswell asin the initial values for stock

and REQUEST.
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3.2.2 Use of a Stock

The simplest case is that there is only a fixed amourt of money avail able, withou interest
and withou additional inflow. Figure 3 shows what happens when there was an initial
amourt of 1000(whatever unit) available and ou lady increases gending every yea by 5%
to cover incressed neals and because the lifestyle requires it. Three different variations are
shown: number 1 with an initial withdrawal of 30, number 2 starting at 50 and number 3
starting at 70.

The result is nat surprising: the lifestyle will i ncrease,

withdrawal
while the stock is depleted at an acceerating speed,
until it is finished and ou victim has to starve. The I
initial rate of withdrawa makes no qulitative S
difference it just shifts the time of starvation. Only if 5
the stock is large enoughto nouish her for the whae p 20 10 50

expeded life time, she will nat live longenoughto see
the depletion occur. Nevertheless this is not stock
sustainable because it leaves nothing for future
generations. (Remark: we do nd consider the cae of
social benefit, since in the end this could be amodel
for our current situation onthe planet. The dhance to
recave socia benefits from extraterrestrial sources is
not very high, even if NASA sometimes wants to make
us believing so). Figure 3: Utili sation o a stock

20 30 40 50

If we transfer the model to the environmental situation, we have the behaviour of the
utili sation d nonrenewable resources. Examples are ample: all mining resources like iron,
oil or uranium behavein thisway, bu also some nonregenerative carying cgpadties like the
one of soils for persistent pesticides. If no precaitionary management of the resource «ists,
we have to exped a pattern of growth with afinal coll apse.

3.2.2 Utilisation of a Flow

Figure 4 shows the second taesic case: the utili sation d a flow, which feeds into a resource
The differenceto the first caseis that we start with a stock of only 300, bu thisis replenished
by an annual flow of 100.Again, we see apattern of growth and afina brea&kdown, bu now
not to zero bu to alongterm sustainable level: the anourt of inflow. If we compare the total
amourt of resource mnsumed at the end, all threevariations are equal: the initial stock plus
the awmulated inflow up to that point. The only difference in consumption is, like in the
example éowe, the pattern in time.

Examplesin the environmental areas may be the use of
agroundvater stock: after using upan initial stock, the
long term cgpadty deaeases to the (usualy much
lower) sustainable level of regeneration, which,
however, isindependent of the stock level itself. Some
carying capadties, like for noxious but biodegradable
substances, may show similar dynamics.

withdrawal

300

200
— 2

100

3

40 50

There ae dso examples of flows that canna be put on
stock: the usage of water from a river or the use of
solar energy. In this cases, pasdble use foregoes by
not using aresource, and the maximum consumptionis
achieved by wing all avail able flow immediately (with
the asumption, that this does not cause alverse side
effeds).

— )

3

0 10 20 30 40 50

Figure 4: Utilisation o a flow
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3.2.3 Regenerative Stock

The previous cases bath asaumed that there was no
interest on the acount. In the cae now shown in
Figure 5, we aaume the acourt to start at 800, bu to
bea an interest rate of 10 %: the regeneration now
depends on the stock left. The behaviour of withdrawal
is gill unchanged: 5% growth every yea, and an
initial withdrawal rate of 30 (line 1), 50 (line 2) or 70
(line 3) per yea. Now we end up with two
qualitatively different situations. while the higher
withdrawal rates again causes a breakdown, because -
despite the interest being hgher than the growth in
usage - the stock canna grow that fast becaise more
than half of the interest is withdrawn every yea.
However, if we withdraw initialy lessthan 40, more
than 5 percent is left for the stock to grow and yields

withdraowal

40 50

10000+
8000+
6000+
4000+
2000+

stock

0 t \'\

e

0 10

20 30 40 50

Figure 5: Regenerative stock

then ever increasing wedth - asit isthe goal of the eonamic palicy of every courtry.

Most biologicd resources form regenerative stocks: fish in an ocean or animals to be hurted.
However, they al have - unlike our simplistic example here - an additional upper limit that
works smilar to the constant flow example of 3.2.2. Unfortunately, mainstream econamic

thinking still im plicitly assumes the simplistic case.

3.3 Managing a Resource - Managing Sustainability

3.3.1 Self-Imposed Limits

The financia manager will be grumbling aready
because of the short-sightednessthat we asume in our
examples. Of course, we have to asaume that our
widow knows mething on financial matters, reads
the acournt’s datement every yea and limits her
spending in a prudent way. Figure 6 shows the result:
the condtions are similar to that in Figure 5 (line 2,
with withdrawal starting at 50), but now the anual
spending is restricted to 15 (line 1), 9 (line 2) or
respedively 5 percent (line 3) of the stock. Now we
see a additional pattern that we muld nd generate
with the asumptions above: the long term stability of
revenues, if withdrawal equals interest. Even the
breakdown scenario is ©ftened considerably: revenues
go dawvn slowly, na within ore yea asin the previous

examples, because self-limitation starts much ealier now,.

withdrowal
400+
300+ —- ]
2001 2
1001 — ’
) ‘ ‘ ‘ ‘ ‘ ; ; + --‘
: I 0 30 40 50
stock
8000+
6000+ —- ]
4000+ i
2000+ - ’
0 ‘ T w0 s
: 5 0 30 40 50

Figure 6: Limited withdrawal

Of course we muld change the strength of limitation ower time, for example dlow initia
growth along curve 1 and switch later on to a higher withdrawal rate - then of course & a
higher constant level. This is basicdly a strategy that looks like ‘sustainable growth’,
athoughin the complex redity, where we dways have limits from other parts of the system,
sustainable growth may be a ontradiction in itself: only stable patterns can be expeded na
to hit new limits. However, if we fed limits in a soft way, so that there is enoughtime to
slow down a growth pattern to a stable one withou a bregkdown, we still may cdl this

sustainable.

Unfortuneately, in the red world we have to look very intensively to find examples for
prudently managed resources, at least if we mncentrate on industrialised nations. Indigenous
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tribes al over the world are known to achieve this grategy, however, their oppatuniti es of

doing so are becoming more and more endangered now.

3.3.2 The First Danger to Sustainability: Uncertain Information

For coming reaer to the redity which ou econamic- | .
ewmlogicd system faces today, we have to make our | ®7

L R

system alittl e bit more complex. Figure 7 shows what “ 550 | - cor -comron
happens if we cmbine dl three of the previously | « Lao | 0 oY

30+

mentioned basic structures. The asaumptions are: the | ]

withcrawa

stock

initial stock is 500, we have a onstant flow of 40 per | ®¢ o

230+

yea, an interest rate of 10 percent, an initial | =!

20 30 2 0

withdrawal of 50, gowing a 20 % annudly, bu
limited to 15 % of the stock. To show the dynamic
behaviour, four variables are charted at once the constant flow, the
total flow (with internal regeneration as the diff erence of bath lines)
and the withdrawal refer to the left hand scde, the stock referring to
theright hand ore.

The high gowth rate lets the usage quickly rise to the tota
regeneration rate (external plusinternal), show a dlight overshoding,
but stabilise eventually on a sustainable level where withdrawal
eguals regeneration.

Uncertain information causes dedsion makers to wait with necessary
adions or to make the wrong dedsions in the first placethat do nd
tadkle the problem. Therefore, to simulate uncertainty of information,
| simply introduced a delay: the limit now does not refer to the recent
stock, bu is cdculated on lasis of the stock some yeas before.
Figure 8a - 8c show the results. A delay of 5 yeas (Fig 8a) causes
oscill ating overswing, that, however, eventually stabili ses. With 7
yeas of hesitation (Fig 8b), the system appeas to remain in
permanent oscill ation. Finally, with the dedsion shifted even further
to ten yeas, the oscill ation becomes =lf-amplifying (in managerial
dlang, we refer to this as ‘troudeshoding or ‘firefighting) and
causes the stock to become negative a the end.

Of course, the time unit involved is not necessrily yeas. Similar
system behaviour can be identified in the magnitude of seaonds (for
example & theinitial contad stage between people, when they dedde
whether to like or to hate eat aher) or within weeks (when a
company launches a new prodwct and deddes on marketing
measures). However, most environmental problems have time scdes
in the magnitude of decales. If we cmpare our charts with the
simulation results of Meadows, which are based on a much more
complex model, we find simil ar time scaes.

Figure 7: Adaptationwithout delay

Figure 8a: 5 years delay

Figure 8c: 10years delay
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3.3.3 The Second Danger to Sustainability: Competition

The problem of most environmental resources is that

they are still common good:. there is no price on
them, so the ‘fr eerider’, taking as much as he can get,

is at least in the short term best off. The sequencein
the Figures 9a - 9e shows that. The model is now
extended in the way that 3 partiesrunin paralel, but

they share a ommon acourt. The @ndtions are
similar to that in 3.3.1(stock 3 * 800 = 2400, no
external flow, 10 % internal flow, 50 initid

withdrawal per party, growing at 20 %, alimit of 3 %
of the stock for ead, adding upto the sustainable rate
of 9 %). Table 3 shows the assumed constraints for

every run and the resulting cumulative use over 50
yeas.

In 98, we ad2ume @operation, so that the behaviour is
basicdly the same & in Figure 6 of 3.3.1: constant,
sustainable use, equally for all three parties invalved.
In 9b, @rty 1is a‘freerider’ and increases his own
limitation to 5 %. The result is a switching d the
system to nonsustainable behaviour, bu within the
time frame onsidered, at the wst of the others: the
system shows the structure of a prisoner’s dilemma.
However, the benefits of freeriding are limited: in 9
the limit is further increased to 8 %, bu since the
resource now breeks down quckly, the free rider's
yield fals below the initial level - additionaly
causing severe losses for bath the other parties.

9d shows the situation the other way round party 1
reduces use, thus causing the system to switch to a
long term, sustainable growth - however, the benefits
are regped by the others, party 1loses. To prevent the
reader from falling into cynicism, 9¢ shows a
situation where the proadive player wins at least in
comparison to the starting pant, just by getting a
secnd arty to cooperate & least to some extent: the
increase in oweral system performance is enoughto
offset al deliberate renurciations. But still, the one
taking the most finally ends up hest.

This recdls the nation d competitive alvantage,
which tells us that not absolute, bu relative
performance ours. To take thisinto acourt, | made
the final share of resource ®nceded for every
company bah dependent of its dhare of initial request
(in business terms, we might talk abou marketing
efforts) and last periods giccess (let's cdl it
emnamies of scde). Initial stock is 2000, external
flow 100, interna regeneration 5%, initia
withdrawal 50 per party, growth 2 % (1,99 for party
1) and sdf-limitation 5 % (4,9999 for
party 2).

limits (% of stock)

cumulated withdrawal

Figure| 1 2 3 1 2 3 total
9a 3,0 3,0 3,0 4397 4397 4397 (13191
9b 50 3,0 3,0 (4604 2903 2903 [10410
9c 80 3,0 3,0]4365 1932 1932 | 8229
9d 20 3,0 3,0 (3874 5751 5751 15376
9e 2,0 25 3,0 ] 4445 5535 6607 | 16587

Table 3: Outcome of a simulation d competition
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Figure9a: All partiestake3 %
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Figure 9b: Party 1 takes5 %
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Figure 9d: Party 1 takesonly 2 %
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Figure 9e: Party 1 takes 2 %, party 2 takes 2,5 %
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As Figure 10 shows, the amplificaion d the tiny
differences is amazng after 10 yeas, duing which wiihdrowal
the growth rate is limiti ng the use, party 1is ‘pressd
out of the market’, because it's growth rate was
slower, which cumulated to a severe disadvantage. In
turn, party 2 and 3show 3 yeas of explosive growth,
urtil the resource @nstraint becomes a limiti ng fador.
Now, over 20 yeas, party 2's disadvantage in uili sing
the resource begins to buld up, util it finally goes out
of business very quickly. The resource ca rewver
again and all ows 3 a sustainable growth, as long as the
limit i s not increased to anonsustainable level.

Figure 10: Amplifi cation o success

What we @uld seein these small simulations is an inherent property of systems behaviour:
athoughthe system itself is very basic and consists of only afew variables, it is possble to
generate a variety of typicd patterns dmilar to larger systems. The last example
demonstrated a cae of symmetry-bre&king: tiny littl e differences in an aherwise balanced
system can amplify themselves and cause totaly different outcomes, that nobody would
expeda if only the differences in the initial settings were cnsidered. These two patterns
(similarity of systems behaviour and symmetry braking) are basic findings of the
mathematica branch of norlinea dynamics (sometimes cdl ed ‘ chaos-theory’) , a science that
is expeded to provide much to understand hav complex systems like markets, ecosystems,
living aganisms or human brains are working. Application d models from chaos theory
could gve many more insights into the relationship of econamy and elogy, and hogfully
will also provide indicaions for solutions. However, there is not enough space here to
elaborate further onthose issues.

4. SOME THINKING TO BE QUESTIONED

The following sedions ill ustrate some of the mental constraints that prevent us deding
effedively with ou environmental problems. Where passhble, | will try to relate them to the
above basic models and to complement views or show flaws in the thinking.

4.1 The Limits of Our Perception

4.1.1 The Boiled Frog: Limitations to Recognise Slow Degradation

Our sensual system is designed to respondto rapid changesin ou surroundngs, bu usually,
it is difficult for us to relate the perceaved impressons to an absolute standard. This
charaderistic prevents us in many cases from information owerload and focuses our attention
on aaute dangers. However, the disadvantage is that we do nd have abuilt in ealy warning
system for slowly acauing problems, bu become acaistomed to proceses of slow
degradation.

Senge gives a nice parable for that pattern: the experiment of the bailed frog. If you pu a
froginto ha water, he immediately will fed the pain and jump ou. If, hawever, you pu him
into cold water that slowly gets heded, he will not redise the problem urtil he becomes
weekened bythe hea that he is not able to jump ou of the lethal situation any more.

Fortunately, humans do nd show that behaviour against immediate physicd threds.
However, in more abstrad situations it is gill there: the student, who delays gudy urtil the
exam is 2 close that he caana hande dl the workload any more, is one example. Another
ore is the company that alows quality standards to erode urtil customers gay away and
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bankruptcy becomes unavoidable. In many instances, the basic environmental problems we
facemay turn ou in the same way, if we ae not able to ndicethe threds.

To dothis, we can barow the solution from the prudent student and the successul company.
Both recognise the posgbhility of athred, plan steps to overcome the problem, define fixed
yardsticks to measure ggainst and monitor progress- in short: they manage the danger. There
are many environmental management toodls avail able now. The task for the moment isto find
ways to apply them systematicdly and to develop vyardsticks to measure progress or
retrogresson.

4.1.2 Devaluation of the Future

Nobody is perfed. People smoke, they drink alcohd, and they put their lives at risk by
irresporsible ways of driving. These ae dl examples where severe future disadvantages are
accepted in favour of asmall, oftenirrational present advantage. Partly, thereis some rational
explanation for that, which econamists cal discourting and which is further elaborated in the
next sedion.

However, the relation d benefits to risk that people gply when they make such trade-offs
seans to be far away from rational considerations. As a psychdogist recently told me, there
appeasto be amuch stronger force, similar to that one keeping the frog in the warm water,
which is based onthe way our brain operates. In terms of the &fecual logic (Ciompi), it may
be that short term pleasure works on a different level of awareness and as long as the neal
for that is nat satisfied, the level of thinking that allows people to consider trade-offs on a
rational basis is not operating at al. Rational thinking, havever, is necessary when we have
to evaluate future dfeds, to asses risks and even to al ow people in remote parts of the eath
their fair share.

If wetry to draw alessonfrom this stuation, we may conclude that for sustainable behaviour
it isimportant to fulfil the basic needs of the ading subjeds. This refers nat only to physicd
needs, bu also to socia ones. The stress $tuation that many managers have to endure does
not sean to med this requirement. The cnfrontational style that many environmental
adivists use in their communicaions and some of them even in their writing daes not do that
either. And d course, we caina exped poaer people in the world to accet our
environmental expedations, if they fed chedaed - even when their basic survival nedls are
met.

4.2 The Market Will Solve It

Mainstrean econamic thinking states that we may have aproblem, bu in the long run, the
market will be the best mechanism to sort everything ou. Present goods are valued by the
market anyway, and future ones will be valued by option contrads, as son as their scarcity
beames evident to the participants (Groenewegen after Meade).

However, this thinking hes at least four flaws that prevent the market system as it works
currently from being sustainable: the way of discourting future revenues, the treament of
freegoods, the fad that information changes over time and the competitive mechanism that
inherently prohibits cooperation.

4.2.1 Discounting

The dternative use of capital isthe core comporent of discourting fadors. As a World Bank
officia said (quaed by Fields), it would be better to put money into an acourt and to
compensate future victims of a pallution with the yield instead of spending this amount today
for abatement, if the wsts were higher than the discourted damage. However, this implies
that urtil that paint in time the e@namic system always would bea on average the same
amount of interest, which means that the dficiency of capital does not dedine. However,
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considering the seriousnessof the problems we face thisis very douliful: what value has a
ca manufaduring dant, if thereis no dl left, and what is the value of a town that becane
uninhabitable due to whatever kind d padlution?

Discourting fadors, as we use them for businessdedsion making, bu also for cost benefit-
analysis in welfare related dedsions, basicdly cortain four elements. The first is inflation,
which can be considered as atechnicd one and is usualy eliminated by working with red
values. The seandis the psychologicd valuation d present compared to future revenues, as
mentioned in sedion 4.1.2- a procedure that was already there identified as irrational.
Present financial theories (compare modern patfolio theory, e. g.in Sanuels et al.) therefore
only have two fadors left: the yield o alternative use of cepital and the uncertainty of the
financial market (nat of an individual projed).

The uncertainty provision inherently prohibits a long term view, since the future is by
definition unknavn. In sedion 3.3.2,1 demonstrated the impad of a delay in dedsion
making, which may be caised by uncertainty, on the sustainable use of a resource By
including urcertainty provisions in the dedsion making processwe hide adelay fador in ou
management tods, instead of isolating it and trying to manage the uncertainty explicitly.

One way to solve this problem might be to impose an urcertainty provision onthe yield of
cepital as well, which we would have to deduct from our discourting rates. Considering a
posshle upheaval in econamic systems due to increasing corflicts, rising sealevels, climatic
changes and similar threas, then it might even be possble to end up with a negative
discourting rate for environmental investments. The results for dedsion making surely would
be very surprising.

4.2.2 Treatment of Free Goods

Goods which are nat yet scace ae nat valued by the market and are thereby free The
emnamic mainstream asumes that, as ©onas a goodis expeded to becme scarce, it either
gets occupied and traded by individuals, as this was the cae with land in ancient times, or it
bewmes a puldic good. Then it is the task of a government to regulate the use, asit is the
case for roads, for knowledge or for waste disposal. The government either can provide the
pubdic goods freefor everybody s use or put some kind d tax on it to internalise the asts
that otherwise have to be caried by society.

This ideaworks quite well as long as the dedsion d use for a good and the evidence of
scarcity appea within the same time. It fails, however, if a dedsion made on the use of a
goodwhich isfreetoday causesirreversible damage onits avail ability in a distant future, that
canna surely be predicted today. An example we find in the phenomenon d add rain: levies
or control measures that may prevent further damage today canna reverse the acdificaion
of forest sail that is caused by emissons produced yeas ago.

The ‘pdluter pays principle - a variety of the general liability regulations - can solve this
problem to some extent, asit puts at least athrea of future sts to every emisson. The core
of the ideais that the default setting is changed: basicdly we have to assume that somebody
might have a stake on every good, instead of assuming that every good free of charge
remains afreegood,as longas nobodyexpouses claims onit. However, asin the cae of add
rain, after the event it is impaossble to measure the liability of an individual polluter, and
some of them even may na exist any more. Most important, however, isthe fad that dueto a
ladk of knowledge of ‘what will turn ou to have caused damage’, the threa of liability
bewmes heavily discournted, so that it does not redly leal to an avoidance

In this context it is also necessary to mention the risk asymmetry that is inherent to ou
corporate laws: a stockholder of a company is allowed to reg the yield of arisky enterprise
if it turns out to be pasitive. If it does nat, becaise, for example, it generates more negative
than pasitive dfeds for society in the long run, the enterprise may go kankrupt and the
burden is difted to the community. Therefore, the riskier a projed is, the bigger is the
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probability that some burden is externalised. This provides thus a financial incentive to
undertake such enterprises.

4.2.3 Information Changes Over Time

The dficiency of markets depends on full information to every A
participant - a quite unredistic assumption. Figure 11 sketches the
‘cobweb theorem’, which is the underlying structure of many cyclic %%
patterns in econamy. It shows a suppy and demand curve, and o
course we exped the market beingin the equili brium. Under certain
condtions, however, this may never be adieved. If for example the

price

demand is very inelastic and reads instantly to small volume /

changes with hig price danges (as thisis typicd for food markets), <apeY

and if on the other hand the supply is very eastic, bu needs some

time to adjust cgpadty (let us sy, it is a food industry), the path >
indicaed by the arows might refled what happens: a small wome

shortage immediately causes increased price This induces capadty Figure 11: Cobweb Theorem

to increase, which all of a sudden incresses suppy after some time.

The pricedrops, suppiers - now fadng anew signal from the market - cut cgpadty, and after
an additional delay we suddenly have an even shorter supdy than before. The pricewill raise
dramaticdly, now starting the same o¢ycle with increased amplitude. Of course, the problem
could he softened if the supgiers would talk to ead ather and to the austomers as well. Then
they could adjust their investment to soundlevels, instead of causing - unwilli ngly and ading
completely rationally - the market to bregk down.

What here looks like an academicd exercise, was observed as the ‘pig cycle in the pork
market over many decales. The aurrent food floods in Europe and the breskdown of
indigenous agricultural systems in many developing courtries may be other outcomes of
similar mechanisms. But not only separated markets, even the eonamy as a whole shows
these g/cles, and the over-investment hypahesis (Beardshaw after Hayekand Mises) foll ows
the same pattern of argument as given abowe. It depends then orly on the spedfic properties
of the systems whether the g/cles remain contained nea an equili brium or exceed sound
limits.

The leson for environmental management is nat only that there is a problem in econamic
theory, which may cause us nat to seethe danger of a cdastrophe built i nto the system, bu
also haw to overcome it: the market is not the only, and may be not even the most efficient
arena for communication. If we recdl the need for cooperation from 3.3.3and the way how
to overcome aprisoner’s dilemma, we know that we neal to communicae in ancther way.
Exchange of information and future plans with customers, supgiers and even competitors
(chain management) can reduce uncertainty and reduce the risk of being ht by a sudden
revelation d developmentsthat are going onelsewhere.

4.2.4 Competition Prohibits Cooperation

Aswe saw arealy in the models of 3.3.3,the sustainable use of a @mmon resource requires
cooperation. However, uncontroll ed competition purishes cooperation in a proteded market,
athough in an open market a @operating cluster coud gain advantage against non
cooperating adors. However, the dynamics of self-amplificaion, that gives further successto
the succesdul party, provide an incentive for stronger parties to strive for a monopdistic
pasition in the longterm instead of cooperating with ahers (as sxown in Figure 10in 3.3.3.
This, however, usually implies the over-utilisation d resources, becaise keeing to the
sustainable limit, even if this is known, all ows other parties to gain advantage. Finally, so a
common ndion, we might end upwith the ‘good parties loosing and the ‘bad’ ones winning
- asituationthat does nat provide sustainahility either.
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The paradox sketched here gplies clealy to international trade, where existing dfferencesin
emnamic power are mntinuowsly amplified, encouraging the formation d the trade blocks
we know now - with the poarer courtries loosing. The richer courtries canna reduce their
resource use, even if they would like to, because then they would loose e@namic power to
aquire & least the resources they needed for subsistence (see dso Daly).

4.3 Technology Will Solve It

Anather optimistic view, sometimes combined with the reliance on markets, is the nation that
when the time arives that problems beame serious, somebody will find a nice technicd
solution to med the neads of the future again. They often qude the example of other
techndogicd shiftsin ancient history, like the one from hurting and gathering to agriculture,
or the development of modern infrastructure when towns grew bigger.

However, the suppaters of this arguments do nd take into account that our cultural pattern
today is the result of an evolutionary process and some adltures that did na happen to have
the right techndogy at the right time just disappeaed. Our present situation, havever, is
diff erent: we share now global problems, so, if we do nd happen acddentally to passessthe
right techndogy in time, the human spedes may disappea - and then there is no aher
culture tofill this gap.

| do nd want to say that techndogy hes no | A
contribution to soften the situation at all. In the long T technory,,

term, | even believe that techndogy may be ale to % = 2 pro ress -
gradually shift the dfed of environmental limits. This | © S’Spe% inilial sityation
can be explained in amodel given by Field, which is 2 fagiired

shown if Figure 12. He draws a production passhility £

p
oz

curve, that shows a trade-off between environmental Grsatisfiod asda &
quality and the fulfilment of neels by prodwcing

market goods. When environmental damage shifts
this line to the bottom left, future generations have
either arestricted pasgbility to fulfil their own needs
or ae forced to do this with uraccetable Figure 12: Production passbility curve (after Field)
environmental impads. Techndogy may shift the

production passhility curve to the upper right, all owing future generations a fair share again.

This does nat imply, of course, that techndogy will restore the original, undamaged
situation. It means only that the aility to fulfil the needs of future generations is dill
guaranteed - presumably in ather ways than those we use now - withou forcing them into
environmental bankruptcy.

S
O
>

critical
acceptable

»
>

environmental quality

However, the situation as we faceit today is an overheaed growth with the expedation o a
breakdown - bath patterns that show rapid and turbulent change. Techndogy, havever, even
in today’ stimes of ever faster development cycles, takes some time from the recognition o a
problem to the solution, which adds to the delay that is already caused by the time needed to
recognise what exadly is the problem at all. In addition, reseach to develop techndogy is
very resource demanding. The dlocaion d resources, however, is saibjeded to market
mechanisms, that will, as siown abowve, na provide the right incentives to develop the
necessary techndogy urtil it i s quite late - maybe too late.

The esencethereforeis, that techndogy may offer some chance, bu it is doultful, whether
under present condtions the pace ad the diredion are gpropriate in the light of the
expeded severe problems. A possble way to tadle this may be to shift the burden of proof
and the resource resporsibility for the necessary reseach to the participants of our econamy
(like power generating a oil mining companies) that want to rely ontechndogy tomorrow to
off set their environmental damage today.
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4.4 The Fatalist View

‘Never touch arunning system!” was an advice | once recaved from a computer spedalist,
when, after long efforts, we succeeled to operate a @mmunicaion line which included a
number of sophisticaed comporents. The anazng redisation for me was, that, although
every detail of a computer system was deli berately designed by man, the whole system itself
beames too complex to be understood, so that every thoughlessintervention would cause
unpredictable, maybe serious, damage.

If thisisthe cae for systems with known, becaise man-made comporents, many emlogists
argue that it must be true even more for ecosystems, where we ae far more ignarant of the
consequences of our adions. Their conclusion is that we must not allow ourselves to touch
natural ecosystems at al - an ognion that is understandable from their one-sided pdnt of
view.

Unfortunately, howvever, we have asimilar conception on‘the other side’: some e@namists,
cdled the Chicago $hod (based on the ideas of Friedmann, see &so at Groenewegen),
accet the flaws in the eonamic system as they are described in 4.2, bu state that
nevertheless any gowernmental or other external influence would ony make things worse,
becaise nobody would be &le to completely understand all the @nsequences of an
intervention.

Considering bah views together, we end upwith two urcontroll able systems, where mankind
takes part in bah and depends on bah, that run towards ead ather and can be expeded to
colli de within a foreseedle time. To consider this as an uravoidable situation is the are of
the Malthusian view (see Hardin or Fisher), bu with the exception that this time the whaoe
of mankind may end upin being the loosing goup.

To solve this conundum, we have to accept that we have to manage both our ecosystem and
our econamic system in a wherent and compatible way. Maybe, due to the ever-present ladk
of knowledge, we make mistake in bah, that might not be optima for eadh system
individually, bu thisis gill better for the whole. But to believe in the fatalist view is a self-
fulfilling prophegy: if we don't believe that the situation can be dhanged, we dont try it,
hence it will not be danged (by the way, this is the mode in which neo-classcad ecnamic
theory was confirmed).

There ae many signs around that we might be ale to prevent at least a total coll apse:
environmental awarenessin many parts of the popdation is growing rapidly, and this all ows
(or forces) industry to adapt their behaviour. In the last two o threeyeas, there was a change
in pubic atitude towards environmental isales, which now are no longer the playground d
marginal groups, bu integrated parts of mainstrean padliticd thinking and sound bsiness
pradice

Of course, onaglobal level, developing courtries cause much additional concern. However,
their situation is to a large extent caused by the boundiries imposed onthem by the inter-
national econamic system. Therefore, fair trade is a necessary precondtion for sustainable
development.

5. PROPOSALS FOR IMPROVED THINKING TOOLS

5.1 Life Cycle of an Environmental Problem

Figure 13 sketches a generic framework to describe the systemic relationship of issues, as
they form an environmental problem for a company. It tries to show briefly the links between
an adivity, causing an environmental problem, and the possble cnsequences from the
viewpoint of a mmpany. | have used it several times with managers, and it proved to be guite
effedive in explaining the occurrence of delays and dstorted information.
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The initial cause for the final problem is ©me kind o —

eoonanicd or technicd adivity, as every induwstria ethics

process bu aso the final product, may be. This feedbacks =2 Activity

adivity has an impad on the environment, which may T ooy echnical

at some point in time be percaved by any part of "ab'g’

society. This again may induce presaure on the caising shift in space and time

ador to stop a reduce the adivity, bu also on T —
gOVernment to crede Iegal tods to reQUIate the !)Tgrﬁlﬁ})nmental media (soil, water, air)|
problem. On the left hand side, we see different O O

feedbadk medhanisms, that refer to some of the most market —
common approaches of companies in deding with delay, focussing on issues

_ N N N N
Perception of the effect

environmental isales.

All these issues in isolation, d course, are familiar to by measurement

everybody invaved in environmental management. by sublective perception

T_he point of_ th_e systemic view is to daw a I<_arger o, otoation of issues,

picture. As indicated by the italic remarks printed S T T

between the boxes in the dhart, from one stage to the Pressure

next there ae time delays, seledions and edia "

misinterpretations of the isues, that together form | omo competiors PR

some kind d coll edtive perceptive distortion. ance seection, modification, simplification

Aswe muld seein sedion 3.3.2,asystem isthe eaier —~ ) * S
Legislation

to keep in control, the more immediate and the more limits, prescriptions,
predse the guiding information is that is used as a product banning, &
feedbad to corred deviations from the intended stage.
If only distorted or delayed signals are available, the
process which has its own, inherent inertia, may
overshoa, oscill ate, bresk dowvn o explode.

Figure 13:
Systemic structure of an environmental problem

What is the impaa of this insight for environmental management? Today, most companies
still consider environmental problems as marginal isaues that cause only cost, bu no kenefits
for themselves. Therefore, they want to delay expenses as long as possble. They do this by
seleding the most delayed and dstorted feedbadk channel available: compliance to legal
requirement.

However, analysing situations where wmpanies auffered severely from the repulsion d the
environmental damage they caused, we often can find the pattern predicted in 3.3.2.There
are many cases known were companies cortinued pdlution d their site, urtil the deanup
costs exceealed their net assts and dove them into bankruptcy. Very often an investment of
afradion d that would have been enoughto prevent the damage - if there would have been
an information channel to inducethat ealy enough.

An example for oscillating (or sometimes irregular, cdled chaotic) behaviour is the
applicaion d end-of-pipe-techndogy. Since legislation wually follows a piecened
approach and has to simplify regulations for pradicability (which leads in some caes to
insufficient regulations, in athersto unrecessary costs), such atechndogy ony tadkles a part
of awhale problem. During the time of the legislative procedure and the wnstruction o the
filter, other problems may be found,so that legal requirements may already be in the process
of being amended. When (just for example) afilter is operating, it shifts aburden from the ar
to the soil, because dust now has to be depasited in a landfill . It is not unknown, that finally
toxic ingredients may end upin the groundwvater, causing cleaning costs for tap water. The
pattern we can see is an aoscillation around the optimum solution, which causes many
expensive dforts, bu never readies the goal. Actually, these csts may continue dter the
breakdown of the process will say after a product iswithdrawn or a company closed down.
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What can a manager do to avoid such unrecessary efforts? Figure 13 shows information
channelsthat rely onmore dired and predse feedbadk. In the past, many companies switched
from complianceto readive, market driven behaviour: it was either the consumer, who could
redise a problem himsdf, or pressuure by media, environmental adivists or even the
competitors’ better image that induced companies to read after a problem receved pubicity.

In these days, an even shorter feedbad loopis driven by the fea against liability - caused by
some large bankruptcies. This fea is now even causing pdentia pdluters to examine
adively the patential impaa of their adivities onthe environment.

The shortest feedbadk, however, is indicaed at the top left corner of the adivity-box if an
environmental ethic atacdhes intrinsic value to natural goods, any impad will be avoided at
al whenever posdble. In most cases, it isthen even na necessary to drea effort to monitor
patential effeds, and al resources can be direded towards a minimisation.

Of course, the structure & outlined here is a roughsimplificaion d a very complex web of
isaues. In redity, every induwstry and every company is fadng a different situation, bu the
framework given here may be useful as a starting pant to examine the ‘bigger picture’ in the
individual case.

5.2 Environmentally Benign Behaviour as Self Interest

There ae many projeds and examples around (e.g. SPURT, UNEP), which prove that
environmentally sound kehaviour may even pay off in immediate financia terms. However,
with this argument it is easy to insult managers. they believe that where there was a st
saving pdential, they would have redised that aready before aonsidering environmental
isaues. On the other hand, it is likewise possble to find many projeds that did na pay off.
The examples are therefore quite suitable to inspire the aedivity of committed people, bu
not to cause reluctant ones to change sides.

| think, althoughsmall operational savings are agood start for a company, much hbigger
advantages may lie in strategic pasitions. As the CEO of a famous multinational company
once painted ou, ‘I n the longrun, nocompary can exst aganst the society within which it
operates. The cnsequence is that in the long run al external environmental costs will
bewmme internalised in some way, be it by law, by market boycotts, by the restriction
impaosed to suppiers, by urmotivated workforce, by liability payments, by increased cost of
waste disposal or any ather medchanism. A company that considers these future expedations
in its long term dedsion making, will more eaily be @le to conwvert the threa of
environmental isaues to a competitive avantage. Finally, the individual goa becomes
identica with societies goal - and that is what cooperationis abou.

5.3 The Second L aw of Thermodynamics: Prevention is Better

The secondlaw of thermodyramicsis abasic physicd concept that underlies al processsin
nature where different substances are invalved. RougHy spoken, it says that by nature
materials tend to mix up if they are not prevented to do so, thus entering a stage of lower
value. An attached measurement of ‘disorder’, cdled entropy, is incressed. The same is
possble for energy, like thermal energy. bodes with dfferent temperature exchange hea
until they are egually warm, comparable to water in conreded hasins, that equals out the
surfacelevel. According to the first law of thermodyramics, energy canna be destroyed,
only converted. However, to use energy, it is necessary to have aflow of hea from a higher
temperature to alower level, just like water can orly drive awhed if it is al owed to flow off
at the bottom.

To describe these relationships in a scientific way, physicists have aeaed the dimension o
entropy, which is a measure of ‘disorder’. In a dosed system (where neither energy na
substance is exchanged with the surroundngs), so the physicists language, entropy can ony
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increase, never deaease. The important conclusion d the second law of thermodynamics is
that, within a dosed system, order - the higher stage of material that forms things like a
biologicd body, a machine or a @wnsumer prodwct - can orly be generated (or entropy
reduced) by saaificing a greaer amourt of order (producing more entropy) in aher parts of
the system. This means, to recover material from ore or from contaminated waste (which
bath are low ordered stages) needs generally more (usable) energy than the anourt that may
have been saved by all owing the waste to degrade.

Althoughin many cases a quantitative assessment of the 2ndlaw of thermodyramics is not
feasible, the qualitative leson - that every mixing o materials tends to degrade its value and
requires eff orts to be reverted - underlies the cmncept of * Clean Techndogy . In thisway, the
argument of opporents to the dassc environmental techndogy (end-of-pipe-techndogy) has
been confirmed: heding a damage &ter it is occurred dften requires inordinate dforts. In
many cases, thisisrefleded in financia cdculations aswell.

Anather argument that opporents of environmental protedion wsed in the past, was that, due
to the second law of thermodynamics, sustainability would na be possble by definition.
However, the eath is not a dosed system: we recéve every day 1,5 * 1G° J of radiation from
the sun, which - like ahig waterwhed - drives the ewologicd system and keeps all its
materia flow gaoing. In this ense, the opporents are right: the sun is doamed to extinguish
one day, bu this will be in some billi ons of yeas. To seethat, mankind will first have to
solve some other problems.

In contrast to the biosphere, the technasphere nowadays relies mainly onthe consumption o
1,0 * 10° Jday (a fador of 15 000less than solar radiation govides) from acamulated,
fosdl energy. This ®ans to be like amiller who would use alake that is only filled by a
small river: when the lake is exhausted, his mill (the capital) has no value any more. All this
flow is used to suppat the existence of 5 * 10° human beings (actually only 20 % of them),
who would reed orly 6 * 10" J (the 250 00@h part of sunshine energy) for their biologica
nedds. If we consider everything else a conversion inefficiency, the red limits em nat to
lieinthisarea

5.4 The Challenge: Measurements for Sustainability

If we want to manage sustainability, we neal a set of management todls that enable us to
appraise performance, to set targets, to assess progressand to compare diff erent options for
dedsion making.

The eaiest way to dothat is to use physicd quantities, like volume of waste, weight of
materials or energy urits. A grea number of problems in the first instance can be handed
with such measures, so they will be used heavily in the management systems that are going
to be instaled nowv in many companies. Moreover, physicd measures alow some
benchmarking within indwstries, athoughat the moment it is very difficult to oltain the
required information, kecaise it relates to sensiti ve processinformation.

The isaue, hovever, becomes more complicaed when it comes to compare the famous
‘apples with the oranges’, asit isthe caein life g/cle analysis or in the dedsion to be made
between dfferent processtechndogies avail able for a new investment. Basicdly, we have
three gproacdhes:. pdliti cd scores, scientific scores and monetarisation.

Politi cd scores try to identify a valuation d environmental goods that is alrealy present in
society (like the SnvissEcopant Method from Miller-Wenk) or is achieved by a procedure of
consensus buil ding (seefor example Heljungs or Lindeijer).

Scientific scoring systems try to aggregate similar impads of different palutants. Examples
are toxicity equivalents (like the ones for Dioxins), the CO,-equivalent for greenhouse gases
or the ‘NOEL’ (no olservable dfed level) for impad on ecosystems. These systems do a
good job within hanogenous classes of pdlutants, athoughthey still are far away from
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being indisputable. The aygregation between classes is much more difficult. There ae some
approadhes in dscusson that are based on the secnd law of thermodyramics (e.g.
Finnveden's ‘exagy’ concept); however, to derive pradicable systems from them seamns to
be very difficult.

The third way to aggregate environmental data is to pu monetary values on them. The
approaches are different, bu a commonly accepted ore is based on cost-benefit-analysis
(compare Field) and willi ngressto-pay examinations. Ancther possbility is to asdgn the
cost of remedial measures to a palution. If we recdl for example Figure 12, the investment
in techndogy recessary to provide unaffeded fulfilment of neeals to future generations could
be areasonable measure. If the burden o proof lies with the paluter, this has two pasitive
side dfeds: first, the pall uter has an incentive to develop atechndogy that off sets the dfea
of hisadivities, and second, the uncertainty problem works against palution, nd against the
environment.

0. INSTEAD OF A CONCLUSION

Since this report was nat intended to dg deely into an isolated issue, bu to indicae the
existence of abroader picture, it would be audadousto draw a wnclusion at the end. Mental
models are something that canna be impased onsomebody - every individual deddes fredy
to accept or to rejed them. Models can orly be offered, and the best an author or a teader
can dois to make them as plausible & posshle and to attach them to perceptions arealy
present in the audience s mind.

Since | had the general manager as target group in mind, | hope that the use of financially
based models was an appropriate means to doso. | am sure that in this areamuch more wuld
be dore, bu maybe the thinking above provides ssme starting pant. If we can succeal in
developing this way of working with managers, we hopefully can make it easier for them to
make the leg from acceting that there is me kind d an environmental problem to the use
of heuristic and ethicd concepts that cause them to behave environmentaly benignly, even
under condtions of uncertainty. And finally, we shodd na forget that to suppat a dedsion
against one's own doutis and external attadks, some rationali sation is necessary, that moral
concepts alone caana achieve.

If thereisafina inferenceto be made, | think it can be the foll owing:

Our traditional thinking focuses on cetail s, thereby negleding the bigger context of a picture.
Like every goal that is negleded, the bigger (‘integrated’) isaues fell badk - even more the
more perfed the small scde goals were adieved in a belief that many small optimal
dedsions would add upto the big ogimum. As the examples on competition and econamic
systems showed, thisis not dways the cae. If we greethus that to read the goal of global
sustainability, we need integrated system thinking as a ‘ Criticd SuccessFador’, thisimplies
that two ather success fadors have to saaifice some of their exclusivity - two thinking
principle that rely onthe nation o small optima alding upto hig ores: the free market and
democracy. Like with the haly cows in India, | do nd think that we have to slaughter these
principles, becaise for most of the limited and locd isaues they have proven to be very
valuable in the past. However, we might think about domestifying them, to get the best use
out of them. If they become means, na ends in themselves, it will be eaier to dedde adbou
necessry steps that are required to achieve the highest benefits for society.
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