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Dynamic Interactions Between Citizen Choice and
Preferences and Public Policy Initiatives

A System Dynamics Model of Recycling Dynamics in a Typical Swiss
Locality

The outcome of recycling initiatives depends on both citizens policy compliance and on the
devel opment in the recycling markets. The task of localitiesis to find incentives to motivate
citizensto participate in recycling programs producing a high quality recycling material.
However, different local policy initiatives in Snitzerland and in New York State showed
some undesired consegquences. A System Dynamics mode is proposed in order to analyze
the undesired effects and to test further policies. The model design is based on a feedback
theory about human behavior and public policy that stresses both the importance of
contextual and personal factors. Hidden attitudinal stocks in the system create adaptation
delays, leading to unexpected system behavior. A plausible personal structure is suggested
that represents the overall propensity to separate waste. First policy runs show that a
combination of interventions altering personal and contextual factorsis superior to single
focused strategies.

Key words: Sysem dynamics, feedback sysems, citizen choice and preferences, human

behavior, propengty, public palicy andyss, solid waste management, computer-aided
decison meking

Introduction

The role of local authorities in public policy initiatives

Locd authorities are often in charge of implementing nationd policies. The success of a
nationa policy depends on afarsaghted development of loca Srategiesto motivate citizens
to comply with public palicy initiatives, such as recyding progr . However, the
outcome of locd public palicy initiatives depends not only on the compliance of the

citizens but aso on market forces. Therefore the present paper suggests a System Dynamics
modd for municipa solid waste management (the SWM-modd!) that addresses both long-
term feedback effects of market forces and dynamics of citizen's choice and preferences
thet affect the outcome of local and nationd policies

! For atheory-based discussion of the role of local authorities see Oates, 1990.



The long-term feedback perspective should help to recognize and andyze important loops
causing desired and undesired outcomes of nationa and local solid waste policy (see
Richardson and Pugh 1981).
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Figure 1: Long-term feedback effect of national and local municipal solid waste management policies

Background of the research: The Swiss Priority Program ,Environment”

In 1992 the Swiss Nationd Science Foundation launched a broad program to promote the
reseerch on relevant toglcsfor asudainable development, the Swiss Priority Program
“Environment” (SPPE"). 500 researchersin 200 projects were underway to andyze and
understand complex sysemsin order to find solutionsto prevailing environmental and
development problems. Especidly interesting for the proposed work are the new indghts
about environmentaly significant behavior of individuas or socid groups and policy
building®, such asin-depth knowledge about hurdles and keys to promote environmentally
sound behavior (see Gessner 1996, Gessner and Bruppacher 1999, Kaufmann-Hayoz and
Gutscher 2001).

Househol ds as consumers have an important influence on the success or falure of specific
products and the deve opment of whole indudtries. Their lifestyles determine what kind of
technologies, materids, and resources will be used. Therefore a the locd level households
areimportant players towards a globd sustainable development. However, many sudies
about environmentaly relevant behavior show that even environmenta concerned
consumers face many obstadles when trying to adopt a environmentally sound lifestyle.
Therefore, locd interventions that help to overcome those obstacles can be crucid. For
policymakersit isimportant to have aheurigtic that helps to understand the processes and

2 http://ww.snf.ch/SPP_Umwelt/overview.html

% Particularly the I ntegrated Project “ Strategies and instruments for sustainable devel opment: Bases and
evaluation of applications, with special regard to the municipality level (Nr. 5001-48826) with severd
subprojects, (1997 —2000) and earlier on the Module 4 “ Environmental awareness and activity (1992-1996).



fectorsthat influence citizens choice and preferences aswell asthe dynamicsthat dter the
date of the socid system. Subsequently it can help to find the right intervention points.

A firg synthesis of findings that emerged from the intensve research about human

behavior and environmenta policy insruments has resulted in asmple fesdback theory
about human behavior and public policy (see Kaufmann-Hayoz and Gutscher 20013
Kaufmann-Hayoz, Béttig et d. 2001).

Figure 2 represents the basi ¢ assumyption about human action as aresult of an interaction
between the internd structure of the actor, (including persond factors) and the externa
Sructure (representing contextud factors in the cultural, Socio-economic, inditutiondal, and
physica framework). The externd sructures offer options but dso congtrain human
behavior. It isaresult of a mul tigage decison processin palitica/administrative,
technologica and economic domains. “All actors have only limited posshilitiesto ater
their own framework of actions, because they are determined by other actors decisons.
However, collective actions or socid practices stabilize and reproduce the mutud
framework conditions, or, dternatively, they contribute to their change. Over timethereisa
‘co-evalution’ of individud and collective patterns of behavior and its framework”
(Kaufmann-Hayoz and Gutscher 2001a:24). This feedback view isin line with the control
theory proposed by Powers mgor work, ‘ Behavior: The Control of Perception’ (Powers
1973 1990). He emphasizes that individuas not only behave as they do because of the
dimuli they perceive but aso that how individuas behave affects what they perceive.

Figure 2: A simplefeedback theory about human behavior and public policy
(Kaufmann-Hayoz et a. 2001:82)

(seeend of paper)

Based on the feedback theory, Kaufmann-Hayoz et d. (2001) conclude that policy makers
ether can dter theinternd or the externa structure in order to induce behavior change.
Different types of policy instruments such as * commeand and control insruments’,
“economic ingruments’, “ service and infragtructure insruments’ and “ collaborative
agreements’ can dter the externd sructure. Policy types such as* communication and
diffuson ingruments’ and dso “collaborative agreements’ can modify the individud’s
interna ructure. A coherent explanation of the different types of policy indrumentsis
givenin (Kaufmann-Hayoz, Béttig et d. 2001).

One am of the present work is to operationdize this broad theory in the SWM-modd in
order to gain a better understanding about the dynamics of contextud and persond factors
and possible intervention points. The modd should help to gain ingghtsinto dynamic
interactions between citizen choice and preferences and public policy initiatives. The focus
ison intended and unintended effects of different loca recyding initigtivesthat result in
policy resstance.

This pgper contains three main parts, which are the mode conceptudization, the SWM -
mode description, and the modd behavior. Those are framed by an introductory chapter



and by some thoughts abouit firg ingghts and condusions. Since the modeling processis
dill ongoing, only the firgt important moded parts and preiminary policy experiments are

described. However, the modding project will be finished in the summer of 2003 and an
updated verson of the modd aswell asfind ingghtswill be presented a the conference.

Issue: Solid waste management in Switzerland

This study dedswith locd solid waste management polidiesin atypicd Swisslocdity. The
overd| purpose of the moddling project isto gain a better understanding of locd solid
waste management problems. However, such loca problems seem aso to be crucid for
nationd policies, snce they address nationd and globa behavior trends (see Duggan 2002,
OECD 2000 in Ludwig, Hellweg e d. 2003). The assessment of the actud Stuaion in
s0lid wagte management made by ‘ the Swiss Agency for the Environment, Forest and
Landscgpe’, can be summarized asfollows

The overd| achievement of the solid waste policy is awell-organized management of solid
wagte. But the whole production and recyding process ill involves an inordinate
consumption of energy and materias The am should be to cregte incentives for waste
avoidance and recydling by levying charges for disposd services, and to promote the
purchase of long-life products. Sustainable use of raw materials and the search for
incentives that promote the necessary changesin behavior arelikely to become the key
issues for waste management. Waste mountains are a Sign of ingppropriate production
methods and behavior (see SAEFL 2002).

A comparison between Switzerland and the USA shows thet the solid waste management
sysem in Switzerland isrdaively advanced.

Switzerland4 Usam
Amount of solid waste 1.2 kg/person/day 2 kg/person/day
2.65 pounds/person/day 4.5 pounds/person/day
Recycled 43% 30.1%
Incinerated 57% 14.7%
Land filled 0% (but 0.64Mio t. combusting ash) 55.3%

Table 1. Municipal Solid Waste management in Switzerland and USA (2000)

In Switzerland municipal authorities are responsible for solid waste management. The lan®
for solid waste management requires that the services be paid according to the polluter-
pays- principle. Therefore, many municipditieslevy charges per callected garbage-bag
(garbage-bag charges). That means that the households are required to pay a charge per bag
for burnable solid waste. Mogt other collecting-services for recyclable products (paper,
cardboard, glass, ferrous metd - like tins, hazardous waste - like ail, batteries, pet’-plastic,
auminum, batteries, food scrgps) are free of charge; respectively it isintended thet the cost

* http:/Avww.umwelt-schwei z.ch/buwal /eng/medi en/umwel tberi cht/druck/index.html (Swiss Agency for the
Environment, Forest and L andscape)

> www.epa.qov./epaoswer/non-hw/muncpl/facts.htm(US Environmental Protection Agency)

6 Environment Protection Law amended 1997 by the Swiss national government

"polyethylenterephtal at




be covered by basc taxes or by some prepaid taxes. However, the households have to pay
an extra price for the digposa of some recycdable materid, (e.g. for metd, dectrica and
electronic equipment and gppliances).

As aconsequence of the introduction of the garbage- bag-charge- palicy, the fraction of
burnable waste decreased and the fraction of recyclable materid increased. The cost for
collecting the different streams of recydable materia increased aswell. Thusthe municipa
budget for solid waste management is growing. There is dso aneed for monitoring the
disposa behavior of ditizens, which adds to the cost. Due to higher operative cost and bad
recyding-market conditions the rdative profit from delivering the separated materid to
recyding ingtead to incineration plantsis decreasing. The households resist paying higher
prices for solid waste management sarvices. Thisisacritica problem (see Joos, Carabias et
a. 2002) . Disposd services are not perceived as a cost- effective public sarvice and ditizens
till expect to get those services for freeb.

In order to dishurden the municipdity from the high cost for solid waste management and
to promote recycling further, the nationa government discusses the initiation of prepad
disposal charges on more recydlable products. “Advance disposa® charges make it possible
to gpply the polluter-pays principle in financing the comprehensive network of take-back*°
points thet is required for a high recovery rate, aswel as trangport and, findly,
environmentally sound processing” (SAEFL 2000:115).

This statement describes the intended effect of the prepaid digposa policy. But there will
probably be some unintended effects, asthe prepaid disposa charges give different Sgnds
to the households and to the recydling sector. It may happen that the avareness of the
prepad price for disposa will dedline, and people may put more recyclable materid into
the burnable garbage. A further de effect could be that the infragtructure for collecting the
meaterid could deteriorate. Since there are few incentives for retallers, they are not
interested in promating good collecting services.

8 http://www.umwelt-schweiz.ch/buwal /de/medien/umwel /2002 3/index.html (p35).

® Advance disposal charges are prepaid disposal charges: the disposal price will beincluded in the product-
price.

10 Take-back points are collecting points for recovered recycling material.




1987- | 1992 1993 1994- 1998-
1991

Separated Materials
Organic material
Paper

Glass

Metal

Aluminum

Pet

Ferrous metal (tins)
Food scraps
Hazardous waste (oil)
Electronic waste

Number of recycling streams |5 6 8 |8 9

1997 2001

Table 2: Recycling streams separately collected by Swiss municipa authorities

A dhort glance & recyding programsin some locditiesin New Y ork State shows thet they
face amilar problems. Duggan (2002) reported recently the actud Stuatio inthe Times
Union. Sincethereis nat yet astrong market for recydable materids, the cities have to pay
someone to take the separated materid for most collecting categories. Furthermore the
operating expense for picking it up separately generates higher cogsthan if it would be
dedlt asnormd “trash”. Hence “recyding” can become economicaly questionable for the
locdlities. The fallowing two voices of locad solid waste management experts point out two
mgor problems they have to ded with. B. Chamberlain, Troy’s solid waste management
coordinator observes, “If the secondary markets don't improve, the pricesto recycle certain
meterid will go up, and onceit passeswhat it cogs to landfill it, it won't be economicaly
beneficid” (cited in Duggan 2002). A further important aspect of recyding programs deds
with the quality of the separated recyclable materid. In the case of New Y ork City they
created a usdless mixed material snce they collected and compacted glass and plagtic
together, for which there is no demand. J. Enck, a policy advisor dated: “ State law does not
prescribe how you are supposed to do the collection. Y ou can sabotage a recycling program
if youwanted to” (cited in Duggan 2002).

These developments in the red world set the stage for the proposed research. The SWM-
model should help to address and andyze these observed problems.

Model conceptualization

Problem statement

The problem addressad by the System Dynamics mode is represented in the following
questions



What locdl policies increase recycling, reduce the overd| generation of solid waste, and
help to esablish / ensure a solid waste management system that fosters competitive
recyding markets?
- How do you motivate the households to participate in solid waste reduction and

separation?

How do you recover recyclable materid to produce competitive secondary raw

materia?

How do youfinance the recovering and disposd activities of locd agents?

Reference modes and problem dynamics

In the following paragraph, some variables of interest and thar hitorical dynamicsfrom a
typica Swisslocdity over the last 14 years (1987 — 2001) will be presented. Subsequently,
the question “What caused the given development?’ (see Randers 1996) will be addressed.
Chart 1 shows the development of the municipa budget for solid waste management. There
isan increasein cogt over time and in some periods there was a deficit. However, there was
a0 an increase in the amount of solid waste during thistime. Therefore, this chart gives us
no information about the development of cods per kg.

Bugdet: solid waste management
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Chart 1: Municipal budget development for solid waste management

In order to dice the problem (see Saeed 1992) and to decompose the growth trend of solid
waste generation, the budget of solid waste per capitaand per kg is computed (see Chart 2).
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Chat 2: Budget devel opment per capita per kg per year

According to Chart 2, thereis an upward trend in the unit cost that pesks in 1994 followed
by adight drop, and then it seems to reach a plateau. However the revenue continuesto
fdl. There are two periods with ahigher deficit (1997 — 1992) and (1996-2001). Asthe
deficit has grown, the locd authorities increased the tax for solid waste management and
the volume related trash bag charges (see Table 3).

Time period 1973-1990 | 1991 - 1999 2000 - 7?7

Taxes, per year, according to the | 24 -60sFr. | 50— 110 sFr. | 83— 184 sFr.
size of the apartment / house
Volume related trash-bag None 0.9sFr 1.80 sFr.
charges (35 liter)

Table 3: Changes in taxes and trash-bag charges (Einwohnergemeinde X 1973 - 2000), (Einwohnergemeinde
Xa1973- 2000)

Chart 3illudrates the changes in the number of recyding streams. Between 1991-93 four
additiondl recycling streams were offered to the citizens. From 1993 to 2001 only one
additiona recyding stream was introduced.
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Chart 3: Development of number of recycling streams

Chart 4 portrays the change in the fraction of separated material and the materid disposed
for burning. The fraction separated for recycling increased from about 30% to 50%.
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Chart 4: Historical development of fraction separated for recycling (GSA , Bauverwaltung Gemeinde X 1997)

Between 1990 and 1992 there was a trangtion phase with ashort term dynamic in the
fraction of separated waste and the fraction disposed for burning. These dynamics can be
ascribed to the implementation of the trash bag chargesin 1991. Asthe citizens learned thet
the disposa cost would increase, they started to clear out usdess materid. In 1991 the price
incentives had a strong effect on the digposal behavior of the ditizens. They probably over
invested in separation activities Snce they tried to avoid disposal cost (over reection).



However, the SWM-modd will not address these short-term effects. Nonethdless, it is
interesting to see that the 100% increase in the trash bag charges had nearly no behaviord
effect in year 2000. A reason for this phenomenon could be that the monetary incentive
givenin 1991 was high enough to activate the potentid cgpacity of citizensto separate
given a congtant amount of recydable materid. Sterns concept of limiting conditions would
explain this effect on theindividud levd with diminishing returns of interventions. If the
finandid incentives demondrate a dear persond benefit afurther increase may befar less
effective than other interventions (providing more opportunities, giving better information
or other incentives) see (Stern 1999).

To explan the long-term dynamics of the reference modes the following dynamic
hypothessis postulated.

Since the performance of citizens separation behavior was low, the locdities gave price
incentivesin form of a garbage bag charge. The intended effect was to promote the
separation behavior. As a consequence the fraction of separated waste increased and the
relative amount of solid waste for burning decreased. The unintended effect was that not
only the relative amount of waste digposed for burning decreased. But dso the revenue
generated from the trash bag charges declined. Therefore, the budget deficit Sarted to
increase. A further increase in the price for burnable materia had nearly no additiond
effect on the separation behavior, Since the number of recyding streamswas hdd nearly
condant. The ditizens had no red legd option to avoid higher costs for digposing the
burnable materid. As an unintended conseguence, the qudity of the separated materiad
decreased. Citizens started to put burneble materid in the recyding sreams. However, this
effect was only observed and could not be exactly quantified.

The following causal loop diagram shows the postulated main feedback loopstheat are
respongble for the dynamics of the varigbles of interest. The baancing fesdback loop
“limiting propendity from time cost” refersto the citizens* behavior (Figure 3) and the
other “defidits limitsinvesments’ refers to the authorities (Figure 4).
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The baancing feedback loop “ defiat limitsinvestment” describes the economic concerns
of thelocdlities Aslong asthe price for disposing the separated materid is lower than for
burnable materid, thereisardative profit in the locd recycling program. As the number of
recyding streams increases, the operating cost devates for collecting the various separated
materids. Therefore, the rdaive profit from the recyding program decreases and the
willingnessto invest in loca capacity decreases aswell.

These two balancing loops indicate thet there will be an upper limit in the number of
recyding sreams, dueto limited locd capacities.

Fgure 5 captures the pricing sructure in Swiss locdities thet creates a reinforcing feedback
loop “propengity to separate increases deficit”. Thisloop describes the unintended effect of
agrowing deficit between the revenue and expenditure for svm-servicesin the period from
1996 — 2000, (see dso Chart 2). The price incentives given by the trash bag charges
increased the propengty to separate. As a consequence, the amount of materid digposed for
burning decreased relative to the amount of separated materid, resulting in lower revenue
from burnable materid. Therefore, not only the rdaive but aso the overdl profit decreases
(respectively the deficit increases). Consequently, the authorities raised the price for

burnable wagte in year 2000. This reinforcing loop indicates thet this pricing structure will

not ensure a sound solid waste management system.
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Figure 5: propensity to separate increases deficit

The next two reinforcing loops “ palicy resstance’ (Figure 6) explain, how afurther
unintended effect sabotages the local recyding program. Dueto price incentives the
citizens percelve a high profit from separating (see the lower feedback loop) and their
propengity to separate increases. Since only alimited fraction of solid wasteisrecyclable,
the citizens are tempted to put burnable materid into the recycding Sreamsin order to avoid
digposd codts. Therefore, the impurity in the separated materid increases. Asa
consaquence, the recyding indudtry is not going to acoept these materids or will charge
higher prices. Thisincreases the operating cost of the locdities and decressestherdative
profit and aso the willingnessto invest in local cagpacity for separating. Therefore the
number of recycdling streams could decrease. Given ahigh propengty to sparate, citizens
continue to put burnable waste into the recyding sreams.
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Figure 6: policy resistance

The outline of the problem and the dynamic hypothess give evidence that the number of
recycling freamsis an important stock a the locd leve. Thefollowing causal loop
diagram (Figure 7) gives areason, why the number of recycling streamsisaso acriticd
factor for development of recyding markets.

A higher number of recycling streams decrease the codt for recycling, Snce the recycling
industry gets a better qudity of collected materid. Hence it hasto invest lessin sorting
processes. Lower production cost of secondary raw materid increases the profit and
reduces the relive price of recycled raw materid. Therefore the demand for recycled raw
materid will increase. Furthermore the supply and the variety of recydable materid in
products will increase. Asaresult of a successful recyding market, not only the willingness
toinvest in higher capacity increases but aso the readiness of new recyding technologies
to enter the recyding-market increases. Therefore the number of recycdling sreams grows.
If the citizens will separate the recydable materid according to the different recyding
greams, the recyding industry will face lower recycling cogt. In this scenario the
reinforcing feedback loop will foster agrowth in the recyding market. Otherwise, higher
processing cogt from impure recyding materid will shut down the recyding market. These
scenarios will be andyzed in the modd.

Resuits of some pilot-experiments and studies about expanded recycling initiatives for
pladtic in different Swisslocdlities give empirica evidence of the stated dynamic
hypothess (BUWAL 2001).
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Effects of prepaid disposal charges

With the sm-mode not only the given development will be addressed, but dso the effect
of further policy-srategies, such as prepaid taxes. The modd will be desgned to give
indghts to the question: whet are the likely effects of other Srategies such as prepaid
digoosa charges on agrowing number of products?

Prepaid disposa charges have an important feature. For the consumer thisis ahidden price.
Therefore, the callecting service system will have afeedback sructure of non-price
mediated resource dlocation (see Sterman 2000).

A higher sarvice qudity in the collecting centers simul ates the propensty to separate.
Citizenswill bring back a higher amount of different recydable materid.
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avallability of service resourceswill

be diminished, resulting in lower

service qudlity.

Thetwo baancing loops indicate that a prepaid disposa charge can foster the separation
behavior of dtizens only to a certain limit. Once the propensity to separate tends to
decrease, the fraction separated for recyding will stay congtant on a certain equilibrium
leve, even when the number of recyding streamswill incresse.

Chart 5 represents the hypothesized reference mode that takes into account the underlying
baancing feedback structure explained in Figure 8.

Due to the balancing feedback loops the fraction separated for recycling will reach an
equilibrium postion while the maxima acceptable number of recyding sreamsfor ditizens
will be reached. Due to information delaysin the market system the number of recycling
sreams will increase further resulting in an overshoot in the number of recyding sreams
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Chart 5: Hypothesized development of fraction separated for recycling and number of recycling streams

For the time frame of this Sudy a eedy increasein the overdl amount of waste (including
both burnable and recycdable wagte) is hypothesized, which could be even exponentid. This
assumption reflects the obsarvation that solid waste generation is highly correlated with
economic growtht*. The scenario of economic growth shows the externally driven behavior
pettern. This component of the behavior pattern is modeled in asmaller subsystem thet can
be switched off. Sulbsequently, the discussed developments in the SWM-mode can be
andyzed ether with or without economic growth — scenarios. Thishelpsto partition the
messy problem in the solid waste management into macro-economicaly driven

devel opments and into policy-incentive driven devel opments (See Saeed 1992 in
Richardson 1996). One additiond chdlenge of thiswork would be, to andyze if the macro-
economicaly driven development could be influenced by locd paolicy interventions. Under
which condition could a growing green consumeriam result in solid waste avoiding

behavior (see dlso Joos, Carabias et d. 2002)'2?

M http://www.umwelt-schwei z.ch/buwal /ena/medi en/umwel tberi cht/druck/index.html (Swiss Agency for the
Environment, Forest and L andscape)
12 http:/Avww. PWaste. uni be.ch/public/Abschl ussband/inhal tsverzeichnis.html




Purpose of modeling

Themodd is designed to create a computer based learning environment or a micro world
for locd policymekersto play with their knowledge of the solid waste system and to debate
policy and strategy change (see Morecroft 1988). It can be used ase a communication tool
to enhance a debate between the different agents about organizationd structuresin the area
of solid waste management (see Schwaninger 1997). Findly it adds to the scientific
discussion about long term dynamics between ditizen choice and preferences and public
policy initiatives.

To be more concrete, the following objectives should be met:

Fraly, the modd help to discover the underlying causes of changesin the fraction
separated and the qudity of the separated materid.

Sacondly, the mode is designed to uncover and darify possible Sde effects of changesin
the price structure and of prepaid disposal charges.

Ladtly, the modd heps locd authorities dedling with mandates from the federd
government and implementing sound solid waste management policies.

The overall model structure

In order to analyze long-term effects of different locd palicy intervention atime horizon
from 1987 to 2020 was chosen. For the time period 1987 to 2001 thereis data available (see
reference modes) reveding higtoricd patterns of behavior. The time span of two decades
from 2002 to 2020 dlows experimenting with further policy options and Srategies and
andyzing their behaviord impact. The sectorsin the modd are seen from a specific
digance in order to seethe interna structure, socid pressures, market forces, and important
decison points. A ba ance between amicroscopic view that istoo psychologicd and a
telescopic view that captures an economic perspective that istoo aggregated isamed for
(see Forrester 1961, Richardson 1991). Therefore in the modd the different recyclable
materiaswill be aggregeted to one flow. However, the modd is designed to focus on the
number of different recyding streams and the effects of a change in the number.

The solid waste mode indludes the following sectors (see Figure 9):
The main sector isthe loca separation sector that is disaggregated in the following sub
sectors: the household waste separation sector, the household decision sector and the local

i d waste management sector. These sectors indude endogenoudy operating dynamics
deemed important to address the solid waste management problems and to conduct policy
andyds
The household waste separation sector includes:
- Thedifferent flows and qudities of the burnable and recyclable waste that result
from separation activities of different groups of dtizens

Theinitia amounts of different waste qudities, and recyclable and burnable
materia will be given exogenoudy but will be modified by behaviord effects.



The habits of different groups of people to digpose their waste and factors thet lead
to changesin habits (i.e. changesin rddive prices and the number of recydling
dreams).

The household decison sector will describe:

What factors influence the decison of people to become willing / unwilling to
separate the recydable materid?

What influences the willingness to spoend time or money on waste separation
activities?

Thelocd policy sector / 0lid waste management sector includes:

The devdopment of municipa budget for solid waste management under different
policy options
Capacity building processes and the effect of abacklog of separated waste,

Furthermore basic sructures of the recycling sector, the supply sector and the incineration
sector are designed in ahigher aggregation representing the development of recycling
markets. In these sectors capacities, prices and changes in number of recyding sreamswill
be computed. Thisinformation will be tranamitted into the local separation sector.

Some aggregated information about the impact on the environment of incineration and
recyding activities and of the exploitation of raw materid from the supply sector will feed
in the household decison sector. The income per capita and the populaion are given
exogenoudy. Some time delays due to unavailable and ddlayed information will occur &
different decison points such asin capacity adjusment processes influencing the sysem
behavior (see Chung 1992).

Figure 9: Overdl modd dructure
(see end of paper)



Possible local policy options

For forecadting, different policy srategies will be designed that are characterized by specific
“bundles’ of parameter vaues.

“Business as usual policy”

The“busnessasusud palicy” represents the actud policy and is Smulated in the base run. This
scenario forecadts the devel opment of the amount of waste and the solid waste management budget
in the municipdity without new interventions. This scenario congtitutes the base run. The pricesand
the number of recycling sreams will be held congtant after 2000.

“ Environmentally ignorant policy”

In this srategy, the main god isto minimize the disposd cost. No spedid incentives for households
are given. The specific parameters are: hidden prices for recyding services, lower sarvice qudity
resulting in higher time codts for separating, constant or fewer number of recyding sreams, lower
garbage bag prices, lower budget for solid waste managemernt.

“ Separating policy”

The“separating policy” amsto offer convenient (time saving) collecting sarvices for households
resulting in ahigher budget for solid waste management. A high number of recyding sreamsis
offered in order to collect a high quaity of recydable materid. Thereis probably atrade off

between minimizing the time for sgparation behavior and enlarging the number of collecting
Sreams.

“Waste avoidance policy”

In this drategy, the loca authorities aim to show the red cost for collecting services and they would
spend more money into educationd programs. This srategy implies the following parameter
changes higher budget for solid waste management, more investment in local service capadity, a
trangparent price sructure (no taxes), prices for collecting separated materid. Probably this Srategy
would show a“first worse before better” behavior.

The Solid Waste Management — model

This section firdly describes existing modd partsin depth and secondly gives an overview of modd
partsthat are gill under congruction. Since the concept of propengty —the propensty of citizensto
Separate - seemsto be crudd for the success of recyding programs, it will be modeed explicitly.
Therefore aspecid weight is put on the formulation of the decison process guiding ditizens
behavior to separate.

In the feedback theory about human behavior and public policy (Kaufmann-Hayoz, Béttig et d.
2001), contextua and persond factorsin adecision making process are emphasized. Thereforein
the SWM-modd, interactions between contextud and persond factorswill be addressed. Hidden
attitudina stocks in the system can creste adgptation delays leading to unexpected system behavior



and unintended consegquences. Elements of the attitudind structure will be represented in the
household decison and the household separation sector.

Designing propensity to separate: The household decision sector

Citizens digposd behavior is seen asaroutine behavior and not as a planned behavior. In
Forrester’ s term this would be called an informd policy. “... But mogt guiding polices are informd,
dthough fully asinfluentid. Informd policy results from habit, conformity, socid pressure,
ingrained concepts of gods, avareness of power centers within the organization, and persond
interes” (Forrester 1994:58).
This assumption suggests that people decide once whether to separate or not. Once they have made
this decison, they set anew routine, resulting in new separating habits (see aso Dahlsrand and Bid
1997). Thisimplies that there are two main groups of dtizens agroup of people “willing to
separate’ and agroup of people “not willing to separate’. However, in each population we can
digti ngU|sh sub groupsthat are trandents (see Figure 10):
In the group “ people willing to separate’ there are some inexperienced people —they will
show alower separation performance than the experienced ones. But asthey learn to
separate they will move into the stock “experienced peopl€’. The “timeto learn” determines
how long thistakes.
In the group “people not willing to separate’ there are experienced people that got
disgppointed from separation consequences. The “ experienced people not willing to
separate’ will move into the stock “inexperienced people not willing to separate’ as they will
forget, they are changing their separation behavior and set up asmpler routine behavior. The
“timeto forget” calculates when these people will move on.

Figure 10: Changesin citizen' swillingness to separate
(seeend of paper)

The flow between the two groups of people “willing to sparate’ and “not willing to separate’ isan
important decison point in the sysem. Therefore, its decison rule determining the rete hasto be
precisaly determined (Forrester 1961, 1994, Sterman 2000). The god would be to formulate the
decison rules with sufficient accuracy in order to gain ingght into how people respond to different
circumgtances, pressures and policy interventions. Following Forrester (1994) theam isnot to
mimic aprocess of planned behavior. He suggests a process of seeing governing palicies rather than
individud decisons

The decison to separate is influenced by the socid norm to separate, the time cost of separating, and
red codt for sparating. The decison to become unwilling isinfluenced by dternative cost such as
time cogt and red cost for burning and the socid norm for burning. In a further advanced verson of
the modd, factors such as “perceived policy efectiveness’ and “knowledge’ will be included in the
decison function. The information about the decison cues (eg. time cod, red cog, later onthe
perceived policy effectivness) comes from other modd sectors. In the following part some
psychologica assumptions are described.



Some psychological assumptions

The decison rule gpplied is based on some psychologicaly grounded assumptions (L atané 1981,
Ciddini, Reno et d. 1990, Hopper and Carl-Niesen 1991, Reno, Ciddini et d. 1993, Moder 2000,
Moder, Gutscher et a. 1996, Black, Stern et d. 1985). In the following paragraph they will be made

expliit and explained.,

Social norm

The perceived socid norm for
segparding is afunction of the
fraction of people “willing to
segparate’. An increasing fraction
of people “willing to ssparate’ in
the municipdlity, will generate a
stronger norm to separate,
resulting in a higher number o
people “willing to separate’. In
the decison function thisidealis
represented in a non-linear
function (see Chart 6). Given the
obvious“digposd - or
environmentd problems’ it is
reasonable to assume thet a
amd| “normd” fraction of
people will becomewilling to
Sseparate even when they
percaive no or only aminimd
socid norm to do o.

baserun

Maximal fractional rate

z fractiond rate . -~
»becoming willing*

from social norm

separating (0.2 per year)
Normal fractiona rate
»becoming willing"
01 (0.1 per year)
0 0.50 1

Perceived fraction social norm separating

Chart 6: Fractional rate from social norm separating

Thenormd fractional rate “people becoming willing” is assumed to be 10% per year, resulting ina
doubling time of 6.93 years™ reflecting the maximal diffusion delay (ceteris paribus). The fractiondl
rate will increase when nearly 50% of the populaion generates a socid norm to separate. When
nearly dl the population iswilling, amaximd fractiond rate (0.2) will be reached. Thisvaue
computes the minimd diffuson delay in the populaion (doupling time 35 years).

The s-shape of the rdationship reflects the assumption thet first people that are easy to convince will
become willing and later on those thet are harder to convince.

13 Doubling time = In(2)/fractional rate “becoming willing” (see Sterman, 2000:269)



Acceptabletimeto separate
The willingness to spend time for
Sseparating isafunction of the
perceived socid norm to separate.

baserun

z acceptabl e separating time

It is assumed that people have a 1

maximal acceptable time, they are

willing to invest in seperating 0.75

activities However, thistime

would be lower, if the social norm 0.5

to separate islow. Chart 7 shows 0.25

this relationship and discounts the '

maxima acogptable time (y-axis) 0

when the socid norm to separate 0 0.50 1
goes down (x-axis). '
Acceptable separ ating cost -X-

The graph “ acceptable separating
time’ is basad on the same
assumption as the concept of
acogptabletime. Themaximd
recycling cost that people are
willing to pay, will be discounted,
asthe socid norm to separate will
decrease.

Effect of time cost separating
Thegraphica converter “z effect of
time cog separdting” computes the
effect of thetime cost on the
diffuson process (see Chart 8). The
effect of time cost is normalized,
when “time spent for separding” =
“acceptable time for separating”; the
graphica function passesthe
reference point (1,1). If thetime
cod isvery low the diffuson
processwill be accderated to a
maxima vaueof 1.5. If the
required time spent for separating
(TSS) istwice ashigh asthe
acceptable time for separating
(ATS) the diffuson processwill be
stopped.

Chart 7: Acceptabletimeto separate

(X-axis: perceived social norm to separate, Y -axis: discount in percent of the

maximal acceptable time)

z effect of time cost separating

No effect on diffusion
fromtimecost (1,1)

Low time cost
will acceleratethe i
J.diffusion process | ME......cemeimemmmnnnssien
To high time cost
will shut down the
diffusion process

1
TSS

ATS
Chart 8: effect of time cost separating



Effect of separating cost

The grephica converter “z effect of separation cost” would calculate the effect of some prices for
separating sarvicesin asmilar way asthe converter for “z effect of time cost separating” described
above.

Decision rules

The“fractiond rate becoming unwilling” isformulated in asmilar way as the “fractiond rate
becoming willing”, but the dternative burning and time costs and a socid norm to burn will
determine therate. A multiplicative formulation of the three decison rules “fractiond rate from
socid norm”, “ effect of time cost separding”, and “ effect of separation cost” will be used Snce any
extreme vaue in each of them can dominate the other effects aswdll as one effect can aso renforce

another.
Fractiond rate becoming willing = “fractional rate from social norm” * “effect of time cost separating” * “effect of
separating cost”

However it is assumed that the two stocks “ experienced people willing to separate’ and

“inexperienced people not willing to separate’ will never get to zero. There will dways be afraction
that will not change its behavior. This design would represent people with strong beliefs, people thet

just do not see any profit, or thet are over occupied by separating.
The household waste separation sector

In the household waste separation sector, four different qudities of waste will be computed. The

waste generated congdts of recyclable materid (A-waste) and non-recyclable materid (B-waste).
Therefore, the people have four differert action choices to digpose the waste (see Figure 11).

A: Therecydable materid can be gppropriately separated (A1) or can be digposed for burning (A2).
B: The nonrecyclable materia can be digposed for burning (B1) or it can be ingppropriately
separated (B2) (generating impure and more expensve recyding meterid).

Fgure 11 explains, how the different qualities of waste are computed.

Figure 11: Action choicesfor disposing the waste (wep: willing experienced people)
(see end of paper)

The per capitawaste generation for dl four groupsis
assumed to be the same over the years and will be

. Waste per capita 339,0 kg/person/year
held constant: 339 kg/personfyear (based on redl data Waste put for incineration 247,6 kg/personlyear
1987, Table 4). ] - Waste separated 91,3 kg/personlyear
Thered dataof the different waste qualities “wadte
put for incineration” and “wadte separated” reflect an Table 4: red data 1987

average system performance and amixture of Aland
B2, respectivdly A2 and B1 waste qudlities.

However in the modd it is assumed that the four different groups of people have different disposal
habits, generating different amounts of the four waste qualities



Cha't 9 I | |lﬂra6 the Intial values 1987

assumed waste composition .
of the four groups of pecple. o o ————
The compositions are B " . S———|
calibrated, based on data of N
generated waste per capitain " " N
1987. o . or i
50%
20% 1258
100 190
20
» AL "n disposed for burmngl B1 nonrecytc)ﬁg:s ;\sposed for B2inappropriately separated
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Chart 10: Contribution of the four groupsto the different qualities of waste (model
data1992 baserun)
The different amounts of each group ad Model output 1987 Initial amount
qudity are added together and the fraction _ of waste
separated can be computed (Teble 5). The iggl 21nr:1(c))lljjrr]1ttsd(i)ggf¥;2§?or burning g 25? l\'\:lI ll:ggzirr
model is cdibrated to the red detain 1987. Total amount separated 997 M kglyear

Table5: Model output 1987 cdibrated to thereal data 1987
As the people move from one group to the other the total amount of separated materid will change.
The disposal habits of the group “inexperienced people not willing to separate’ are influenced by the
relative price burning cost to separating cost. The separation habits of the “experienced people
willing to separate’ are influenced by changes in the number of recyding sreams



Local separation sector

In the following section an overview of the three main capacity building sectors will be given,
indluding the loca separation sector, the recyding sector and the production / supply sector. This
mode part is il under congruction (see Fgure 12).

In an abdtract sense, the average propensity to separate can be seen as the cgpacity of the ditizensto
separate the recydable materid. This cgpacity and the local capacity to collect the separated waste
will determine the flow “ separating recyclable materid by households’. Three feedback loopswill
determine the rate “ separating recycable materid by households’. Asthe backlog “ separated
recydable materid in locdities waiting to be recyded” increases both rates * cgpacity building for
separating” and “ separating recydable by households’ shut down. However an increasing demand
of separated recydable materiad promote the cgpacity building process. In dl of the three different
feedback processes there are both information and capacity adjusment delays, leading to an ungtable
system behavior and inefficendies.

Recycling sector

The same underlying sysem-structure affects the rates of flow in the recycling sector. Asthe
backlog “ recycled raw materid waiting to be turned into goods’ increases, less materid will be
recycled and less recyding cgpacity will be built. However, an increase in demand for recycled
meateria will increase the “ cgpacity building for recyding”. Asaconsequence of anincreasein
cgpacity building, the number of recyding streeamswill increase, too.

The Production and Supply Sector

In this sector again, the same system structure will be modeled. The backlog “recycable meterid in
goods waiting to be separated” will be computed by the average amount “ recyclable digposed for
burning” (A2-waste from the separation behavior sector). A higher demand of recyclable materid in
products by households increases the cgpacity for processing recycled materid. The *actud amount
recyclable materid” computed in the household sector will measure the “demand of recyclable
materid in products by households’.

Thisoverview of the modd sructure darifies the hypotheszed reinforcing feedback loop
“trgp/chance recyding market” presented in Figure 7. Furthermore, it explainsthelink of the “loca
separation sector” to “the recyding sector” and “supply sector” determining the devel opment of
recycling markets. Price Sgnas and the perceptions of backlogs will adjust the capacity building
processin dl three sectors. Different cgpacity development scenarios will be smulated. Itis
expected that delays lead to undesired effects such as over-invesmentsin cgpedty building in the
different sectors. Furthermore this structure shoud aso help to understand the trade off between the
maxima cagpacity to separate of citizens and the cgpacity development in the recyding sector.

Figure 12: Conceptual overview: Effects of Demand and Backlogs on capacity developments
(seeend of paper)



Model behavior

FHra smulaion runs show the dynamic of the modd- structure representing the propengty to
separate. The base run describes the mode behavior with the actud policiesin place: an increasein
number of recyding streams and an increase in the price for a garbage bag in 1991 and 2000—(In
Graph 1 and 2 the historicd data are adjugted to a three median smooth). The smulated fraction
separated and burned dosdly tracks the smoothed redl data (See Chart 11 A). Thereisaclear trend
of gowth in the fraction separated. Based on the historical growth trend the model dataforecast a
further increase in the fraction separated till it seeks equilibrium a 53%.
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fraction separated : baserun Dmnl

Chart 11A: Fraction burned and separated (Base run)
(Line 1 and 2 are three median smoothed real data)

The dynamics are cregted by the flow of people respectively by changesin the number of the four
different groups of people willing / not willing to separate. Chart 11 B shows adear increasein the
number of “experienced people wiling to separate’ beginning in 1991, and a decrease in the number
of “inexperienced people nat willing to separate’.
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Chart 11 B: Number of the four groups willing / not willing to separate (Base run)



The outcome of the current policy is described in terms of “total amount appropriately separated”
and “tota amount ingppropriately separated”. Chart 11 Cilludtrates an increasing trend in separated
meaterid. However, the price incentives lead to a sudden increase in the amount of inappropriately
separated wagte in 1991 and in 2000. But the decreasing trend in the number of “inexperienced
people not willing to separate’ reduces this amount over time to aequilibrium level. The gap
between recyclable materid and the gpproprietely separated materia decreases, resultingina
smdler congtant gap.
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Chart 11 C: Total amount separated waste (Base run)
First policy tests

To gain further confidence in the mode and to test its relevance, firg policy tests were conducted.
Since the base run explains the higtorica behavior pettern with the policy in place, the modd can be
used as alaboratory to address the question: What would have happened if other policies had been
chosen? Three dterndive policy experiments— a steady state policy, and two dternative separating
policies- give someindghtful answers

“ Seady state policy (do nothing)”

In this drategy, there are no price incentives (no garbage bag prices) and no changes in the number
of recyding streams. Therefore, the amount of recydable materid in the waste does not change over
time



Charts12 A-C: portray the dynamics of the seedy
date policy: the fraction separated Sayson a
condant leve. Over time only dightly more
people become willing to separate. The totdl
amount of separated waste says nearly the same.
Further more there is a remarkable gap between
“tota amount gppropriately separated” and tota
amount recycdlable materid” indicating alow
policy compliance (Chart 12C).

However this palicy result isvery sengtive to
parameters changes. The modd parameters
operate near atipping point —that means that
different policy outcome would be possible
depending on which loop dominates the diffuson
process (people getting motivated or people
getting disgppointed).
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Chart 12 B-C: Impact and outcome of steady state policy*

Giving price incentives’

In this palicy only price incentives to separate were given. Since 1991 the people have to pay aprice
per garbage bag. 1n 2000 the price increased by nearly 100%. The amount of recycdlable materid in

the waste remains congan.

According to Charts 13 A-C, the policy increases
the fraction separated dightly till it seeks
equilibrium around 38%. Over time nearly dl the
people become willing to separate. Thetota
amount separated finds equilibrium a ahigher
level. Due to the price incentives, the amount
ingppropriately separated peaks around 1991 and
2000 and decreases gradualy to alow stable
leve.

Furthermore, the gap between the recyclable
materia and the appropriately separated materia
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decreases and then it becomes congtant.
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Chart 13 A: Fraction burned and separated (Giving price
incentives)

WASTE SEPARATED

2 M kgl/year
60,000 kgl/year

1.4M kglyear

30,000 kgl/year T  —
/ i il i
800,000 kg/year [T
0 kgl/year
1987 1993 1999 2005 2011 2017
Time (year)

total amount appropriately separated : chg in pricé ——s— 4 4 kglyear
total amount recyclable material : chg in price kglyear
total amount inappropriately separated : Chg in Price  eumm—m———  kg/year

Charts 13 B-C: Impact and outcome of giving price incentives

“ Growing number of recycling streams’

A growing number of recycling sireams both creates more recyding opportunities and also increases

the amount of recycdlable materid.

Charts 14 A-Cillugrate adight increasein the
fraction recycled between 1987 and 1993. And
after 1993 the fraction dtartsto decrease dueto a
sharp increase in people becoming unwilling to
separae. The amount gppropriately recycled fals
below itsinitid vaue and the amount
ingppropriately recycled will incresse asthe
number of people unwilling to separate increases.
The compliance gap increases. Here again, the
model parameters operate near the tipping point.
A higher maxima acoegptable time for recyding,
could lead to an opposite policy outcome.
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Policy lessons learnt

The overview of the policy-experiments (see Table 4) shows that the combinations of price policy
and offering more recyding streams gives the best outcome concerning the fraction separated
However, this policy results aso in two unintended consequences. On the one hand the price
dructure (garbage bag charge) leads to a deficit in the solid waste management budget. This deficit
isaresult of aninternd feedback dructure that is explained in the dynamic hypothess (Figure 5),
but not yet captured in thismodel verson. Furthermore, once a price incentive is shown to cregte a
clear gain for citizensto separate, afurther increase in the price does not show any remarkable effect
on the fraction separated. Moreover, it even worsen the qudity of the separated materid. Citizens
not willing to separate might try to avoid the digposd cost by putting un-recyclable materid in the
recyding streams. However, this effect will be attenuated since more people will become willing to
sepaate.

A further ingght from smulaing dternaive policy optionsis relaed to the question: Which cuesdo
we use to obsarve the policy performance? A glimpse on thefraction separated of the three
dternative policies could tel usthat there is only asmadl difference (the fraction separated stays
reldivey low in dl three dternative policy-experiments, between 23- 38%). But the Smuldion runs
of the modds highlight thet there are important differencesin the impact and outcome of each
policy. Only the experiment “burning gets expensve’ will show arobust policy impact getting
people moativated to participate in recyding programs and improving the outcome. Conversdly, due
to the tipping point the two experiments “do nothing”, and “more tasks’ can either motivate/
disgppoint or overwhem the ditizens, resulting ether in aworse outcome (with less materid
appropriately separated) or in adightly better outcome (see Table 4).

Policies | Combination Do nothing | Burning get | More tasks
Price, streams | No prices, no | expensive More streams
chg streams | Price
(Tipping point!) (Tipping point!)
Results
Reference Frac separated Frac separated | Frac separated | Frac separated
mode
27 ->\ 2 -\
-> A -> A
Impact Citizens get Citizens get Citizens get Citizens are
Citizens motivated disappointed motivated overwhelmed
Outcome Amount app. Amount app. Amount app. Amount app.
Amount separated A 2 separated W A | separated A separated W 2
and quality |Qualty N Quality Quality N Quality N
(and deficit & (and resistance)
resistance)

Table 4: Overview policy tests




Paying with the modd shows us that the outcome of an increase in the number of recyding sreams
depends on the number of people willing to separate. If there is dready a certain socid norm to
Sseparate in acommunity, the effect of an increase in the number of recyding sreamswill increese
the amount of separated materia. Conversdy, in acommunity with alow socid norm to separate, an
increase in the number of recyding sreams can overwhem the people, resulting in even less
aopropriately separated materid. The effect of an increase in the number of recyding sreams
depends nat only on the socid norm to separate, but aso on the overal willingnessto invest timein
separation. The upper limit indicates amaxima capacity to separate. Thisinterpretation of the
obsarved tipping point in the modd behavior suggest that in the long run a successful separation-
Srategy hasto be sendtive to the number of recycling sreamsthet are offered. The important
information isthe potentid capacity of the ditizensto separate but aso the potentia capacity to
separate in the recyding sector. The latter will depend on the market development and the former on
the socid norm to separate and the maxima willingnessto invest time in separation activities These
ingghts arein line with findings of an entropy-theoreticd discusson of waste management (Ulli-

Beer 2000) but dso with some indghts from computer based Smulations of theories about
environmental behavior (Moder, Gutscher et a. 1996).

In sum the modd gives evidence of the superiority of amixed srategy, mativating dtizensto
participate and offering adequete opportunities. While only trying to motivate atizens, contextua
factures could condrain their intention to separate. Smilarly, if the focusis only on improving
contextud factors, persond factors (such as alow willingness to spend time on separating) could
inhibit the success of the paolicy initiative. However, the Sde effects of an extringc mativation
(giving price incentives that resultsin higher impurity) can be harmful for the overdl recyding
intiative. A high impurity can become atrgp for the recycling market. Therefore the chdlenge for
locd authorities would be to find policy srategies that helpsto build up an intringc mativetion to

separae.

A further obsavationisthat in dl policies, there remains agap between the amount of the possble
recyclable materiad and the amount appropriately separated. The width of the gap can be interpreted
as the compliance to separate. It depends not only on the number of people willing to separate and
on other factors such as learning processes, changes in habits, and the design of the products but aso
on theindolence of people. The smulation runsillugrate that there will never be a 100% separation
compliance.

Theingghts about a maximal separation compliance and amaxima separation cgpadity gives
evidence that sructurd dementswill condrain the overdl possible propensty to separate at the

locd levd.

Conclusions

Thismodding project isstrongly guided by a feedback pergpective on human behavior and policy.
This pergpective influences the modd design in two ways.

Frdly, it hepsto focus on “hidden” persond factorsin a system. The theory emphasizesthe
exigence of such factors, and helps to reflect onthe nature of those concepts. It gives an ideahow
they affect the system and hdps to design them in the modd. Digposa habits of a group of people
can be measured in the amount of gppropriately separated materia. An overd| propengty to



separate is determined by different behaviora habits of groups of people. Observed changesin the
propensity to separate indicate changesin behaviord habits of people, leading to a differently
sructured society with new socid norms. Furthermore, thisline of thinking sharpensthe focus on
processes, explaining

how contextud factors and persond factors interact with each other and

how they influence the decison points and

how and where they affect the Sate of the system.
Likewise, the System Dynamics modding gpproach underscores this thinking discipline by focusng
on the “physcs of the sysems’. Conversdy the decison rulesin the modd are only based on
avalable information about the sate of the sysems, representing the theory thet thet the rate of
chenge can only be controlled by perceived cues.

Secondly, the feedback theory about human behavior and public policy aso guides the seerch for
possble intervention points in the system. With the picture in mind that interventions can affect both
personal and contextud factors, different intervention srategies can be designed. Policy
interventions aming to motivate citizens to participate in sparation activities, will be different from
policy interventions that am to improve separation habits of inexperienced but willing people.
While the theory illudrates different intervention points the Sysem Dynamics modd hepsto
differentiate those and aso gives an understanding about the dynamics and effectiveness of
interventions.

To conclude, complementary ingghts can be gained in the process of goplying thetheory ina
Sysgem Dynamic modd.

However, these are only firgt conclusions. The mode has to be developed further and has to endure
and pass different tests of logicd coherence, and structurd and behaviora correspondence. To
become useful for the locd decison mekers, they have to gain confidence in the modd ; the structure
and the behavior must make sense to them. Furthermore the modd must be found useful to address
the problems at hand. In order to address these requirements, further workshops with expertsin the
area of s0lid waste management will be arranged. A firgt feedback from the gatekeeper and
representatives of the model audience* was very encouraging. It was related to the relevance of the
problem statement and the modd assumptions.
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