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Foreword

This report is an outcome of The Implementation of EU Environmental Policies: Efficiency

Issues (IMPOL) project. The IMPOL project involved four research institutes (CERNA,

Ecole des Mines de Paris, SPRU – Science and Technology Policy Research University of

Sussex, CSTM, University of Twente, UFZ Leipzig-Halle) and was funded by the European

Commission's DGXII under its Environment and Climate Programme (contract ENV4-

CT97-0569) and national institutions (including ADEME, the French environmental

agency). As its name suggests, the project concerned the implementation of EU environ-

mental legislation. It sought to answer questions such as:

– Does implementation result in the attainment of the environmental goals set out in EU

Directives?

– How does implementation affect the cost effectiveness of a particular environmental

policy?

The core of the project consisted of the ex post evaluation of the implementation out-

comes of selected pieces of EU legislation in four Member States (France, Germany, the

Netherlands and the United Kingdom). Three cases studies were evaluated: Directive regu-

lating emissions from existing domestic waste incinerators (89/429); the Directive on

emissions of SO2 and NOX from Large Combustion Plants (88/609); and, the Council Regu-

lation on the Eco-Management and Audit Scheme (1863/93) or EMAS.

IMPOL research reports are available at      http://www.cerna.ensmp.fr/Progeuropeens/IMPOL     .

For further information, please contact:

Matthieu Glachant

CERNA - Ecole des Mines de Paris

60, boulevard Saint-Michel
F- 75272 Paris cedex 06

Tel: +33 1 40 51 90 91
Fax: +33 1 44 07 10 46

glachant@cerna.ensmp.fr
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1. Introduction

Within the context of the IMPOL1 project several fields of European environmental pol-

icy are studied on aspects as national implementation and environmental and efficiency

outcomes. For the IMPOL project a case study was done on the transformation of the

Dutch sector of domestic waste incineration in the context of the European Directive Di-

rectives 89/369/EEC and 89/429/ EEC. The case study was done and indicators for

environmental effectiveness, allocative efficiency, productive efficiency and administrative

costs were chosen in line with a document to coordinate the efforts in the four IMPOL-

countries (Lulofs, 1999)2.

The European Directives 89/369/EEC and 89/429/ EEC regulate Plants for Domestic waste

Incineration on the emissions of several pollutants. These emissions are relevant for air

quality in general, acidification and the spreading of toxic substances. In the empirical part

of this report emphasis is laid on "existing" incineration plants, being permitted before

1990.

In chapter 2 of this report the implementation of the directives 89/369/EEC and

89/429/EEC in the Netherlands is described. In section 2.1 already existing "older" Dutch

policy and regulation is presented. In paragraph 2.2 the integration of the European Direc-

tives into Dutch national law is described. In chapter 2.3 the efforts and outcomes on

monitoring and enforcement are presented.

Chapter 3 goes into the environmental effectiveness.

Section 3.1 describes the abatement performance of the whole municipal waste in-

cineration sector during the period of research. Section 3.2 goes into factors that explain

the environmental outcomes. Within the IMPOL research-team the decision was taken to

concentrate on a number of pollutants of existing waste incinerators. In section 3.3 the data

for the existing incinerators are given.

In chapter 4 the allocative efficiency of adjustments is elaborated.

In section 4.1 the abatement patterns of existing municipal waste incineration plants are

presented. These data are compressed into indexes in section 4.2. In section 4.3 the cost-

                                                
 1 In full: The Implementation of EU Environmental Policies: Efficiency Issues, funded by the European
Commission DGXII, Fourth Framework Programme: Environment and Climate / ENV4-CT97-0569.
 2 See for this guiding document Annex 3.
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characteristics of abatement in the existing incineration plants is elaborated. In section 4.4

the abatement patterns and cost characteristics are matched.

In chapter 5 the freedom to choose between alternatives to meet the limits is discussed.

Next to that the informational and financial events that influenced decision-making are

presented. In chapter 6 an assessment of administrative costs is given for governments and

plants. Finally in chapter 7 some summarizing conclusions are drawn.



Adjustments in the Dutch domestic waste incineration sector Kris Lulofs

Research Paper 2000-B-6 6

2. Implementing directives 89/369/EEC and

89/429/EEC in the Netherlands

The implementation of European Directives 89/369/EEC and 89/429/EEC in the Nether-

lands was done with very little effort. The content of the European Directives 89/369/EEC

and 89/429/EEC were of very little impact compared with the Dutch policy and Dutch

regulation in use when 369 and 429 were issued. This will be elaborated in section 2.1. The

existing policy and regulation is crucial to understand the Dutch Directive Air-pollution

Waste Combustion by which the European requirements were integrated into Dutch law.

The formal implementation of the European Directives 369 and 429 into Dutch national

law is discussed in section 2.2. In section 2.3 the monitoring efforts and outcomes are de-

scribed.

2.1. Dutch policy and legislation existing when 369 and 429 were issued

The small importance of the European limits for the Dutch waste incineration sector is il-

lustrated by a comparison between the European limits and the older Dutch Guideline

Combustion 1985 and the Dutch Guideline Combustion 1989. In the next parts we go

somewhat more into the explanation of the limits set in the Combustion Guidelines 1985

and the Combustion guideline 1989. Other factors than the preparation of the European

Guidelines take the lead in the description of events in the incineration sector:

2.1.1 Before the Guideline Combustion 1985: the years of indiscriminate regulation

A Guideline like the Guideline Combustion 1985 had to be translated into the permits of the

incinerators before legal consequences were passed on to the incineration plants. The

provinces are the authorities that have to do this job. Their work is under the supervision of

the Environmental Inspectors, basically the Inspectors are a part of the organization of the

central government. Bad experiences were gained before the Guideline Combustion 1985

was issued. These experiences concerned the work of the provincial permitting authorities

that had a lot of discretional room. In principle every province made their own rules for

domestic waste incinerators. Little knowledge was present. A lot of conflicts broke out be-

tween the permitting province and the incinerator for domestic waste. The provinces did

try sometimes to be strict but they very often didn’t have enough power to succeed. It is

important to realize that incinerators were and very often are owned by municipalities and
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other governments. The need for unification and coordination of regulation and strength-

ening the position of provinces as permitting authorities was strongly felt. Certainly

environmental incidents did play an important role while preparing the Guideline Combus-

tion 1985:

2.1.2 Preparing the Guideline Combustion 1985: Actors and factors involved

In 1976 the Seveso incident initiated in the Netherlands new research on the issue of

sources of dioxins. Strange enough a Dutch commission published in 1977 a report in which

was concluded that there was no reason for stricter air pollution abatement (SVA, 1977).

The director of the department of process-emissions of the Ministry of Environment ex-

plained this by a large power basis of the incineration sector in the commission (Wacque,

1990). Soon after this report was issued, it became clear that waste-incinerators were re-

sponsible for a large part of the emission of dioxins. In Dutch parliament questions were

asked about incineration in relation to dioxins in 1979. In the early eighties the central

government was very unhappy with the provinces and started preparing emission limits. A

small research once again indicated serious emissions of heavy metals, mercury, cadmium

and dioxins (Second chamber of parliament, 1983-1984, nr. 18319). A technical research

on the possibilities of pollution abatement was performed (Haskoning, 1984). The study

concluded that stricter limits were achievable. These conclusions led to the Combustion

Guideline 1985. By this guideline only new incinerators were regulated. The government

was afraid that the costs of living would rise too much if existing incinerators had to meet

the same requirements. The task to deal with the emissions of existing incinerators was left

in the hand of the provinces that implemented the permitting authority.

A Guideline as the Guideline Combustion 1985 has legal consequences. The permitting

authorities have to integrate the demands into the relevant permits, having some discre-

tionary space. For the actual emission limits set in the Guideline Combustion 1985, see

figure 1. The permitting authorities had to give a sound reasoning if they want to deviate in

their permits. Especially in the case of stricter limits the system of administrative justice

could be hard to tackle for the permitting authorities. Mostly without success because the

management of the existing incinerating plants were successful in using the system of ad-

ministrative justice to prevent stricter limits. The environmental groups were not successful

in using the same administrative justice system to enhance stricter limits on existing incin-

erators (Wacque, 1990).

2.1.3 Preparing the Combustion Guideline 1989: Actors and factors involved

Meanwhile simultaneous processes in Germany and Sweden led to strict limits and emission

pollution abatement equipment around 1986. Soon after the Guideline Combustion 1985
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was issued it became clear that it was by far not strict enough to require state-of -the art

technology. Soon the preparation of a new Guideline started. In 1988 concepts were already

presented. Points of reference were the German limits. The Germans did however not have

limits on dioxins. When the Guideline Combustion 1989 was prepared, a lot of research

into the emissions of the incineration of waste was already finished. It was the period of

growing awareness of environmental effects of waste incineration and the endangerment of

human health nearby incineration plants. It proved that incinerating domestic waste was ac-

companied by significant emissions, some of them being toxic and an endangerment of

human life. Heavy metals, Organic Compounds and PCDD’s and PCDF’s were especially at

stake (Second Chamber of Parliament II, 1988/1989, no. 18319). Nearby incineration

plants raised concentrations of dioxins were found in the surface.

In 1989 it became public that traces of dioxins were found in dairy products made out of

milk of cows that grazed in the Lickebaertpolder. The causes were malfunctions in a waste

incinerator. Measurement of emissions at three other incinerators in the Netherlands

proved in 1989 emissions that varied from 1,5 ng/m3 TEQ to 25 ng/mg3 TEQ (Sein, Slui-

jmer and Verhagen, 1989). It became plausible that people living near the incinerators

would absorb too much dioxin by eating dairy-products. Therefor the concentration of di-

oxins in milk produced near incinerators was measured. Selling this milk and dairy products

produced from this milk was forbidden immediately. New and rigid regulation was prepared

and four out of twelve incinerators were closed down because they could not comply to

these standards.

The influence of a growing environmental awareness in general

The years 1985-1987 was the period in which the World-commission on Environment and

Development (widely known as the “Brundtland Commission”) prepared the report “Our

common future” (1987). Parallel an in depth-study was done on the Dutch situation and the

outcomes were as pessimistic as they became influential. This comprehensive inventory

with explorations for the future was done by the National Institute of Public Health and the

Environment (In dutch: Rijksinstituut voor de Volksgezondheid en Milieuhygiene, in short:

RIVM). The RIVM studies and reports on the state of the Dutch environment. The report

of the RIVM was published in 1988 and had huge impacts. Environmental affairs became

real issues in politics and in the public opinion. The report can be qualified as the most im-

portant driver for the innovative and far reaching first integral National Environmental

Plan that was issued on May, 25 th 1989. The plan was issued by four Ministers: The Minis-

try of Housing, Physical Planning and Environmental affairs, the Ministry of Economic

Affairs, the Ministry of Agriculture and Fishery and the Ministry of Traffic and Water

Management were involved. The focus was shifted from a sector approach (water, air, and

surface) to an integral approach. The target group policy was introduced. With target
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groups distinguished such as the industry, the power-sector, agriculture, consumers, waste-

sector and traffic. A really ambitious agenda for change was formulated in the first National

Environmental Plan.

How big "environment" as an issue was at that time can be understood even better when we

go a bit into political developments at that time. The Minister of Environment did present

the first National Environmental Plan as an outgoing minister. The cabinet fell while an-

ticipating the first National Environmental Plan. In order to pushback traffic and pollution

by traffic, the tax regime should be changed. Traveling expenses for commuter traffic were

going to be made less tax-deductible. The members of parliament did not support this initia-

tive of the cabinet. The cabinet was “conservative/Christian-liberal” coalition. The minister

of Environment was also a liberal.

Elections were held and the electoral contest was dominated by discussions about how to

reach for a more sustainable society. The liberal party did suffer for its little environmental

friendly policy. The new cabinet was a coalition of the conservative Christian party and la-

bor party. The formation of the cabinet was under constant time pressure. The general

thought was that “there was not time to spill given the important issues at stake that had to

be taken care of”. The impact of the study of the National Institute of Public Health and

the Environment was later once again recognized: such kind of study is know done every 2

years.

Important topics on the political agenda were environmental unfriendly priority substances

and substances that stimulate acidification. It was also the period in which awareness grew

about the effects of land filling in the Netherlands. Large areas including groundwater were

polluted by landfills. Soon it became clear that the surface was polluted heavily on more

than 1000 spots. The soil of complete residential areas was polluted, houses had to be pulled

down in order to fight the pollution. It also endangered the quality of drinking water that is

produced out of groundwater in large areas in the Netherlands. Of course these factors were

analyzed and integrated in the new environmental policy. Concrete, these were the argu-

ments to prepare the Guideline Combustion 1989 as far as waste policy was at stake.

Conclusions on the issue of the waste removal and waste treatment policy

Land filling was abandoned as a preferable option. As far as waste disposal is at stake, the

environmental policy aimed, in order of priority, at prevention, re-use, incineration, con-

trolled dumping. This shift required expansion of the required incineration capacity.

It also was the period when the negative effects of waste-dumps became clear. So the ca-

pacity for incineration had to be increased.
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Conclusions on the issue of the regulation towards domestic waste incinerators

The political agenda was to expand the incineration capacity in order to be able to decrease

land filling. Nevertheless the mentioned research findings on incinerators and mentioned

incidents with incinerators were also severe facts. The media were very happy to report

about this circumstantial. There was political pressure to increase the incineration capacity

as well as there was pressure to fight the emissions of waste incinerators. Very fast it became

clear that there was only one way out of this dilemma: Substantial stricter regulation on

domestic waste incinerators.

Basis for a coalition

Governments and waste incinerators did have joined interests in that. It is important to

keep in mind the fact that governments heavily dominated the waste-incineration sector.

Around 1990 governments often managed and owned the incineration plant. Today the in-

cineration plants are very often limited liability companies with a limited number of

shareholders, being mostly governments. In recent years there is a trend towards privatiza-

tion. A final feature was that waste markets were closed markets. In principle every

province had to deal with the waste that was produced in the province. There was not that

much of a free market. In fact prices for waste-treatment were deduced from costs being

made. This meant that management was not that much profit oriented. Only recently, the

European Union and the requirements of free trade have forced the Dutch government to

start opening up markets.

The process of preparing the Guideline Combustion 1989

The Guideline Combustion 1989 is issued after an intensive consultation phase. The basic

external conditions are described above. The Association of Waste Incineration Plants

(VEABRIN, nowadays VVAV) and the provinces participated in the consultation phase. In

order to be able to raise the volume of waste to be incinerated, the emissions had to be re-

duced. There was no real discussion about the necessity of strict emission limits. Discussions

were about what was attainable and what tempo was feasible. Once a producer of pollution

abatement equipment was willing to guarantee 0,1 ng/m3 on dioxins the concept Combustion

Guideline 1989 was settled. The incineration sector was not amused by some of the aspects

of the concept Combustion Guideline 1989. Totally not realistic was the verdict. The incin-

eration sector started a publicity campaign communicating that they could not accomplish

these limits. The limits for dioxins, dust, SO2, Heavy metals and Nox were debated. Despite

this opposition the Guideline Combustion 1989 was issued on august, 15th 1989, only a

month after the Lickebaertpolder affair became public. Very unlike the normal Dutch tradi-

tion of consultation, the final decisions were made very quick and not on consensual basis.
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After this date, environmental groups communicated that these limits were achievable, the

incineration sector did put a lot of effort in communicating that the limits were not achiev-

able. Provinces had some doubts. The Second Chamber of Parliament showed also some

doubts. As an initiative to settle conflicts a study and advisory group was formed: Represen-

tatives of the Ministry of Environmental affairs, the provinces and the incineration-sector

jointly worked in a working group in order to assess and coordinate the implementation of

the Guideline Combustion 1989. This group was called the “Stuurgroep Uitvoering RV ’89”.

In order to metaphorically clear the air and get into a workable situation the central gov-

ernment and the Veabrin agreed upon this initiative. In this study and advisory group the

ministry, the provinces, the Veabrin and some advisors studied several aspects and conse-

quences of the implementing the Guideline Combustion 1989.

In its final report the Stuurgroup Uitvoering RV’ 89 disputed whether the limits for dioxins,

mercury and for Nox were achievable. The minister kept on to the Guideline Combustion

1989 with the exception of dioxins for existing incinerators. The 0.1 ngr./m3 limit should

be considered not as a absolute standard but as a guide for existing incinerators, but still 0.4

was set as an absolute standard and this could not be done without obligations to reduce. For

de Nox techniques a subsidy of 39 million guilders was granted. The Nox limit itself should

be achieved at 1/1 1995 with some possibilities to weaken for existing incinerators (Stuur-

groep Verbranden, 1990;Wacque, 1990). For the actual limits set see figure 1.

2.2 Formal integration of 89/369/EEEC and 89/429/EEC in Dutch law

When we look at the situation in a material way the Guideline Combustion 1989 applied to

waste-incinerators (Richtlijn Verbranden 1989, Stcrt. 1989, 188). The competent authori-

ties, provinces that are responsible for permitting the domestic waste incinerators, had to

translate the requirements from the Guideline Combustion into the permits of the incinera-

tors (Nadere aanwijzingen voor de vergunningverlening, 1990, Stcrt, 1990, 57). The

Combustion Guideline 1989 was based on article 6 of the law on Waste treatment and waste

disposal. Article 6 opened the possibility for the Minister to issue Guidelines (not  general

rules) towards the content of provincial waste-plans. Before issuing a permit to a waste

plant or location, the province has to effectuate the issued guidelines, being the Combustion

Guideline 1989 one of them. The provincial waste-plan had to be approved of by the cen-

tral government. Administrative jurisdiction always evaluated permits given to plants for

domestic waste incineration in relation to the content of the provincial waste-plan and the

given Guidelines in conformity with article 6. Nevertheless the Guideline Combustion was

not a formal or material law that regulated incinerators directly and without discretional

room. Although actual regulation was much tougher, the Dutch government did not come

up to their obligation to integrate a system of general rules on incinerators in a law. For
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that a Guideline is formally not sufficient it has to be a so-called AMvB. As far as known,

the requirements set in the Combustion Guideline 1989 were the most ambitious in the

world (and not depending on the capacity of the plant).

A proof of default by the European Commission

On April 25th, 1991 the European Commission has proved the Netherlands of default. The

Netherlands failed to translate the Directives into national law. On June 28th, 1991, the

Dutch government explained to the European Commission that it would fulfil its obligations

soon. On January 7th, 1993, the Dutch government came up to their obligations when they

issued the Directive Air-pollution Waste Combustion (In Dutch:Besluit luchtemissies afval-

verbranding , January 7th 1993, Stb. 36). A logical explanation for these events would at

first sight of course has been an opposing incineration sector. Large efforts are necessary to

meet the requirements. Subsequently the European Commission forced the Dutch govern-

ment to fulfill its obligations. Consistently Dutch government did loose the battle with the

incineration sector. Or also a reasonable explanation in the Dutch context: the Dutch gov-

ernment exploited motives that originate from their large participation in the sector of

domestic waste incineration. These are however not acceptable explanations. There is

strong evidence that disproves these explanations. The transposition of the directive into a

national text was subject to rules of the game that made it difficult, not to say, practically

impossible to move faster. We have to move somewhat into the Dutch constitutional sys-

tem.

Explaining the default: The rules of the game

In general every formal-law in the Netherlands is linked to our constitution. The legislative

power consists of government and parliament (and formally our queen is involved). Making

a formal law takes years in most cases. Very often, in a formal law, a restricted supplemen-

tal authority is given to the minister of a sector like the Minister of Environment. When

we speak of the translation of EEC Directives into Dutch law we almost always speak about

the utilization of these supplemental authorities. When this `by formal law’ authority is

used we speak of a law in the material meaning. The procedures are a little less time-

consuming. This kind of law is called a General Measure of Government. In Dutch: `Alge-

mene Maatregel van Bestuur’ (in short: AMvB). In the case of the Domestic Waste

Incinerators there was no predecessor that had the status of a law in the material meaning.

There was only a Guideline by the Minister in operation (Richtlijn Verbranden 1989, Stcrt.

1989, 188). The competent authorities, provinces that are responsible for permitting the

domestic waste incinerators, had to translate the requirements from the Guideline Combus-

tion 1989 into the permits of the incinerators (Nadere aanwijzingen voor de

vergunningverlening, 1990, Stcrt, 1990, 57; VROM, Integraal bijgewerkte versie van de
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Richtlijn “Verbranden” 1989, publikatiereeks afvalstoffen, nr. 1992/10, Leidschendam,

april 1992). Nevertheless it is important to stress that the Guideline Combustion 1989 was

not  a formal or material law and so no general rules on the incinerators were existing. In

this situation the European requirements are not met. A straightforward transformation of

the Guideline Combustion 1989 into a General Measure of Government would have been

possible if the Minister of Environment was given a supplementary authority to do so. The

Dutch law on waste treatment and waste disposal did however not provide/supply such an

authority. This led to the conclusion that the obligation to provide general rules for the in-

cineration of domestic waste required a new formal law or an adjustment of the existing law

on waste treatment and waste disposal in order to give the Minister the necessary supple-

mentary authority.

Simultaneously to these events, the existing environmental sector laws in the Netherlands

were integrated in a new single-law framework. Initially the political agenda was to integrate

the Dutch law on waste treatment and waste disposal into this new framework and at the

same time establish the necessary authority to issue a General Measure of Government on

the emissions of domestic waste incinerators. Because of these technicalities this transfor-

mation process into a single-law framework was slow. On October 17th, 1990, the Dutch

Parliamentary Commission on European Affairs and the Dutch Parliamentary Commission

on Environmental Affairs discussed the issue in a joint meeting with the Minister of Envi-

ronmental Affairs. Several political parties insisted upon an increased tempo of settlement

(Second Chamber of Parliament, TK 1990/1991, 21109, no. 29). Subsequently a proposal

to change the old Law on waste treatment and waste disposal was brought forward (Second

Chamber of Parliament, TK 1991/1992, 22503, no. 1-2). This amendment on the existing

law provided the Minister of Environmental Affairs with an authority to issue general rules

on the plants for domestic waste incineration by General Measure of Government (article

53a, Stb. 1992, no.378). By establishing this authority it became possible for the Dutch

minister of Housing, Physical Planning, Environmental Affairs to issue general rules on the

air-emissions of waste combustion plants. For the incineration of domestic waste the old

Guideline Combustion 1989 was finally withdrawn on January 7th, 1993 and replaced by the

Directive Air-pollution Waste Combustion.

By explaining the rules of the game and the sequential of affairs, it becomes clear that it was

not the European Commission but above all the Dutch Parliamentary Commission on

European Affairs that played an important role in up-speeding the process. Another minor

issue was a discussion whether the requirements should only touch on domestic waste incin-

eration or also on chemical, toxic and hospital waste. As a matter of fact the Guideline

Combustion 1985 only regulated domestic waste incineration. First the Dutch government

wanted the broad approach: In later concepts the European Directives were followed and a
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smaller approach was chosen. The segment of chemical, toxic and hospital waste of the

Guideline Combustion 1989 was translated in the Dutch Emission Guideline (NER).

2.2.1 Preparing the Directive Air-pollution Waste Combustion

On the issue of setting emission standards the take-off position of the Dutch central go-

ernment was clear: The emission limits in the Dutch Directive are stricter and more

comprehensive than those in the EU-Directives. These stricter and additional limits are

possible, the EU-Directives sets minimal requirements. They were necessary to implement

the Dutch environmental policy and within that, implementing and secure the waste policy.

The requirements are in line with those in the Dutch Combustion Guideline 1989. The

Minister of Environmental Affairs perceived softening those requirements as not accepable.

The draft proposal was pre-published on April 3th 1992 (Stcrt. 1992, 67). A significant

number of reactions was received. Most objections were related to the broad scope of the

proposal. It should not comprehend waste from companies, chemical waste and some spe-

cific waste streams. The chemical waste was uncoupled because a separate EU-Directive was

in preparation. The range was narrowed to exactly the same definition as the EU-Directives

on domestic waste. Also some objections were raised on the issue of the date on which ex-

isting waste-incineration plants had to meet the same requirements as new incinerators on

most substances. In the Guideline Combustion 1989 this date was set on November 30th,

1993. This date was perceived as not being realistic. This was also the opinion of the Stuur-

groep Uitvoering RV’89. The date then was set on Januari, 1th, 1995. This in order to

prevent foreseeable and to be tolerated offenses. The authority for permitting is suggested

to anticipate if the validity of the existing permit ends before the date of January, 1th,

1995.

In the draft proposal an obligations for substantial endeavors was formulated to reach for an

emission limit of 0.1 Ng I-TEQ/m3 dioxins. This was considered as not clear in the draft-

proposal and a strict limit was formulated of 0.1 with the possibility of, under strict condi-

tions, softening the requirements by the permitting authority to maximum 0.4 for existing

incineration plants. This is only under the condition that the existing incineration-plant, in

the perspective of the state-of the art technology, cannot or only by extreme high invest-

ments can be adjusted to meet the 0.1 emission limit. Existing means being permitted before

April 1th, 1990. The opposition was from the Veabrin and the Stuurgroep Uitvoering

RV’89 in which the Veabrin participated. For mercury in special cases the 0.05 limit could

be widened by the province to 0.1when abatement is over 90%, also with obligation to re-

duce.
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2.2.2 The outcomes of the game

In a material sense, the Directives of the European Commission were already outdated in

the Dutch context at the moment they were issued.

Figure 1 summarizes the emission limits that are set in the Combustion Guideline 1985, the

Combustion Guideline 1989, the Dutch Directive Air-pollution Waste Combustion and the

European Directive (new incinerators) for new large incinerators.

Figure 1: Essential emission limits for larger new incinerators

RV85 RV89 NL EU
Total dust (mg/m3) 50 5 5 30
Heavy metals: 12 (mg/m3) 5 1 1 -
Heavy metals: 4 (mg/m3) - - - 5
Cadmium (mg/m3) 0.1 0.05 0.05 -
Mercury (mg/m3) 0.1 0.05 0.05* -
Cadmium + Mercury (mg/m3) - - - 0,2
Nickel + Arsenicum (mg/m3) - - - 1
Hydrochloric acid (HCL) (mg/m3) 50 10 10 50
Hydrofluoric acid (HF) (mg/m3) 3 1 1 2
Sulphur dioxide (SO2) 40 mg/m3 - 40 40 300
Carbon monoxide (CO) 50 mg/m3 - 50 50 100
Organic compounds 10 mg/m3 - 10 10 20**
Nitrogen oxide (NO) (mg/m3) - 70 70*** -
PCDD’s + PCDF’s (ng I-TEQ/m3) - 0,1 0,1 -
(I-TEQ = toxical equivalents)

RV 85 = Guideline Combustion 1985 (only new incinerators)

RV 89 = Guideline Combustion 1989

NL = Directive Air-pollution Waste Combustion

EU = European Directive 89/369/EEC (capacity > 3 tons)

* In special cases this could become 0.1 when abatement is over 90%

** Deviation is possible if PCDD’s and PCDF’s are lower than caused under the set restriction

*** Only a guideline for existing incinerators

Figure 1 only gives the emission limits for new large incinerators. In Dutch regulation ca-

pacity of the incineration plant is no factor, all incinerators are treated the same. The date

on “new” versus “existing” is set a bit different compared to the EU-Directives. For

“existing incinerators” there is a transitional arrangement until January, 1th 1995. For

most substances, after January 1th, 1995 “existing” have to meet the same emission limits

as “new” incinerators (the exceptions are minor and in line with EEC). The most important

difference is the possibility to rise the limit on dioxins to 0.4 ngr./m3 for existing incinera-

tors. The same holds for the emission standards set for organic compounds and CO (100

mg/m3 starting December 1th, 1996 in line with Europejan Directive). The emission re-
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quirements on Nox are for existing incinerators a guideline, not a requirement. That means

that the competent authorities, the province, have to interpret the emission values on CO,

Nox and organic compounds.

And finally in the Netherlands the emission limits are set stricter and we have limits on

more substances than required by the EU. The choice was made to focus on existing incin-

erators. For that reason we go a bit into the European limits in the nest section.

2.2.3 Comparing European and Dutch regulation

The comparison between the European limits and the Guideline Combustion 1985 (only

for new incinerators) and the Guideline Combustion 1989 illustrate the small importance of

the European limits for the Dutch waste incineration sector. Above was described that

Dutch existing incinerators have to comply on 1 January 1995 basically to the same limits

as new incinerators, regardless of capacity.

Differentiation patterns in the Directives 89/369 and 49/429

89/369 EEC deals with “new” incinerators (permitted after December 1th 1990); 89/429

EEC deals with “existing” incinerators (permitted before December, 1th 1990). Basically the

difference is that until 1/12 1996, there is a transitional arrangement for existing incinera-

tors with a capacity of more than 6 tons/hour. For plants with a capacity of less than 6

tons/hour there is a transitional arrangement until December, 1th 2000 with an

“important” step taken at December 1th, 1995. So there is no fixed Y* being the emission

limit for every incinerator (Y* being the emission limit according to the European Direc-

tive). The Y* varies according whether it’s a new incinerator or an existing incinerator and

the capacity of the incinerator.

Differentiation patterns in 89/369/EEG according to capacity of the “new” incin-

erator, emission limits mg/m3

Member states had to meet the requirements of 89/369/EEG before 1 December 1990.
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Figure 2: Differentiation patterns in 89/369/EEG according to capacity of the incinerator,

emission limits mg/m3*:

Capacity

Pollutant

< 1 ton/hour 1 ton/h.- 3 ton/h. 3 tons/h and more

Dust 200** 100 30

Pb+Cr+Cu+Mn - 5 5

Ni+As - 1 1

Cd+Hg - 0.2 0.2

HCl 250*** 100 50

HF “divided” 4 2

SO2 - 300 300

CO 100 100 100

Organic Compounds 20 20 20

*) Standardized conditions 273 degrees K, 101,3 Kpa, 11% Oxygen or 9% CO2
**) If Oxygen = 17 %: 80, in special cases, and when the European Commission is informed and consulted a less
strict limit is possible up to 500 mg/m3
***) If Oxygen = 17 %: 100

Additionally, combustion gasses should be heated upto at least 850 degrees Celsius for two

seconds, being Oxygen at least 6% or an alternative technology that performs at least as

good at PCDD’s and PCDF’s, checked by the authorities.

Finally, as far as technology is at stake all new incinerators have to be equipped with auxil-

iary burners.

Differentiation patterns in 89/429/EEG according to capacity of the “existing” in-

cinerator, emission limits mg/m3:

Member states had to meet the requirements of 89/429/EEG before 1 December 1990.

• If the capacity of the incinerator is 6 tons/hour or more:

- The existing incinerator has to meet the same emission limits as new incinerators on De-

cember, 1th, 1996, compare table 1.

- By December, 1th, 1996, Combustion gasses should be heated up to at least 850 degrees

Celsius for two seconds, being Oxygen at least 6% or an alternative technology that per-

forms at least as good at PCDD’s and PCDF’s, checked by the authorities. If there are

serious technical problems implementing these requirements, the deadline can be postponed

until the ovens are renewed.

• If the capacity of the incinerator is 6 tons/hour or less:
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- The existing incinerator has to meet the same emission limits as new incinerators on De-

cember, 1th, 2000, compare table 1.

- The existing incinerator has to meet transitional emission limits on December 1th 1995.

Figure 3: Differentiation patterns in 89/429 for the period December 1 th  1995 until December

1th 2000 for incinerators with a capacity of less than 6 tons/hour, according to capacity,

emission limits mg/m3*:

Capacity

Pollutant

< 1 ton/hour 1 ton/h.- 6 tons/h.

Dust 600** 100

Pb+Cr+Cu+Mn - -

Ni+As - -

Cd+Hg - -

HCl - -

HF - -

SO2 - -

CO 100 100

Organic Compounds - -

*) standardized conditions 273 degrees K, 101,3 Kpa, 11% Oxygen or 9% CO2
**) if Oxygen = 17 %: 240

- By December,1 th, 1995, Combustion gasses should be heated upto at least 850 degrees

Celsius for a regulated time-span, being Oxygen at least 6% or an alternative technology

that performs at least as good at PCDD’s and PCDF’s, checked by the authorities. The

regulated time-span has to be “sufficient” and is set by the authorities

2.3 Monitoring and enforcement

In Netherlands, the influence of permitting authorities on air emission limits is marginal in

the case of Domestic Waste Incineration. For new incinerators the integration of the Euro-

pean Directive 89/369/EEC into national regulation reduced the possibilities for the

provinces to take into account specific features of an incinerator or its surrounding. The

requirements set in Dutch regulation are ambitious. To raise ambition in permits would,

given the discussion in the “Stuurgroep Uitvoering RV 89”, be impossible or almost impos-

sible, in regard to the Administrative Justice system. To lower ambition would be totally

impossible. And that is a significant difference in comparison with a Guideline. A Guideline

should be complied with. But important circumstances can lead to deviate from the Guide-

line. The same holds for the existing incinerators. Especially in the case of the dioxins this

possibility for lowering the emission limit is relevant.
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As a matter of fact, for existing domestic waste incinerators the deadlines to meet the re-

quirements were enlarged from November 30th, 1993 into January 1th, 1995 when the EU

Directives were translated in Dutch national law. The Guideline Combustion 1989 aimed at

a more speedily adjustment of existing incinerators. The date January 1th, 1995 was set in

order to secure some margins for adjusting existing domestic waste incinerators. But they

had to apply to the same requirements as new incinerators independently of the capacity of

the incinerator. The only exceptions: the burning time of combustion gasses at 850 degrees

maybe less than two seconds in time, if otherwise large adjustments are necessary.

The incinerators in Zaanstad, Alkmaar, Leiden en Leeuwarden were closed in 1990. The

plant Alkmaar is equipped with abatement technology and reopened. There are track re-

cords for the existing incinerators that are monitored: VVI Alkmaar, AVIRA Arnhem, AVR

Rijnmond, Roteb Rotterdam and Gevudo Dordrecht. A large inventory for the Waste Board

of the Ministry was done in 1995 (monitoring of the new standards for existing incinera-

tors). Outs of 212 measurements 206 were within the limits of the Dutch regulation. None

were over the limits of the European regulation (Hesseling, Kuipers, Wormgoor, 1995). Out

of 33 measurements at VVI Alkmaar, three outcomes on Dust were above the limit of

Dutch regulation and one outcome on SO2. These non-compliance issues were known at the

level of the province and are solved because this incineration plant is closed in 1995 and re-

placed by a total new one. Out of 33 measurements at AVIRA Arnhem, one on dioxins was

above the limit, two others on dioxins were not above the limit. This is known by the

province, measures for optimizing emissions of dioxins were in preparation (using active

coal in the wet-washers). At AVR Rijnmond all 66 measures were within the Dutch limits.

At Roteb Rotterdam all 44 measurements were within the limits of Dutch regulation. There

is however one exception made in Dutch practice: The Dutch authorities tolerated that the

existing waste incinerator Gevudo Dordrecht did not comply to the new regulations on 1

January 1995. They got postponement until I December 1996. The reason for this was that

this plant was already adjusted for the Guideline Combustion 1985 and was reopened in

1991. Right through this process the Guideline Combustion 1989 was issued. The second

adjustment, the "prize" of early compliance to limits that soon became obsolete, is done in

1996.

The other existing incinerators are regulated in their permits in line with the Directive Air-

pollution Waste Combustion (Hesseling, Kuipers, Wormgoor, 1995/1996). On the existing

incinerator ARN Weurt there are no comparable data. The limit for dioxins is set on 0.4 for

VVI Alkmaar, AVIRA Arnhem (with obligation to put substantially efforts in reduction to

0.25), the others are regulated on 0.1 ng/m3 dioxins. The type of measurements we were

relating to is the normal kind that have to be done by the plants in order to meet the re-

quirements in the permits.
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The information given on compliance is based on normal monitoring activities. The fre-

quency of monitoring visits to municipal waste incinerators is high. It is not unusual if the

province visits the plant every month. These visits are not restricted to air emissions,

monitoring is done on all environmental issues that are regulated in the permit.
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3. Environmental effectiveness

3.1 Environmental effectiveness at the aggregate level of domestic waste incinerators

In the Netherlands there is no distinction made between incinerators with a large, medium

sized and small nominal capacity. In the Netherlands all waste incinerators have a capacity

of more than 6 tons/hour. In the IMPOL project was decided to collect time series for large

incinerators on at least Dust, CO, HCl, SO2 and Cd + Hg (and if possible HF, Pb+Cr+Cu+Mn

and Ni + As). Sources used for secondary analysis, calculations and estimations are Grote,

1996, Matthijsen en Scheffer, 1992, Hesseling, Kuipers and Wormgoor 1995/1996 and

RIVM, 1997, VROM, Publikatiereeks emissieregistratie.

When interpreting the data, it should be kept in mind that only starting 1995 all incinera-

tors had to meet the actual Dutch emission standards. Between 1990 and 1995 the influence

of the Guideline Combustion 1989 on new incinerators is obvious, existing incinerators

could be adjusted speedily. Especially since originally they had to meet the requirements of

the Guideline Combustion in 1993. Between 1985 and 1990 some effects of the Combustion

Guideline 1985 can be observed.

The emissions of Dust

The EU limit for the Emission of Dust for new incinerators with a capacity larger than 3

tons/hour is 30 mg/m3. The Dutch equivalent is 5 mg/ m3. Figure 4 gives insight into the de-

velopment of emissions and the level of goal-attainment as percentage of (1) the EU-limit

and (2) the Dutch-limit.

Figure 4: Emissions of total dust 1985-1996

1985 1990 1993 1995 1996

Total dust (x 1.000 kg) 1500 772 472 44 54.6

Emission of total dust as percentage of the EU-limit (%) 214 110 67.3 6.3 7.7

Emission of total dust as percentage of the NL-limit (%) 1280 660 404 37.6 46.0

The emission of Carbon-monoxide

The EU limit for the emissions for new large incinerators is 100 mg/m3. The Dutch equiva-

lent is 50 mg/ m3. Figure 5 gives insight into the development of emissions and the level of
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goal-attainment as percentage of (1) the EU-limit and (2) the Dutch-limit.

Figure 5: Emissions of Carbon-monoxide 1985-1996

1985 1990 1993 1995 1996

Total Carbon-monoxide(x1.000 kg) - 3216 902 428 640

Emission of Carbon-monoxide as Percentage of the EU-limit (%) - 133 37.2 17.7 27

Emission of Carbon-monoxide as percentage of the NL-limit (%) - 266 74.4 35.5 54

For existing incinerators there are possibilities to deviate from the Dutch limit for new in-

cinerators, however in line with the European Directive.

The emission of Hydrochloric acid

The EU limit for the emissions for new incinerators with a capacity larger than 3 tons/hour

is 50 mg/m3. The Dutch equivalent is 10 mg/ m3. Figure 6 gives insight into the develop-

ment of emissions and the level of goal-attainment as percentage of (1) the EU-limit and

(2) the Dutch-limit.

Figure 6: Emissions of Hydrochloric acid 1985-1996

1985 1990 1993 1995 1996

Total Hydrochloric acid (x 1.000 kg) 8047 6200 - 73 63.1

Emission of Hydrochloric acid as Percentage of the EU-limit (%) 663 511 - 6.0 5.2

Emission of Hydrochloric acid as percentage of the NL-limit (%) 3265 2555 - 30.0 23.5

The emission of Sulfur-dioxide

The EU limit for the emissions for new incinerators with a capacity larger than 1 ton1/hour

is 300 mg/m3. The Dutch equivalent is 40 mg/ m3. Figure 7 gives insight into the develop-

ment of emissions and the level of goal-attainment as percentage of (1) the EU-limit and

(2) the Dutch-limit.

Figure 7: Emissions of Sulfur-dioxide 1985-1996

1985 1990 1993 1995 1996

Total Sulfur-dioxide (x 1.000.000 kg) 3.1 4.6 0.238 0.230 0.261

Emission of Sulfur-dioxide as Percentage of the EU-limit (%) 40.9 60.7 3.1 3.5 3.5

Emission of Sulfur-dioxide as percentage of the NL-limit (%) 308 458 25.6 22.9 26.0

The emissions of Heavy Metals: Cadmium and Mercury

The EU limit for the emissions of Cadmium and the emissions of Mercury for new incinera-

tors with a capacity larger than 1 ton/hour is 0,2 mg/m3. Figure 8 gives insight into the
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development of emissions and the level of goal-attainment as percentage of the EU-limit.

Figure 8: Emissions of Cadmium and Mercury 1985-1996

1985 1990 1993 1995 1996

Cadmium + Mercury (x 1.000 kg) 11.7 2.1 1.2 0.347 0.3

Emission of Cadmium + Mercury as Percentage of the EU-limit (%) 241 43.3 24.8 7.1 6.2

The emission of Hydrofloric acid

The EU limit for the emissions for new incinerators with a capacity larger than 3 tons/hour

is 2 mg/m3. The Dutch equivalent is 1 mg/ m3. Figure 9 gives insight into the development

of emissions and the level of goal-attainment as percentage of (1) the EU-limit and (2) the

Dutch-limit.

Figure 9: Emissions of Hydrofluoric acid 1985-1996

1985 1990 1993 1995 1996

Total Hydrofluoric acid (x 1.000 kg) 58 46 - 4 5,5

Emission of Hydrofluoric acid as

Percentage of the EU-limit (%)

109 86.4 - 9.4 10.2

Emission of Hydrofluoric acid as percentage of the NL-limit (%) 215 178 - 18.8 20.1

The emissions of Heavy Metals: Led, Chrome, Copper and Manganese

The EU limit for the emissions of Led, Chrome, Copper and Manganese for new incinera-

tors with a capacity larger than 1 ton/hour is 5 mg/m3. Figure 10 gives insight into the

development of emissions and the level of goal-attainment as percentage of the EU-limit.

Only the metals led, chrome and copper are taken into account. Emissions of Manganese

are very small and therefor irrelevant.

Figure 10: Emissions of Led, Chrome and Copper 1985-1996

1985 1990 1993 1995 1996

Led + Chrome + Copper (x 1.000 kg) 79.3 19.0 10.4 1.5 1.2

Emission of Led + Chrome + Copper as
Percentage of the EU-limit (%)

65.4 15.8 8.7 1.3 1.0

The emissions of Heavy Metals: Nickel and Arsenic

The EU limit for the emissions of Nickel and Arsenic for new incinerators with a capacity

larger than 1 ton/hour is 1 mg/m3. Figure 11 gives insight into the development of emis-

sions and the level of goal-attainment as percentage of the EU-limit.
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Figure 11: Emissions of Nickel and Arsenic 1985-1996

1985 1990 1993 1995 1996

Nickel and Arsenic (x 1.000 kg) 26.26 2.17 1.94 0.75 0.72

Emission of Nickel and Arsenic as
Percentage of the EU-limit (%)

108 9.0 8.0 3.1 3.0

Additional time-series:

On top of the by the “Guideline” required time-series the following relevant time series on

additional pollutants regulated by the Dutch government are attainable:

The emissions of cadmium

In the Netherlands limits are set for separately for Cadmium and for Mercury. In both cases

the limit is 0.05 mg/m3. Figure 12 gives insight into the development of cadmium-emissions

and the level of goal-attainment as percentage of the NL-limit.

Figure 12: Emissions of Cadmium 1985-1996

1985 1990 1993 1995 1996

Cadmium (x 1.000 kg) 1.7 0.695 0.18 0.08 0.068

Emission of Cadmium as
Percentage of the NL-limit (%)

112 61.6 15.9 7.1 6.3

Emission of Mercury

In the Netherlands limits are set for separately for Cadmium and for Mercury. In both cases

the limit is 0.05 mg/m3. Figure 13 gives insight into the development of cadmium-emissions

and the level of goal-attainment as percentage of the NL-limit.

Figure 13: Emissions of Mercury 1985-1996

1985 1990 1993 1995 1996

Mercury (x 1.000 kg) 2.7 1.4 1.06 0.1 0.2

Emission of Mercury as
Percentage of the NL-limit (%)

232 121 91.2 8.6 17.2

The emission of Heavy Metals: Total heavy metals

There is limit set in the Netherlands for the emissions of twelve heavy metals together: 1

mg/m3. Figure 14 gives insight into the development of emissions and the level of goal-
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attainment as percentage of the NL-limit.

Figure 14: Emissions of Heavy metals 1985-1996

1985 1990 1993 1995 1996

Total heavy metals (x 1.000 kg) 158.2 58.5 23.4 4.4 3.8

Emission of heavy metals as

Percentage of the NL-limit (%)

653 242 96.4 18.2 13.4

Emissions of some heavy metals

Figure 15 gives a time series for the metals Chrome, Copper, Led, Nickel and Zinc:

Figure 15: Emissions Chrome, Copper, led, Nickel and Zinc

1985 1990 1993 1995 1996

Chrome (x 1.000 kg) 37.0 3.9. 4.3 0.2 0.2

Copper (x 1.000 kg) 6.3 1.7 1.5 0.3 0.2

Led (x 1.000 kg) 36.0 13.5 4.7 1.0 0.8

Nickel (x 1.000 kg) 26 2.1 1.9 0.7 0.7

Zinc (x 1.000 kg) 38.0 34.7 9.2 1.8 1.5

The emission of Dioxins

There is limit set in the Netherlands for the emissions of dioxins 0.1 ng/m3. Figure 16 gives

insight into the development of emissions and the level of goal-attainment as percentage of

the NL-limit.

Figure 16: Emissions of Dioxins 1985-1996

1985 1990 1993 1995 1996

Dioxins (x gr.) 810 537 303 6.3 3.1

Emission of Dioxins as

Percentage of the NL-limit (%)

33312 22084 12461 260 147

Of course the non-compliance on dioxins is caused by the fact that not all "existing" incin-

erators have to comply with the limit of 0.1 ng. The province can determine a limit within

the 0.1 to 0.4 range (compare section 2.2.4).

The emission of Nitrogen-oxide

There is limit set in the Netherlands for the emission of Nitrogen-oxide is 70 mg/m3. Figure

17 gives insight into the development of emissions and the level of goal-attainment as per-
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centage of the NL-limit.

Figure 17: Emissions of Nitrogen-oxide 1985-1996

1985 1990 1993 1995 1996

Nitrogen-oxide (x 1000 kg) - 5737 - 2096 1900

Emission of Nitrogen oxide as
Percentage of the NL-limit (%)

- 329 - 120 109

Of course the non-compliance on Nitrogen-oxide is caused by the fact that "existing" incin-

erators don't have to comply with the limit of 70mg. The province can weaken the limit

(compare section 2.1.3).

The emission of Organic compounds

There is limit set in the Netherlands for the emissions of organic compounds: 10 mg/m3.

Figure 18 gives insight into the development of emissions and the level of goal-attainment

as percentage of the NL-limit.

Figure 18: Emissions of Organic-compounds 1985-1996

1985 1990 1993 1995 1996

Organic compounds (x 1000 kg) - 148 -. 42 49

Emission of Organic compounds as
Percentage of the NL-limit (%)

- 61.7% - 18.3% 20%

One have to take into account the fact that for "existing" incinerators the province can

weaken the limit.

3.1.1 Indicators for environmental effectiveness

In the Guidelines two indicators for environmental effectiveness are proposed:

The first one indicator includes the normative ambition level (Y*):

^Y= Y1/Y*EU x 100 (^ = delta)

Calculated for Dust and CO for “existing” incinerators with a capacity < 6 tons/h.

Calculated for Dust, CO, HCl, SO2 and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and

Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

The second indicator not using the normative aspect:
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^Y= (Y0-Y1)/Y0 x 100 (^ = delta)

Calculated for Dust and CO for “existing” incinerators with a capacity < 6 ton/h.

Calculated for Dust, CO, HCl, SO2, and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and

Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

Where Y0 is the initial level of emission in 1990 and Y1 being the environmental result. For

the Dutch case study 1995 is used to calculate. For this year the most reliable data are avail-

able and the relevant date in the Dutch law for the transformation of existing large

incinerators is not 31 December 1996 as is used in the EU-Directive but 1 January 1995.

Figure 19 gives the results:

Figure 19: Scores on two indicators for environmental effectiveness

Pollutant

^Y= Y1/Y*EU x 100 ^Y= (Y0-Y1)/Y0 x 100 (^ = delta)

Dust 6.3 % 94.3 %

CO 17.7 % 86.7 %

HCl 6.0 % 98.8 %

SO2 3.5 % 95 %

Cd + Hg 7.1 % 83.5 %

HF 9.4 % 91.3 %

Pb+Cr+Cu+Mn 1.3 % 92.1 %

Ni + As 3.1% 65.4 %

3.2 Dissentanglement of the reduction established

Rough assessment of the level of abatement in 1990

Although exact figures are not available an estimate of the level of abatement in 1990 can

be made on the basis of benchmark available for combustion of domestic waste without puri-

fication equipment.
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Figure 20: Emissions of domestic waste incinerators without purification equipment, dust

measured before the electric filter, the other substances after the electric filter

(source Bartelds, 1992)

Dust 4000 - 10000 mg/m3

HCl 400-2000 mg/m3

HF 3-20 mg/m3

CO 30-200 mg/m3

Organic compounds 1-10 mg/m3

SO2 100-800 mg/m3

Nox 300-500 mg/m3

Heavy metals 10-20 mg/m3

Cd 0.2 - 0.5 mg/m3

Hg 0.2 - 1 mg/m3

Dioxines 5 - 100 ngr./m3

The actual level of abatement in 1990 can be estimated: 2983 kilotons of waste incinerated

(Matthijssen en Scheffer 1992, p. 19) mean 2983000000 x 4.7m3 combustion gas. Figure

21 gives the results of this rough estimate.

Figure 21: Estimate of the level of abatement in 1990 on the basis of benchmarks and actual

emissions in 1990 (note: electric filter has some influence in the emissions of Cd and Hg)

1990

Pollutant

No abatement No abatement emission Actual abatement %

1990

Dust 7000 mg/m3 99184 92.2 %

CO 115 mg/m3 1629 0 %

HCl 1200 mg/m3 17002 64 %

SO2 450 mg/m3 6376 28 %

Cd + Hg 0.92 mg/m3 13 84 %

HF 11.5 mg/m3 163 72 %

Heavy metals 15 mg/m3 210 72 %

The developments between 1990 and 1995 can be dissentangled as follows:

Factor 1: Increase in input/amount of waste incinerated.

The amount of waste incinerated dropped from about 2983 kilotons in 1990 to 2957 kilo-

tons in 1995 (because of re-use and prevention and because of incineration capacity

available, the incinerator of Roosendaal was out of business for renewal in 1995). This is a
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decrease of 0.87 %.

Factor 2: Closure of plants

Closed between 1989 and 1995:

A group of incinerators was closed very fast in 1990:

AVI-Zaanstad capacity 140000 tons/year

VVI Alkmaar capacity 125000 tons/ year (re-opened after adjustment fi-

nally, closed early 1996)

Gevulei Leiden capacity 90000 tons/year (re-opened after adjustment)

OLAF-Leeuwarden capacity 80000 tons/year

Three incinerators were closed soon after:

AVI-Noord Amsterdam capacity 234000 tons/year

VVI Den Haag capacity 330000 tons/year

Philips capacity 26000 tons/year

Factor 3: New plants between 1989 and 1995

HVC-Alkmaar capacity 413000 tons/year (just opening 1995/1996)

AVI Amsterdam capacity 840000 tons/year

New plants since 1996 (not in the period of analysis):

AVI Twente capacity 400000 tons/year brought in use 1996

Gavi Wijster capacity 230000 tons/year brought in use 1997

Factor 4: Prevention and abatement existing incinerators

Existing incinerators being adjusted:

AVI Regio Arnhem

ARN-Nijmegen

AVI Roosendaal 
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AVR-Rijnmond

GEVUDO-Dordrecht

ROTEB Rotterdam

Figure 22 gives the dissentanglement. For every in the first column mentioned pollutant, in

the second column the theoretical change of emission by changes in the amount of waste

being incinerated is given. This expresses factor 1. In the third column the influence on

emissions of the closedown of incinerators is inventoried. In the fourth column the ex-

pected emission in 1995 is given (column 2 minus column three). The fifth column gives

the actual emissions in 1995. The difference between fifth and the fourth column is due to

the start up of new incinerators (there influence is in the sixth column) and the prevention

and abatement activities in the existing incinerators (in the seventh column):

Figure 22: Dissentanglement (tons)

Factor 1 Factor 2 Expected 1995 Actual emission
1995

Factor 3 Factor 4

Dust 772 x 0.9913 =
765

-244 521 44 8 469

CO 3216x

0.9913 = 3188

-532 2656 428 59 2169

HCl 6200x 0.9913=

6146

-2107 4039 73 5 3961

SO2 4600x

0.9913 =4560

-623 3937 230 36 3671

Cd + Hg 2.1x 0.9913=

2.08

-1.08 1.00 0.347 0.035 0.618

HF 86.4x 0.9913=

85.6

-18.04 67.6 9.4 0.22 56

Causality

The experts and the secondary analysis of documents showed no proof of any effect of the

European Directives on these events. The change in national waste policy (preferring in-

cineration in stead of land-filling), the increasing knowledge about the hazardous emissions

of incinerators, especially concerning dioxins, the incidents with waste incinerators, and

subsequently the Dutch Guidelines Combustion 1985 and 1989 and their implementation are

the most acceptable factors. The structure of the market, being the waste-incinerators

mostly public or semi-public owned and the closed provincial waste markets are important

constraints that made the necessary investments possible. Another relevant factor is the

tough Dutch regulation on dioxins that because of technical inter-relatedness in the abate-
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ment line, explains over-compliance on some other pollutants. Responsiveness and care for

their image on behalf of the incinerators management is another factor that certainly did

have some influence.

This does not  mean that the European Directives are completely without any effect in the

Dutch context. When we take the step to the analysis of the existing incinerators we will

see that timing changed in between the Dutch Combustion Guideline 1989 and the Dutch

Directive Air-pollution Waste Combustion, leaving existing incinerators somewhat more

time to adjust (until 1 January 1995 instead of 31 November 1993).

3.3 Environmental effectiveness at the aggregate level

of “existing” domestic waste incinerators

For existing incinerators not only the capacity is relevant. If the capacity is 6 tons/h or

more the incinerator had to meet the same limits as a new one on December 1st, 1996, ac-

cording to the EU-Directives. If the capacity is less than 6 tons/h, the relevant date is

December 1st 1995 and December 1st 2000 (compare table 2). For incinerators with a ca-

pacity of less than 6 tons/hour there is a small complication: only since December 1st,

1995, they are regulated on dust and CO and only by December 1st, 2000 they are regulated

(almost) the same as new incinerators with an equal capacity. Because we evaluate compli-

ance we have to recognize that the existing rules for dust and CO are in the European

Directives the only ones for some incinerators. Of course if available it is interesting to

take these additional requirements, although not yet in operation, into the analysis in order

to see how far the transformation process has proceeded during our research-period. Still, in

Dutch practice domestic waste incinerators have a capacity of more than 6 tons/hour and

they have to comply with the stricter regulation on 1 January 1995 in the Dutch practice.

And for that reason in the Dutch case study it is no problem to calculate on the basis of the

1995 data.

Indicators for environmental effectiveness:

In the Guidelines two indicators for environmental effectiveness are proposed:

The first one indicator includes the normative ambition level (Y*):

^Y= Y1/Y*EU x 100

Calculated for Dust and CO for “existing” incinerators with a capacity < 6 tons/h.

Calculated for Dust, CO, HCl, SO2 and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and
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Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

The second indicator not using the normative aspect:

^Y= (Y0-Y1)/Y0 x 100 (^ = delta)

Calculated for Dust and CO for “existing” incinerators with a capacity < 6 ton/h.

Calculated for Dust, CO, HCl, SO2, and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and

Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

Where Y0 is the initial level of emission in 1990 and Y1 being the environmental result.

Figure 23: Scores on two indicators for environmental effectiveness, comparing “existing”,

transformed incinerators with “new” incinerators (between parenthesis: existing incinerator

Gevudo Dordrecht excluded).

Pollutant

^Y= Y1/Y*EU x 100

existing  new

^Y= (Y0-Y1)/Y0 x 100

existing  new

Dust 14.4 % (7.2 %) 6.3 % 92.9 %

CO 35 % (35%) 22.45% 87.7 %

HCl 8.5 % (8.5%) 4.9% 98.6 %

SO2 6.3 % (4.2%) 3.9% 92.5 %

Cd + Hg 11.3 % (8.1%) 13.8% 85.7 %

HF 16.6 % (17.8 %) 7.7% 88.8%

Figure 23 supports the general conclusion that "existing" incinerators perform well on emis-

sion abatement. Their performance tends to be only slightly worse compared to the

performance of new waste incinerators. The existing incinerators perform a bit less splendid

on dust, CO HCl, SO2 and HF and even better than new incinerators on Cd + Hg.
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4. Allocative efficiency

In paragraph 4.1 the abatement patterns of individual incinerators are given. A Sources used

for secondary analysis, calculations and estimations are Grote, 1996, Matthijsen en Schef-

fer, 1992, Hesseling, Kuipers and Wormgoor 1995/1996, RIVM, 1997 and VROM.

Publikatiereeks emissieregistratie.

4.1 Abatement patterns (plant level)

For every relevant existing plant two tables are presented in this section. The first table

gives emissions/m3. The second table gives tons of emissions. Every table gives the nominal

change that took place in 1995 compared to 1990 in the fourth column. In the fifth col-

umn the percentage change between 1990 and 1995 is calculated.

In order to establish and compare abatement patterns two indexes are calculated.

The score on the first index is calculated on the basis of the emissions/m3

The score on index 1 =

Dust as % of the EU Directive a%

CO as % of the EU Directive b%

HCl as % of the EU Directive c%

SO2 as % of the EU Directive d%

Cd + Hg as % of the EU Directive e%

HF as % of the EU Directive f%

The score on index 1 = (a+b+c+d+e+f)/6

The score on index 1 expresses average compliance to European emission standards. Be-

cause this is perceived as an acceptable way of summarizing performance, this index 1 is

prioritized by the IMOL research team for further analysis.

In the second table for every incinerator (tons of emission) the following standardization is
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used in order to construct an index 2 based on tons of emission (All incinerators have a ca-

pacity of more than 6 tons/hour):

Figure 24: Constructing index 2

Relevant emission limit in
89/629/EEC

Weight factor emission Calculated score on index

Dust 30 mg/m3 100/30=3.3 Score 1

CO 100 mg/m3 100/100=1 Score 2

HCl 50 mg/m3 100/50=2 Score 3

SO2 300 mg/m3 100/300=0.33 Score 4

Cd + Hg 0.2 mg/m3 100/0.2=500 Score 5

HF 2 mg.m3 100/50=2 Score 6

The weighting of tons of emission is done by taking the emission limit set by the European

Union as an indicator for the relative environmental importance of that pollutant.

The score on the index 2 = (score 1 + score 2 + score 3 + score 4 + score 5 + score 6)/6

The scores of incinerators on index 1 and index 2 will be summarized in paragraph 4.2 and

will be used for further analysis. In the IMPOL research team was decided upon that the first

index is most important for further analysis.

4.1.1 VVI Alkmaar

Figure 25: Emissions of VVI Alkmaar (mg/m3)

1990 mg/m3 (% EU
Directive)

1995 mg/m3 (% EU
Directive)

Changemg/m3 Change %

Dust 37.4 (127) 10.7 (36) -26.7 -71.4

CO 29 (29) 19.0 (19) -10.0 -34.5

HCl 662.8 (1326) 7.14 (14) -655.7 -98.9

SO2 167 (56) 50 (17) -117 -70.1

Cd + Hg 0.09 (45) 0.009 (5) -0.081 -0.9

HF 1.6 (80) 0.05 (3) -1.55 -96.9

Index 1 (277) (16)
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Figure 26: Emissions of VVI Alkmaar (tons)

1990 ton 1995 ton Change tons % Change

Dust 24 4.5 -19.5 -81.3%

CO 21 8 -13 -61.9%

HCl 425 3 -422 -99.3%

SO2 106 21 -85 -80.2%

Cd + Hg 0.07 0.004 -0.066 -94.3%

HF 1 0.02 -0.98 -98%

Index 2 169.7 6.5

4.1.2 ARN Weurt

Figure 27: Emissions of ARN Weurt (mg/m3)

1990 mg/m3
(% EU Directive)

1995 mg/m3
(% EU Directive)

Change mg/m3 Change %

Dust 13 (43) 0.56 (2) -12.44 -95.7%

CO 17 (17) 33.5 (34) +16.5 +97.1

HCl 2.9 (6) 4.2 ;(8) +1.3 +44.8

SO2 111 (37) 14 (5) -97 -87.4

Cd + Hg 0.019 (10) 0.07 (35) +0.051 +263.2

HF 1.3 ;(65) 0.56 (28) -0.74 -56.9

Index 1 (29.7) (18.7)

Figure 28: Emissions of ARN Weurt (tons)

1990 ton 1995ton Change tons Change %

Dust 4 0.4 -0.6 -0.15

CO 6 24 +18 +300

HCl 1 3 +2 +300

SO2 36 10 -26 -72.2

Cd + Hg 0.006 0.053 +0.047 +783

HF 0.5 0.4 -0.1 -20

Index 2 10.2 13.5
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4.1.3 Avira Arnhem

Figure 29: Emissions of Avira Arnhem (mg/m3)

1990 mg/m3
( % EU Directive)

1995 mg/m3
(% EU Directive)

Change mg/m3 Change %

Dust 1 (3) 1.5 (5) +0.5 +50

CO 125 (125) 45 (45) -80 -64

HCl 0.82 (1.6) 2.6 (5.2) +1.78 +217

SO2 226 :(75) 12.0 (4) -214 -94.7

Cd + Hg 0.0162 (8) 0.035 (18) +0.0188 +116

HF 0.12 (6) 0.26 (13) +0.14 +116.7

Index 1 36.5 15.0

Figure 30: Emissions of Avira Arnhem (tons)

1990 ton 1995 ton Change tons Change %

Dust 2 1.7 -0.3 -15

CO 359 53 -306 -85.2

HCl 2 3 +1 +50

SO2 268 14 -254 -94.8

Cd + Hg 0.025 0.041 +0.016 +64

HF 0.2 0.3 +0.1 +50

Index 2 80.1 17.5

4.1.4 AVR Rijnmond

Figure 31: Emissions of AVR Rijnmond (mg/m3)

1990 mg/m3
( % EU Directive)

1995 mg/m3
(% UE Directive)

Change mg/m3 Change %

Dust 95 (317) 1.1 (4) -93.9 -98.8

CO 183 (183) 37.3 (37) -145.7 -79.6

HCl 597 (1194) 4.3 (9) -592.7 -0.99

SO2 350 (117) 12.8 (4) -337.2 -0.96

Cd + Hg 0.21 (105) 0.006 (3) -0.204 -97.1

HF 3.8 (190) 0.33 (17) 3.47 -33

Index 1 351 12
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Figure 32: Emissions of AVR Rijnmond (tons)

1990 ton 1995 ton Change tons Change %

Dust 449 4.8 -444.2 -98.9

CO 1035 166 -869 -84.0

HCl 2901 19 -2882 -99.3

SO2 1498 57 -1441 -96.2

Cd + Hg 0.992 0.025 -0.967 -97.5

HF 19 1.5 -17.5 -92.1

Index 2 1712.1 54.4

4.1.5 Gevudo Dordrecht

Figure 33: Emissions of Gevudo Dordrecht (mg/m3)

1990 mg/m3
(% EU Directive)

1995 mg/m3
(% EU Directive)

Change Nominal Change %

Dust 19 (63) 23.7 (79) +4.7 + 24.7

CO 773 (773) 34.8 (35) -738.2 - 95.5

HCl 7.3 (15) 7.4 (15) +0.1 + 1.4

SO2 254 (85) 7.4 (2) -246.6 - 97.1

Cd + Hg 0.26 (130) 0.08 (40) -0.18 - 0.69

HF 0.13 (7) 0.10 (5) -0.03 -23.1

Index 1 63 29

Figure 34: Emissions of Gevudo Dordrecht (tons)

1990 ton 1995 ton Change tons Change %

Dust 15 22.5 +7.5 +50

CO 1080 33 -1047 -96.9

HCl 5 7 +2 +40

SO2 219 70 -149 -68

Cd + Hg 0.202 0.076 -0.126 -62.4

HF 0.1 0.1 0 0

Index 2 219.7 31.3
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4.1.6 Roteb Rotterdam

Figure 35: Emissions of Roteb Rotterdam (mg/m3)

1990 mg/m3
(% EU Directive)

1995 mg/m3
(% EU Directive)

Change Mg/m3 Change %

Dust 18 (60) 1.11 (4) -16.9 -93.9

CO 148 (148) 25.7 (26) -122.3 -82.6

HCl 694 (1388) 15.6 (31) -678.4 -97.6

SO2 158 (53) 3.4 (1) -154.6 -97.8

Cd + Hg 0.11 (55) 0.01 (5) -0.10 -90.9

HF 3.5 (175) 0.4 (20) -3.1 -88.6

Index 2 313 14.5

Figure 36: Emissions of Roteb Rotterdam (tons)

1990 ton 1995 ton Change

Tons

Change %

Dust 34 2.0 -32 -94.1

CO 184 46 -138 -75.0

HCl 1339 28 -1311 -97.9

SO2 255 6 -249 -97.6

Cd + Hg 0.206 0.023 -0.183 -88.8

HF 7 0.8 -6.2 -88.6

Index 1 585 27

4.2 The abatement patterns summarized in two indexes

Figure 37: The abatement patterns of six existing incinerators.

1990 rank-order 1995 rank-order Change
VVI Alkmaar
Index 1
Index 2

277
169.7

4
3

16
6.5

4
1

-261
-164.2

ARN Weurt
Index 1
Index 2

29.7
10.2

1
1

18.7
13.5

5
2

-11
+3.3

Avira Arnhem
Index 1
Index 2

36.5
80.1

2
2

15.0
17.5

3
3

-21.5
-62.5

AVR Rijnmond
Index 1
Index 2

351
1712.1

6
6

12
54.4

1
6

-339
-1657.7

Gevudo Dordrecht
Index 1
Index 2

63
219.7

3
4

29
31.3

6
5

-34
-188.4

Roteb Rotterdam
Index 1
Index 2

313
585

5
5

14.5
27

2
4

-298.5
-558

Scores on index 1 (based on emissions mg/m3 combustion gas) and index 2 (based on tons of emissions). Rank-
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order 1 implies incinerator with the largest sore on index 1 or 2. Rank-order 6 implies incinerators with the high-
est score on index 1 or index 2.

From figure 37 some conclusions can be drawn:

The scores on index 1 (that keep quantity waste incinerated into account by using mg/m3)

indicate that a municipal waste incinerator with larger emissions/m3 in 1990 abated more.

In absolute numbers the change pattern in figure 37 fits perfect to these expectations. In

absolute terms the pattern is almost perfect: -339(rank 6), -299, -261, -34, -22 and –11

(rank 1).

The scores on index 2 indicate that a municipal waste incinerator with larger absolute emis-

sions do abate more. In absolute numbers the change pattern in figure 37 fits perfect to

these expectations. In absolute terms the pattern is perfect: -1658 (rank 6), -558, -188, -

164, -63 and +3 (rank 1).

4.3 Cost characteristics of individual sources

To be straight from the start: The directives from the European Union did not put addi-

tional costs on incineration plants. The European requirement only had to be translated in

national Dutch law in a formal sense. The older and stricter limits as set in the Combustion

Guideline 1989 were preserved. At some aspects existing incinerators got a little more time

to adjust in order to meet the requirements already set in the Combustion Guideline 1989.

Attention was also paid to the costs in the Memorandum of explanation which is appended

to the Directive Air-pollution Waste Combustion. No additional costs were expected. The

limits set in the Combustion Guideline 1985, the Combustion Guideline 1989 and stricter

enforcement brought about large costs.

4.3.1 Developments in the domestic waste incineration sector

In 1965 the first incinerators for domestic waste opened: Roteb Rotterdam and AVI Leiden.

Soon followed by incineration plants in Amsterdam and The Hague. In 1972 the, at that

moment, largest incinerator in the world was set up in Rotterdam (AVR). Alkmaar, Zaan-

stad, Leeuwarden, Arnhem, Dordrecht, Roosendaal and Nijmegen followed. There was very

little attention for environmental effects, for instance the incinerators in Rotterdam and

The Hague were built right in the middle of town. Incinerators of the sixties and seventies

were only equipped with techniques to reduce dust-emissions. Most of them were electric fil-

ters that, in good condition, could reduce total dust to about 100 mg/m3. In 1989 this still

was the general picture for the old incinerators. In 1989 for instance there was an incinera-

tion plant that emitted about 300mg dust/m3. The explanation for this is already given in
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paragraph 2.

In the early seventies there was already adequate end-of pipe technology available, in Ger-

many prescribed in 1974 (Technische Anleitung zur Reinhaltung der Luft, TA Luft, August,

28 th 1984). In 1990 most Dutch incinerators still did not meet these requirements (Waqué,

1990). The drastic and for the sector shocking Combustion Guideline 1989 was pushed

heavily and blasted the well organized resistance out of the incineration sector. A report was

made by a study group recommendation implementation Guideline Combustion 1989 that

proclaimed a kiss of death for six public incineration plants (because they could not be ad-

justed in a cost-effective way):

Figure 38: Incineration plants to be closed

AVI-Noord Amsterdam 234000 tons/year

Capacity

AVI-Zaanstad 140000 tons/year

OLAF-Leeuwarden 80000 tons/year

Gevulei Leiden 90000 tons/year

VVI Den Haag 330000 tons/year

VVI Alkmaar capacity 125000 tons/ year (actual closed early 1996)

Source : Werkgroep Richtlijn Verbranden 1989, 1990.

A group of four incinerators was closed very fast in 1990: AVI-Zaanstad, VVI Alkmaar (re-

opened after adjustment, finally, closed early 1996) Gevulei Leiden capacity 90000

tons/year (re-opened after adjustment) and OLAF-Leeuwarden. Three incinerators were

closed soon after: AVI-Noord Amsterdam, VVI Den Haag and the little private Philips

incinerator.

4.3.2 Indirect indicators

The first three in the Guide-line proposed indicators for cost-characteristics are indirect in-

dicators: capacity (tons/year), the plant age and the initial environmental performance

(emissions 1990). Figure 38 gives the plant age, the capacity in 1990, initial pollution ex-

pressed as index 1 and initial pollution expressed as index 2.

Figure 39: Age, capacity and emissions in 1990 of six incinerators

Age Capacity 1990
Ton/year

Emissions 1990
Index 1 (based on
mg/m3 emissions)

Emissions 1990
Index 2 (based on tons

of emissions)
VVI Alkmaar 1973 135000 277 169.7
ARN Weurt 1986 69000 29.7 10.2
Avira Arnhem 1975 315000 36.5 80.1
AVR Rijnmond 1973 945000 351 1712.1
Gevudo Dordrecht 1973 158000 63 219.7
Roteb Rotterdam 1963 375000 313 585
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Figure 39 indicates a correlation between the age of the plant and the level of relative pollu-

tion in 1990 (expressed as index 1), there is no clear correlation between the capacity of

the plant and the relative pollution in 1990.

Figure 39 indicates a correlation between the capacity of the plant and the absolute level of

pollution in 1990 (expressed as index 2), there is no clear correlation between the age of

the plant and the absolute level of emissions in 1990.

4.3.3 Line up of abatement line 1990-1995

Insight into the changes in the primary measures and abatement line helps in getting insight

into the costs made. Therefor the guideline for the case study asks for data on this topic.

The source of the information used for the Dutch case study is an extensive inventory re-

port produced for the VVAV (Hesseling, Kuipers and Wormgoor, 1995/1996).

VVI Alkmaar

The incinerator has three ovens. Late 1990 the incinerator was taken out of use in order to

add an advanced combustion abatement line. This in order to be able to keep it into use until

1996. In 1990 there were only electric filters in use. Changes made are partly primary:

Combustion temperature is increased from 900 to 950 degrees Celsius. Supply of combus-

tion air is optimized, the input of waste is adjusted. Secondary measures taken: the

operational temperature of the electric filter is lowered from 300 into 275 degrees Celsius.

A canvas-filter is added and a step which lime and active coal is added.

ARN Weurt

There are two ovens. In 1990 the abatement equipment included an electric filter and a wet

washer (Flakt) and a step in which lime is added. In 1994/1995 combustion is optimized and

the abatement line comprehend two electric filters, a two step wet washer (first step abate-

ment of HCl and HF and second step abatement of SO2 by adding lime producing gypsum),

there is purification equipment installed for the water residu before it is evaporated, tem-

perature is than raised, and comustion gasses go subsequently into a SCR DeNox step,

calsium and coal is added to combustion gasses, than there is a canvas-filter (heavy metals,

dioxins and furans).

Avira Arnhem

There are three ovens. In 1990 the abatement line consisted of an electric filter, lowering

temperature, a wet washer (dust, HCl, HF and heavy metals), there is purification equipment

installed for the water residue before it goes into the sewer. Since 1990 all three lines are
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equipped with an active coal injection system (dioxins) and a second step in the wet-washer

(SO2) in 1992, and DeNox equipment in 1993 (NSCR).

AVR Rijnmond

AVR has six ovens. In 1990 there were Electro-filters. In the period till 1995 there were

taken some primary measures modernizing the ovens. Every incineration line now compre-

hends the old electric filter, a new electric filter a two step wet washer (acid step and basic

step), an active coal filter and DeNox equipment (SCR). The adjustment were made in 1992

and 1993.

Gevudo Dordrecht

Gevudo has four ovens. Gevudo was adjusted in order to meet the requirements of the Guide-

line Combustion 1985. Therefor in the period 1990-1995 installed abatement equipment

show somewhat different characteristics. There is a so-called radialstreamwasher, a venturi-

washer and a wet electric filter installed. For the wastewater there is purification equipment

and the residual from these purification of wastewater is burned. Gevudo has postponement

until 1996 for full-fledged compliance, during the research period some adjustments already

have been made.

Roteb Rotterdam

Roteb has four ovens and made investments of 125 million guilders during the period 1990-

1995. Abatement comprehends electric filter a two step wet washer (acid step and basic

step), an active coal filter and DeNox equipment (SCR).

4.3.4 Direct indicator: costs

Some information is known about the investments made. Figure 41 gives an overview of the

investment made:

Figure 40: Investments for air-emission abatement.
Prices 1993 except ARN Weurt prices 1994

Investment in abatement equipment

ROTEB Rotterdam 125 millions

GEVUDO Dordrecht 92

AVR Rijnmond 400 millions

AVIRA Arnhem 66 millions

ARN Weurt (RDF) 65 millions

VVI Alkmaar no reliable estimate available (KL)
Source: Weijer, 1990 en Ter Raa, 1993
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Assuming that write off is done in 15 years, annuity, full financed, 8% interest; capital cost

on yearly basis can be estimated. The same holds for variable costs. Roughly estimated capi-

tal costs will be 65% of the added costs. Incinerators claim that about 5% is spend on add-on

by necessary materials. Maintenance takes about 25% of the costs of running the abatement

equipment, 4% is claimed to be added for energy costs and 1% for staff-costs (Wetzels,

1996).

Figure 41: Costs for pollution abatement (millions Dutch guilders)

Capital costs/ Year Variable costs/ Year Total  costs/ year Total costs/ Kton ca-
pacity

ARN Weurt 7.6 4.1 11.7 0.17

Avira Arnhem 7.7 4.1 11.8 0.04

AVR Rijn-Mond 46.7 25.1 71.8 0.08

Gevudo
Dordrecht

10.7 5.8 16.5 0.10

Roteb Rotterdam 14.6 7.9 22.5 0.06

Experts claim that the rise in the cost price from about 130 guilders/ton to about 200 guil-

ers/ton is totally caused by pollution abatement costs. This concerns compliance to the

Guideline Combustion 1989. Their estimate will be about 70 guilders/ton waste incinerated.

The costs are caused by the Guideline Combustion 1989 not by the European Directives.

These estimates are reasonable in line with the data in figure 41.

4.4 Matching abatement patterns and indicators for cost characteristics

The abatement patterns that will be used are the scores on (compare figure 37):

Index 1 90-95 =Index 1 1995 – Index 1 1990 (gives reduction based on emissions mg/m3

combustion gas, in fact average compliance to the relevant EU-limits)

Index 2 90-95 =Index 2 1995 - Index 2 1990 (gives a weighted reduction based on tons of

emissions)
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4.4.1 Age and abatement patterns

Figure 42: Age and the abatement of domestic waste incinerators

Index1 Change 90-95 Index 2 Change 90-95
Roteb Rotterdam 1963 -298.5 -95% -558 -95%
AVR Rijnmond 1973 -339 -97% -1657.7 -97%
VVI Alkmaar 1973 -261 -94% -164.2 -96%
Avira Arnhem 1975 -21.5 -86% -62.5 -78%
Gevudo Dordrecht 1973 -34 -54% -188.4 -86%
ARN Weurt 1986 -11 -37% +3.3 +32%

Figure 42 suggests that the oldest incinerators abate the most in relative terms (mg/m3),

figure 39 already suggested that the oldest incinerators had the highest relative pollution in

1990.

4.4.2 Capacity and abatement patterns

Figure 43: Capacity and the abatement of domestic waste incinerators (capacity tons/year)

Index 1 Change 90-95 Index 2 Change 90-95

69000 tons ARN Weurt -11 -37% +3.3 +32%

135000 tons VVI Alkmaar -261 -94% -164.2 -96%

158000 tons Gevudo
Dordrecht

-34 -54% -188.4 -86%

315000 tons Avira Arn-
hem

-298.5 -95% -558 -95%

375000 Roteb Rotterdam -298.5 -95% -558 -95%

945000 AVR Rotterdam -339 -97% -1657.7 -97%

Figure 43 suggests that the largest incinerators abate the most in absolute terms (index 2),

figure 39 already suggested that the largest incinerators had the highest absolute emissions in

1990.

4.4.3 Emissions 1990 and abatement patterns

For the emissions in 1990 there are two indexes available: Table 44 uses Index 1 as the

emissions for 1990 (compare figure 37). Table 45 uses Index 2 as the emissions for 1990

(compare figure 37).
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Figure 44: Emissions 1990 of domestic waste incinerators and the abatement of domestic

waste incinerators (Emissions 1990: Index 1 for 1990)

Emissions 1990 Plant Index 1 Change 90-95 Index 2 Change 90-95

29.7 ARN Weurt -11 -37% +3.3 +32%

36.5 Avira Arnhem -21.5 -86% -62.5 -78%

63 Gevudo Dordrecht -34 -54% -188.4 -86%

277 VVI Alkmaar -261 -94% -164.2 -96%

313 Roteb Rotterdam -298.5 -95% -558 -95%

351 AVR Rijnmond -339 -97% -1657.7 -97%

Figure 44 suggests that the incinerators with the highest pollution in 1990 in relative terms

(mg/m3, expressed as index 1, average compliance), decreased their pollution the most both

in relative terms and in absolute terms. While interpreting figure 44 it should be kept mind

that ARN Weurt expanded and Gevudo Dordrecht had a special status.

Figure 45: Emissions 1990 of domestic waste incinerators and the abatement of domestic

waste incinerators (Emissions 1990: Index 2 for 1990)

Emissions 1990 Plant Index1 Change 90-95 Index 2 Change 90-95

10.2 ARN Weurt -11 -37% +3.3 +32%

80.1 Avira Arnhem -21.5 -86% -62.5 -78%

169.7 VVI Alkmaar -261 -94% -188.4 -86%

219.7 Gevudo Dordrecht -34 -54% -164.2 -96%

585 Roteb Rotterdam -298.5 -95% -558 -95%

1712.1 AVR Rijnmond -339 -97% -1657.7 -97%

Figure 45 suggests that the incinerators with the highest pollution in 1990 in absolute terms

(expressed as index 2), decreased their pollution the most both in relative terms and in ab-

solute terms. While interpreting figure 44 it should be kept mind that ARN Weurt expanded

and Gevudo Dordrecht had a special status.

4.4.4 Costs and abatement patterns

For the costs there are two sensible expressions available: Total costs in million guilders and

total costs/kton incineration capacity installed, also in million guilders. In figure 46 total

costs in million guilders is used, in figure 47 total costs/kton incineration capacity installed,

also expressed in million Dutch guilders, is used.
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Figure 46: Total abatement costs in millions guilders/year and the emission-reduction

scores on index 1 and index 2 (compare figure 37)

Emissions 1990 Plant Index1 Change 90-95 Index 2 Change 90-95

11.7 ARN Weurt -11 -37% +3.3 +32%

11.8 Avira Arnhem -21.5 -86% -62.5 -78%

16.5 Gevudo Dordrecht -34 -54% -188.4 -86%

22.5 Roteb Rotterdam -298.5 -95% -558 -95%

71.8 AVR Rijnmond -339 -97% -1657.7 -97%

Figure 46 suggests that the incinerators with the highest total abatement costs/year de-

creased their pollution the most both in relative terms (expressed as index 1, based on

mg/m3), and in absolute terms (expressed as index 2, based on tons). While interpreting fig-

ure 44 it should be kept mind that ARN Weurt expanded and Gevudo Dordrecht had a

special status.

Figure 47: Total abatement costs/ktons capacity, expressed in millions guilders/year/kton

capacity and the emission-reduction scores on index 1 and index 2 (compare figure 37)

Emissions 1990 Plant Index1 Change 90-95 Index 2 Change 90-95

0.04 Avira Arnhem -21.5 -86% -62.5 -78%

0.06 Roteb Rotterdam -298.5 -95% -558 -95%

0.08 AVR Rijnmond -339 -97% -1657.7 -97%

0.10 Gevudo Dordrecht -34 -54% -188.4 -86%

0.17 ARN Weurt -11 -37% +3.3 +32%

Figure 47 suggests that there is no clear correlation between the total abatement

costs/year/ktons capacity installed and the pollution abatement performance both in rela-

tive terms (expressed as index 1, based on mg/m3), and in absolute terms (expressed as index

2, based on tons). While interpreting figure 44 it should be kept mind that ARN Weurt ex-

panded and Gevudo Dordrecht had a special status.

4.4.5 Analysis on average costs per unit of abatement

By using figures 45 and 46 straightforward assessments can be made whether the average

abatement costs increase when initial position of a incinerator is already that of a “relative

clean” incinerator (assuming the same target level).
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Figure 48: A Total abatement costs/kton capacity/ decrease on index 1 90-95 and B Total

abatement cost/ decrease on index 1 90-95 (costs in million Dutch guilders)

Total abatement cost and total
abatement costs/kton capacity

A Total abatement costs/kton
capacity/ decrease on index 1

90-95 = ..

B Total abatement
cost/decrease on index 1 90-

95 = ..

11.7//0.17

ARN Weurt

0.17/11=0.015 11.7/11=1.06

11.8//0.04

Avira Arnhem

0.04/21.5=0.0019 11.8/21.5=0.55

16.5//0.10

Gevudo Dordrecht

0.08/34=0.0023 16.5/34=0.49

22.5//0.06

Roteb Rotterdam

0.06/298.5=0.0002 22.5/298.5=0.07

71.8//0.08

AVR Rijnmond

0.08/339=0.000236 71.8/339=0.21

More straightforward figure 48 can be interpreted in words as follows:

Columns two and three of figure 48 are based on index 1 (0f course a unit on index 1 is a

percent increase on average compliance to EU Standards)

Column two can be interpreted as follows. With total abatement costs per ton capacity 1990

in the analysis of average costs per unit index 1, the outcomes are as follows:

AVR Rijnmond improved from 351 to 12 at Dfl. 0.236 per ton capacity per unit index 1

Roteb Rott. improved from 313 to 14.5 at Dfl. 0.20 per ton capacity per unit index 1

Gevudo Dordrecht improved from 63 to 29 at Dfl 2.35 per ton capacity per unit index 1

Avira Arnhem improved from 36.5 to 3 at Dfl. 1.86 per ton capacity per unit index 1

ARN Weurt improved from 29.7 to 18.7 at Dfl. 15 per ton capacity per unit index 1

Column three can be interpreted as follows. With total costs in the analysis of average costs

per unit index 1, the outcomes are as follows:

AVR Rijnmond improved from 351 to 12 at Dfl. 210000 per unit index 1

Roteb Rott. improved from 313 to 14.5 at Dfl. 70000 per unit index 1

Gevudo Dordrecht improved from 63 to 29 at Dfl 490000 per unit index 1
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Avira Arnhem improved from 36.5 to 3 at Dfl. 550000 per unit index 1

ARN Weurt improved from 29.7 to 18.7 at Dfl. 1060000 per unit index 1

– Therefore the second and third columns of figure 48 suggest that the average cost for

one percent increase of compliance to European standards is lower for incinerators that

polluted more in 1990 (pollution both expressed for each ton capacity in column 2 and

for the plant in column 3; in both cases it is about relative abatement in 1990, ex-

pressed as index 1, based on mg/m3)

– Therefor the second and third columns of figure 48 suggest that the marginal cost for

one-percent increase of compliance to European standards increase when the abatement

level increases.



Adjustments in the Dutch domestic waste incineration sector Kris Lulofs

Research Paper 2000-B-6 49

5. Productive efficiency

89/369/EEC and 89/429/EEC did not impose any additional restraint on municipal waste

incinerators in the Netherlands as explained in chapter 2. The reason for this was that the

older Dutch regulation was more comprehensive and stricter than the European regulation.

This national regulation is maintained. The discretional rook for permitting authorities was

already small but became even smaller when, as a necessary reaction on the European de-

mands the Dutch government issued the Directive Air-pollution Waste Combustion.

The formal compliance to the European Directive, leaving the comprehensiveness and

strictness of Dutch regulation towards incinerators unchanged, did have some effect on the

time table and thus the timing of necessary adjustments made by existing domestic waste in-

cinerators. Previous under the older Dutch legal regime they had to be adjusted in the year

1993, in the Dutch Directive Air-pollution Waste Combustion this date was set on January,

1st, 1995. So there was more time to adjust. In one special case Dutch authorities decided to

relieve this date even to December 1st, 1996, the date that is used in the European Direc-

tives as deadline for stricter regulation of existing incinerators. This was the case with

Gevudo Dordrecht.

No constraints were made on the technology to be used. It was however clear that the alter-

natives to choose from were limited. The impact of the workgroup on implementation of

the Guideline Combustion was large. Studies were done on the ideal abatement line in order

to comply to the Dutch national limits. The most problematic emission limits were on di-

oxins and Nox. Fighting these pollutants dominated the design of abatement lines.

Especially the limit on dioxins explains over-compliance on other pollutants. It was left to

the management of incinerators to do their own interpretation on technology and propose

it to the permitting government. This permitting government agrees when the limits are

likely to be reached with the proposed technology.

In the discussions about the limit on Nox the Dutch government was prepared to offer a

subsidy of 39 millions Dutch guilders. It was left to the decision of the plant-managers to

decide whether they wanted to participate in the arrangement. Experience with this equip-

ment was available in the electricity sector. In order to develop it rightly for the waste

incineration sector 39 million Dutch guilders were granted to the incineration sector. Four

out of five incineration plants were interested. Gevudo Dordrecht wasn’t. Two SCR DeNox

equipment's were granted and two NSCR DeNox equipment's were granted. The money was

handed out in accordance to the amount of combustion gasses of the incinerators involved.
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6. Administrative cost

6.1. Goverments

At the Ministry of Housing, Physical Planning and Environmental Affairs, 0.7 full-time

staff-member is employed with regulation, implementation and monitoring of domestic

waste incinerators: at the Board of Air and Energy 0.2 and at the Waste Board 0.5 full time

staff member. In the twelve provinces the staff-employed is not exactly known but it

should in total concern 1.2 – 2.4 full time staff members. Although the number of incinera-

tors is not stable, a reasonable benchmark is that there are ten incinerators for municipal

waste. The number of hours spend on every of them then will be between 160 and 320

hours every year.

The amount of work connected to a municipal waste incinerator seems to support the esti-

mate of the experts. Gathering empirical data at a province checks this statement: The

province Overijssel reported to spend yearly 208 hours monitoring and enforcement on a

municipal waste incinerator. There are 13 visits of the plant in a year. About 50 % of the

hours are spent on controlling and half is spend doing the paperwork including correspon-

dence. This estimate covers all aspects of the permit, not just air-emissions. The portion

spend on just air emissions cannot be separated but could well be not that large because a lot

of the data are produced by the plant and are produced automatically as side-product of op-

erating the abatement equipment. The number of visits is large because of the nature of the

municipal waste incineration plant as a plant with potentially large environmental effects.  

Financial support was given to the incinerators on the issue of developing DeNox equip-

ment. Experience with this equipment was available in the electricity sector. In order to

develop it rightly for the waste incineration sector 39 million Dutch guilders were granted

to the incineration sector. Four out of five incineration plants were interested. Gevudo

Dordrecht wasn’t. Two SCR DeNox equipment's were granted and two NSCR DeNox equip-

ment's were granted. The money was handed out in accordance to the amount of

combustion gasses of the incinerators involved.
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6.2. Domestic Waste Incinerators

The only general information available yet is that 1% of the total costs for abatement

equipment/ year is spend on staff. This is of course staff as well for the technical handling

of the equipment as for the administrative procedures. There is however a rule of thumb

(Wiersma 1989, p. 113) that says that about 11% of the staff costs will be made for ana-

lyzing. Assuming that about the same amount of time is spend on reporting and other

administrative procedures, this would lead up to the following numbers: 0.01 x 134.3 mil-

lions x 0.22 = about 300.000 guilders/year for five existing incinerators (only

administrative costs air emissions) That will be about 0.75 full time staff members each in-

cinerator. According to the VVAV, the trade-association of the waste-incineration sector,

this estimate is too high. Normally there is one person charged with this kind of things, but

it is part of a package. Equipment to measure pollutants continuously is very often part of

operational management of the abatement equipment. The person in charge of monitoring

and reporting is therefor very often also in charge of the technical operation of the abate-

ment equipment. He is very often also in charge of analyzing and so on. As far as

monitoring and reporting is at stake the amount of time spent could be estimated some-

where in between 0.2 and 0.4 full time staff member. This is spent on controlling and

paperwork including correspondence. The costs for measurement equipment can hardly be

separated from the investments made for the abatement equipment in total. The measure-

ment equipment is often part of the control system of the abatement equipment.
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7. Conclusions

The European Directives 89/369/EEC and 89/429/EEC were of little importance for the

Dutch waste incineration sector is. The existing Dutch policy and Dutch regulation was

stricter and more comprehensive

Domestic factors take the lead in the description of events in the incineration sector: In

1976 the Seveso incident initiated in the Netherlands new research on the issue of sources

of dioxins. Soon after this report was issued, it became clear that waste-incinerators were

responsible for a large part of the emission of dioxins.

Soon after the relevant Dutch Guideline Combustion 1985 was issued, it became clear that

the Guideline was by far not strict enough to require state-of -the art technology. The con-

text of growing public and political awareness in the late eighties is important: A really

ambitious agenda for change was formulated in the first National Environmental Plan in

1989. Land filling was abandoned as a preferable option. As far as waste disposal is at stake,

the environmental policy aimed, in order of priority, at prevention, re-use, incineration,

controlled dumping. This shift required expansion of the required incineration capacity. So

the capacity for incineration had to be increased.

Nevertheless the mentioned research findings on incinerators and mentioned incidents with

incinerators were also facts. The media were very happy to report about this circumstantial.

Very fast it became clear that there was only one way out of this dilemma: Substantial

stricter regulation on domestic waste incinerators. In this context the very tough limits in

the Dutch Combustion Guideline 1989 were given birth. In a material sense, the Directives

of the European Commission were already outdated in the Dutch context at the moment

they were issued. Governments and waste incinerators did have joined interests in that. It is

important to keep in mind the fact that governments heavily dominated the waste-

incineration sector. Around 1990 governments often managed and owned the incineration

plant. Today the incineration plants are often limited liability companies with a limited

number of shareholders, being mostly governments. In recent years there is a trend towards

privatization. A final feature was that waste markets were closed markets. In principle

every province had to deal with the waste that was produced in the province. There was not

that much of a free market. In fact prices for waste-treatment were deduced from costs be-

ing made. This meant that management was not that much profit oriented. Only recently,

the European Union and the requirements of free trade have forced the Dutch government
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to start opening up markets.

Very unlike the normal Dutch tradition of consultation, the final decisions on the Combus-

tion Guideline 1989 were made very quick and not on consensual basis. As an initiative to

settle conflicts a study and advisory group was formed: Representatives of the Ministry of

Environmental affairs, the provinces and the incineration-sector jointly worked in a work-

ing group in order to assess and coordinate the implementation of the Guideline Combustion

1989. In its final report the study and advisory group disputed whether the limits for diox-

ins, mercury and for Nox were achievable. The minister kept on to the Guideline

Combustion 1989 with the exception of dioxins for existing incinerators. The 0.1 ngr./m3

limit should be considered not as an absolute standard but as a guide for existing incinerators,

but still 0.4 was set as an absolute standard and this could not be done without obligations to

reduce. For the Nox techniques a subsidy of 39 million guilders was granted.

On April 25th, 1991 the European Commission has proved the Netherlands of default. The

Netherlands failed to translate the Directives into national law. On June 28th, 1991, the

Dutch government explained to the European Commission that it would fulfil its obligations

soon. On January 7th, 1993, the Dutch government came up to their obligations when they

issued the Directive Air-pollution Waste Combustion (In Dutch:Besluit luchtemissies afval-

verbranding , January 7th 1993, Stb. 36). The reasons for that can be found in the Dutch

constitutional system and the way the waste removal and waste treatment sector was regu-

lated at that time. This just was a formal issue due to technicalities in the legal system.

The emission standards in the Dutch Directive Air-pollution Waste Combustion are stricter

and more comprehensive than those in the EU-Directives. The limits are the same as in the

Combustion Guideline 1989. The capacity of the plant does not influence the emission

limit. Existing waste-incineration plants had to meet the same requirements as new incin-

erators on most substances.

In the period 1990-1995/1996 the emission abatement was massive. Both on the aggregate

level of all incinerators as on the level of existing incinerators that were permitted before

1990. To give some examples (numbers existing incinerators between parentheses): Dust is

down 94.3% (92.9%), CO is down 86.7% (87.7%), HCl is down 98.8% (98.6%), SO2 is

down 95% (92.4%), Cd + Hg is down 83.5% (85.7%) and HF is down 99.1% (88.8%). Out

of 212 monitoring measurements done in 1995, 206 were within the limits of the Dutch

regulation. None were over the limits of the European regulation. The non-compliance is-

sues were known at the level of the provinces and are solved. These effects cannot be

attributed to the European Directives. The causal factors re the Combustion Guideline 1989

and the political and social factors that led to this Guideline and were described above.
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However there is some variety in the abatement efforts of individual incinerators. This is

firstly and most dominantly explained by the state of the art of technology in the incinera-

tion plant in 1989. Some incinerators were acting progressive and some others were passive

and old fashioned.  

A one-percent improvement on the average compliance to European limits brought along

costs between 70000 and 1000000 Dutch guilders, depending on the starting position of the

incinerator. The average cost for one-percent increase in compliance to European stan-

dards is lower for incinerators that polluted more in 1990.

The found figures suggest that the marginal cost for one-percent increase of compliance to

European standards increase when the abatement level increases.

The formal compliance to the European Directive, leaving the comprehensiveness and

strictness of Dutch regulation towards incinerators unchanged, did have some effect on the

timetable and thus the timing of necessary adjustments made by existing domestic waste in-

cinerators. Previous under the older Dutch legal regime they had to be adjusted in the year

1993, in the Dutch Directive Air-pollution Waste Combustion this date was set on January,

1st, 1995.

No constraints were made on the technology to be used. It was however clear that the alter-

natives to choose from were limited. The impact of the workgroup on implementation of

the Guideline Combustion was large. Studies were done on the ideal abatement line in order

to comply with the Dutch national limits.

In discussions about the limit on Nox the Dutch government was prepared to offer a subsidy

of 39 millions Dutch guilders. It was left to the decision of the plant-managers to decide

whether they wanted to participate in the arrangement. Financial support was given to the

incinerators on the issue of developing DeNox equipment. Four out of five incineration

plants were interested. The money was handed out in accordance to the amount of combus-

tion gasses of the incinerators involved.
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Annex 1: Emissions of regulated substances

Calculations on the basis of the following sources:

Grote, A.H.M. ter, 1996
RIVM, Milieubalans 97, Het Nederlandse Milieubeleid verklaard, Alphen aan den Rijn, 1997, ISBN 90 4220 099 5
VROM, Publikatiereeks emissieregistratie, nr. 1-43, Den Haag

Emissions of total dust 1985-1996

1985 1990 1993 1995 1996

Total dust (x 1.000 kg) 1500 772. 472 47 50.6-58.7

Emission of total dust as percentage of

the EU-limit (%)

198-230 102-118 62.3-72.3 6.2-7.2 7.7

Emission of total dust as percentage of the NL-
limit (%)

1188-1380 612-708 374-434 37.2-43.2 46.0

Emissions of Led, Chrome and Copper 1985-1996

1985 1990 1993 1995 1996

Led + Chrome + Copper (x 1.000 kg) 79.3 19.0. 10.4 1.5 1.2

Emission of Led + Chrome + Copper as

percentage of the EU-limit (%)

58.7-72.1 14.3-17.3 7.8-9.5 1.1-1.4 0.9-1.0

Emissions of Led, Chrome and Copper 1985-1996

1985 1990 1993 1995 1996

Led + Chrome + Copper (x 1.000 kg) 79.3 19.0. 10.4 1.5 1.2

Emission of Led + Chrome + Copper as

percentage of the EU-limit (%)

58.7-72.1 14.3-17.3 7.8-9.5 1.1-1.4 0.9-1.0

Emissions of Nickel and Arsenic 1985-1996

1985 1990 1993 1995 1996

Nickel and Arsenic (x 1.000 kg) 26.26 2.17. 1.94 0.75 0.72

Emission of Nickel and Arsenic as

percentage of the EU-limit (%)

97.3-119.4 8.0 - 9.9 7.2-8.8 2.8-3.4 2.7-3.3

Emissions of Cadmium and Mercury 1985-1996

1985 1990 1993 1995 1996

Cadmium + Mercury (x 1.000 kg) 11.7 2.1. 1.2 0.2 0.3

Emission of Cadmium + Mercury as

percentage of the EU-limit (%)

216-265 38.8-47.7 22.2-27.3 3.7-4.5 5.6-6.8
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Emissions of Cadmium 1985-1996

1985 1990 1993 1995 1996

Cadmium (x 1.000 kg) 1.7 0.695 0.18 0.08 0.068

Emission of Cadmium as

percentage of the NL-limit (%)

111-125%

RI 105%

51.1-62.3

RI 66.4%

13.2-16.1

RI 17.2%

5.9-7.2

RI 7.6

5.9-6.1

RI 6.5

Emissions of Mercury 1985-1996

1985 1990 1993 1995 1996

Mercury (x 1.000 kg) 2.7 1.4 1.06 0.1 0.2

Emission of Mercury as

percentage of the NL-limit (%)

199-243%

RI 243%

104-126

RI 126%

78.4-95.4

RI 95.4%

7.4-9.0

RI 9.0

14.8-18

RI 18

Emissions of Heavy metals 1985-1996

1985 1990 1993 1995 1996

Total heavy metals (x 1.000 kg) 158.2 58.5. 23.4 4.4 3.8

Emission of heavy metals as

percentage of the NL-limit (%)

586-719 218-266 86.7-106 16.3-20 14.1-17.3

RI: 11

Emissions Chrome, Copper, led, Nickel and Zinc

1985 1990 1993 1995 1996

Chrome (x 1.000 kg) 37.0 3.9. 4.3 0.2 0.2

Copper (x 1.000 kg) 6.3 1.7 1.5 0.3 0.2

Led (x 1.000 kg) 36.0 13.5 4.7 1.0 0.8

Nickel (x 1.000 kg) 26 2.1 1.9 0.7 0.7

Zinc (x 1.000 kg) 38.0 34.7 9.2 1.8 1.5

Emissions of Hydrochloric acid 1985-1996

1985 1990 1993 1995 1996

Total Hydrochloric acid (x 1.000 kg) 8047 6200. - 144 63.1

Emission of Hydrochloric acid as

percentage of the EU-limit (%)

599-727 462-560 - 10.7-13.0 4.7-5.7

Emission of Hydrochloric acid as percentage of
the NL-limit (%)

2995-3535 2310-2800 - 53.5-65 23.4-28.7

RI: 21

Emissions of Hydrofluoric acid 1985-1996

1985 1990 1993 1995 1996

Total Hydrofluoric acid (x 1.000 kg) 58 46. - 5 5,5

Emission of Hydrofluoric acid as

percentage of the EU-limit (%)

105-130

RI: 100

83.6-103

RI: 79.4

- 9.1-11.2

RI: 8.6

10.0-12.3

RI: 9.5

Emission of Hydrofluoric acid as percentage of
the NL-limit (%)

211-250

RI: 200

187.2-206

RI:158.8

- 18.2-22.4

RI: 17.2

20.0-24.5

RI: 18
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Emissions of Sulfur-dioxide 1985-1996

1985 1990 1993 1995 1996

Total Sulfur-dioxide (x 1.000.000 kg) 3.1 4.6 0.238 0.279 0.261

Emission of Sulfur-dioxide as

percentage of the EU-limit (%)

38.3-47.0

RI: 39.2

56.8-69.7

RI: 58.2

2.9-3.6

3.0

3.7-4.0

RI: 4.6

3.4-4.0

RI: 3.3

Emission of Sulfur-dioxide as percentage of the
NL-limit (%)

287-352

RI: 297

426-523

RI:441

27.4-29.4

RI:22.8

25.8-31.7

RI: 26.8

24.2-29.7

RI: 25

Emissions of Carbon-monoxide 1985-1996

1985 1990 1993 1995 1996

Total Carbon-monoxide(x1.000 kg) - 3216 902  466 550-730

Emission of Carbon-monoxide as

percentage of the EU-limit (%)

- 120-146 33.4-41.0 17.4-21.2

RI: 27

Emission of Carbon-monoxide as percentage of
the NL-limit (%)

- 240-292 66.8-82.0 34.8-42.4

RI: 54

Emissions of Dioxins 1985-1996

1985 1990 1993 1995 1996

Dioxins (x gr.) 810 537 303 6,3 3.

Emission of Dioxins as

percentage of the NL-limit (%)

>>> .>>> 11222-

13700

233-286 115-141

RI: 166%

Emissions of Nitrogen-oxide 1985-1996

1985 1990 1993 1995 1996

Nitrogen-oxide (x 1000 kg) - 5737 - 2069 1900

Emission of Nitrogen oxide as

percentage of the NL-limit (%)

- 329 - 120 109

Emissions of Organic-compounds 1985-1996

1985 1990 1993 1995 1996

Organic compounds (x 1000 kg) - 148 -. 42 44-54

Emission of Organic compounds as

percentage of the NL-limit (%)

-

61.% - 18.% RI 20%
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Annex 2: Total emissions of regulated substances

1985-1996

Emissions 1985 -1986

1985 1990 1995 1996

Sulpherdioxide (SO2 x 1.000.000 kg) 258.2 202.4 146.8 136.1

Nitrogenoxide (NOx x 1.000.000 kg) 588.2 479.3 498.0 488.8

Carbon monoxide (CO x 1.000.000 kg)

Chrome (Cr x 1.000 kg)

Copper (Cu x 1.000 kg)

Mercury (Hg x 1.000 kg)

Led (Pb x 1.000 kg)

Nickel (Ni x 1.000 kg)

Zinc (Zn x 1.000 kg)

Dioxines (gram)

1380.7

8.2

46.6

4.5

1030.5

91.0

345.4

1380.7

1141.3

8.6

44.9

3.0

269.0

84.8

331.5

1141.3

918.9

9.2

50.4

1.0

151.5

96.9

270.3

918.9

888.7

9.0

50.6

1.1

121.8

92.3

271.3

888.7

Source: RIVM, 1997
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Annex 3: Guideline for the case research on the

Directives for Domestic Waste Incinerators

Second draft,, Kris Lulofs, February, 9th 1999

Summary

To keep the workload within limits choices are made. The viscosity and also the challenge

of the research on the implementation of the MWID’s is found in the multiplicity of the

regulated substances and the multiple technology options for abatement. An abatement line

is mostly composed of two or more steps. Most steps abate more than one substance. The

distinguishable steps are interrelated and there are path-dependencies.

The clarification the national regulated substances:

In paragraph 1, besides an overview of differentiation patterns in the MWID, three tem-

plates are given to gather data on:

1 stricter and additional national regulation that is linked to the MWID’s;

2 stricter and additional national regulation that is not linked to the MWID’s but is relevant

for the disentanglement problem;

3 efforts put into monitoring and enforcement.

The selection of pollutants, time series and research population

In order to raise the understanding of the relations between pollutants to be abated, the

strictness of emission limits and the technological options, paragraph 2 gives bench-marks

for strictness of regulation, being followed by an assessment of technology that can be used

for the transformation process of incinerators. It ends with a template of primary and sec-

ondary technological options on which national verification is required because it is used for

the assessment of allocative efficiency. Paragraph 3 is about the choice of pollutants for

which data have to be gathered, a template about time-series and the research population. A

choice has been made to select only “existing” incinerators as they are defined in the

MWID’s. The research population has to be at least five or more “existing” incinerators

with a capacity of more than 6 tons/hour and at least five “existing” incinerators with a ca-
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pacity of less than 6 tons/ hour. Time series have to be gathered for the years 1985 and

1990 and 1997 (in some cases 1997 can be replaced by an earlier year, according to the

year of adjusting of the incinerator and/or the date set in the national legislation). The pol-

lutants for time series are minimal Dust and CO for existing incinerators with a capacity of

less than 6 tons and Dust, CO, HCL, SO2, and Cd+Hg (and if possible also HF, Pb+Cr+Cu+Mn

and Ni+As) for existing incinerators with a capacity of more than 6 tons.

The assessment of Environmental Effectiveness

For the pollutants mentioned above, environmental effectiveness is straight forward calcu-

lated on the basis of two indicators: Y= Y1/Y*EU x 100 and ^Y= (Y0-Y1)/Y0 x 100 (^ =

delta).

Also some information on the incineration sector as a whole is required.

The assessment of Allocative Efficiency

The differentiation pattern in use is straight forward measured with the indicator ^Y= (Y0-

Y1)/Y0 x 100 (^ = delta). The cost-characteristics of individual sources is more complicated.

The number, capacity and age of closed incinerators are indicators (of course: only if closed

because of the emission limits). The direct indicator cost/tons is not used, in paragraph 5 is

explained why. As indirect indicators the plant size (capacity), the plant age and the pre-

existing level of pollution are used. Next to these indicators a template on the technology-

grid is used to have an inventory of pre-existing and installed abatement measures (be it

primary or secondary).

The assessment of Allocative assessment

For reasons of conformity the SPRU template is in “unchanged”.

Administrative and compliance costs

Straight forward assessment with as indicators Person months spent on implementa-

tion/number of licensed plants and Financial resources spent on the implementation; both

with specification.

Causal analysis

In paragraph 8 some aspects of the causal analysis for the Netherlands are presented. It’s up

to the individual team to assess the relevant factors in their own country. On two aspects

explicit data are asked: on relevant changes on the composition of the waste (due to sorting

or prevention) and on the “why” question of investments done in incinerators
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1. The clarification the national regulated substances

In this paragraph the “characterization of the implementation process” is not on the

agenda, see the note on this from CERNA. However we can think of some specific addi-

tional aspects that could be relevant for the case research per country on domestic waste

incineration. These are presented in paragraph 1.2. First we go into the differentiation pat-

terns in the MWI-Directives.

1.1 Differentiation patterns in the MWI Directives

As far as outputs of sub-games are at stake it is important to get clear which European emis-

sion standards are relevant, given the characteristics of the incinerators in use:

Differentiation patterns in the Directives 89/369 and 49/429

Just refreshing the memory: 89/369 EEC deals with “new” incinerators (permitted before

December 1st 1990); 89/429 EEC deals with “existing” incinerators (permitted after De-

cember, 1st 1990). Basically the difference is that until 1/12 1996, there is a transitional

arrangement for existing incinerators with a capacity of more than 6 tons/hour, for plants

with a capacity of less than 6 tons/hour there is a transitional arrangement until December,

1th 2000 with an “important” step taken at December 1th, 1995. So there is no fixed Y*

being the emission limit for every incinerator (Y* being the emission ceiling according to

the Directive). The Y* varies according whether it’s a new incinerator or an existing incin-

erator and the capacity of the incinerator.

Differentiation patterns in 89/369/EEG according to capacity of the “new” incin-

erator, emission limits mg/m3

Member states had to meet the requirements of 89/369/EEG before 1 December 1990.

Table 1: Differentiation patterns in 89/369/EEG according to capacity of the incinerator,

emission limits mg/m3*:

Capacity
Pollutant

< 1 ton/hour 1 ton/h.- 3 ton/h. 3 tons/h and more

Dust 200** 100 30
Pb+Cr+Cu+Mn  - 5 5
Ni+As  - 1 1
Cd+Hg  - 0.2 0.2
HCl 250*** 100 50
HF “divided” 4 2
SO2  - 300 300
CO 100 100 100
Organic Compounds 20 20 20
*) standardized conditions 273 degrees K, 101,3 Kpa, 11% Oxygen or 9% CO2
**) if Oxygen = 17 %: 80, in special cases, and when the European Commission is informed and consulted a less
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strict limit is possible up to 500 mg/m3
***) if Oxygen = 17 %: 100

Additionally, combustion gasses should be heated upto at least 850 degrees Celsius for two

seconds, being Oxygen at least 6% or an alternative technology that performs at least as

good at PCDD’s and PCDF’s, checked by the authorities.

Finally, as far as technology is at stake all new incinerators have to be equipped with auxi-

lary burners.

Differentiation patterns in 89/429/EEG according to capacity of the “existing” in-

cinerator, emission limits mg/m3:

Member states had to meet the requirements of 89/429/EEG before 1 December 1990.

• If the capacity of the incinerator is 6 tons/hour or more:

- The existing incinerator has to meet the same emission limits as new incinerators on De-

cember, 1th, 1996, compare table 1.

- By December, 1th, 1996, Combustion gasses should be heated upto at least 850 degrees Cel-

sius for two seconds, being Oxygen at least 6% or an alternative technology that performs

at least as good at PCDD’s and PCDF’s, checked by the authorities. If there are serious

technical problems implementing these requirements, the deadline can be postponed until

the ovens are renewed.

• If the capacity of the incinerator is 6 tons/hour or less:

- The existing incinerator has to meet the same emission limits as new incinerators on De-

cember, 1st, 2000, compare table 1.

- The existing incinerator has to meet transitional emission limits on December 1st 1995.

Table 2: Differentiation patterns in 89/429 for the period December 1st 1995
until December 1st 2000<

 for incinerators with a capacity of less than 6 tons/hour, according to capacity, emission limits mg/m3*

 Capacity
Pollutant

< 1 ton/hour 1 ton/h.- 6 tons/h.

Dust 600** 100
Pb+Cr+Cu+Mn - -
Ni+As - -
Cd+Hg - -
HCl - -
HF - -
SO2 - -
CO 100 100
Organic Compounds - -

*) standardized conditions 273 degrees K, 101,3 Kpa, 11% Oxygen or 9% CO2
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**) if Oxygen = 17 %: 240

- By December,1 th, 1995, Combustion gasses should be heated upto at least 850 degrees

Celsius for a regulated time-span, being Oxygen at least 6% or an alternative technology

that performs at least as good at PCDD’s and PCDF’s, checked by the authorities. The

regulated time-span has to be “sufficient” and is set by the authorities

1.2 Implementation in national texts and permits

As far as outputs of sub-games are at stake it is important to get clear how the European

emission standards are implemented in national texts and permits:

Netherlands as illustration: not adapting differentiation patterns in regulation

In the experimental phase we assessed to what extend these differentiation patterns were

present in national regulation: In Dutch regulation capacity of the incineration plant is no

factor, all incinerators are treated the same. The date on “new” versus “existing” is set a bit

different compared to the EU-Directives. For “existing incinerators” there is a transitional

arrangement until January, 1th 1995. For most substances, after January 1th, 1995

“existing” have to meet the same emission limits as “new” incinerators (the exceptions are

minor and in line with EEC). And finally in the Netherlands the emission limits are set

stricter and we have limits on more substances than required by the EU. In Netherlands (and

also in France as I understood from CERNA), the influence of permitting authorities on

emission limits is marginal in the case of Domestic Waste Incineration (In the Netherlands

the situation on LCP’s is quite different with regard to the influence of the permitting

authority).

Relevance of the required data

Of course data on stricter and additional regulation is essential for the causal analysis/the

disentanglementproblem. Parallel to the indicator ^Y= Y1/Y*EU x 100 (first indicator for

environmental effectiveness) we should pay attention to stricter and additional emission

limits by using as a variant

^Y= Y1/Y*National x 100, so in theory we have Y*fr, Y*ge,Y*nl and Y*uk

But the emphasis should be on the pollutants that are regulated in the Directives first, sec-

ond the additional and stricter regulated pollutants that can be perceived as part as the

implementation of the Directives and only thirdly (if) additional and stricter regulated pol-

lutants that are regulated but cannot be linked to the implementation of the European. To

argue the importance of the last category: The regulation on dioxins makes additional steps
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in the abatement line necessary that have large impacts on the emissions of other regulated

substances (see the paragraph on technology).

Differentiation on what is a “new” incinerator and what is an “existing” incin-

erator

In the experimental phase we assessed to what extend these differentiation patterns were

present in national regulation: In Dutch regulation capacity of the incineration plant is no

factor, all incinerators are treated the same. The date on “new” versus “existing” is set a bit

different compared to the EU-Directives. For “existing incinerators” there is a transitional

arrangement until January, 1th 1995. For most substances, after January 1th, 1995

“existing” have to meet the same emission limits as “new” incinerators (the exceptions are

minor and in line with EEC). And finally in the Netherlands the emission limits are set

stricter and we have limits on more substances than required by the EU.

Monitoring and enforcement

As monitoring and enforcement can be a relevant aspect it is important to have informa-

tion on (1) the efforts put in monitoring, (2) the level of non-compliance (3) enforcement

steps taken.

Summarizing: Template of questions to be answered on national emission limits

related to MWID

Are there stricter emission limits in national legislation that are connected to the imple-

mentation of the EU-Directives (MWID)?

Are there stricter emission limits in permits that are connected to the implementation of

the EU-Directives (MWID)?

Are there additional emission limits in national legislation that are linked to the implemen-

tation of the EU-Directives (MWID)?

Are there additional emission limits in permits that are linked to the implementation of

the EU-Directives (MWID)?

Are there stricter or additional emission limits in permits that are not  linked to the imple-

mentation of the EU-Directives (MWID)?

Are the concepts “new” and “existing” incinerators defined different from the EU-

Directives (MWID)?

Are the same categories on capacity used as in the EU-Directives (MWID)?
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Summarizing: Template of questions to be answered on relevant national limits

that are not connected to the implementation of the European MWI Directives

Are there relevant previous or stricter emission limits in national legislation that are not

connected to the implementation of the EU-Directives (MWID)?

Are there relevant previous or stricter emission limits in permits that are not  connected to

the implementation of the EU-Directives (MWID)?

Are there relevant  additional emission limits in national legislation that are not  linked to

the implementation of the EU-Directives (MWID)?

Are there relevant additional emission limits in permits that are linked to the implementa-

tion of the EU-Directives (MWID)?

Summarizing: Template of questions to be answered on national monitoring and

enforcement

What efforts are put in monitoring?

What was the found level of progress/compliance?

Which enforcement steps were taken?

2. Strictness of emission limits and technology-options applied

Technology options are related to the emission limits that have to be achieved. Stricter

limits require more technology. Paragraph 2.1 and 2.2 elaborate the expected contingencies

between emission limits and technology options.

2.1 Emissions without purification equipment

To be able to judge the strictness of limits, the benchmarks are found in estimates of the

emissions of incinerators without purification-equipment.

Table 3: Emissions of domestic waste incinerators without purification equipment

Dust 4000 - 10000 mg/m3

HCl 400-2000 mg/m3

HF 3-20 mg/m3

CO 30-200 mg/m3

Organic compounds 1-10 mg/m3



Adjustments in the Dutch domestic waste incineration sector Kris Lulofs

Research Paper 2000-B-6 68

SO2 100-800 mg/m3

Nox 300-500 mg/m3

Heavy metals 10-20 mg/m3

Cd 0.2 - 0.5 mg/m3

Hg 0.2 - 1 mg/m3

Dioxines 5 - 100 ngr./m3

2.2. Technology options on abatement

There are primary measures and secundary measures. Primary measures are process inte-

grated, secundairy measures are end-of-pipe technology.

Primary measures

Primary measures on the input side of the oven.

If substance that do not burn well are removed C and CO decreases.

If there is no PVC in the waste that has to be incinerated, HCl can decrease by 50%. The

same is valid of course for heavy metals. F and S are also components that are on the

agenda to remove on the input-side of the oven. If an individual incinerator is trying to de-

crease these substances in the composition of the waste (to be burned) it is indeed a primary

measure. Costs can be made to sort substances out of the incoming streams.

The substance CO have to be abated by optimizing the burning process. The aim is constant

and complete burning, the design of the burner and oven can be optimized, raise burning

temperature and a better mixture of waste and air (Higher Reynolds characteristics, this

means more turbulence, which yes, raises the concentration of dust). The temperature

should be held on a high enough level for a long enough period. Auxilary burners are usually

perceived as primary technology. Primary measures on dust are possible by controlling the

speed of air flows (and thus the speed of the burning process in the fireplace/oven. The re-

sult is of course more dust in the residual.

Secondary measures

Secondary measures come in steps that can be added to existing equipment. Usually the or-

der of steps is as the order of the enumeration below:

Step 1 in the abatement line

For secondary measures two technologies are most frequently used for the abatement of
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dust. First, most frequently used there is the electric filter (abates up to 95 %), the “and/or”

alternative is the canvas-filter (abates up to 99.9%). A canvas-filter performs better on

small particles. A multiple electric filter is also possible. Side effect of abating dust is that

heavy metals with a high boiling point are reasonable well abated. If an electric filter is not

sufficient, following steps in the abatement technology usually abate enough dust and met-

als. In certain cases this is not a valid statement for low boiling metals, like mercury, they

are not so well abated. If still problematic, substances can be added that increase abatement

of these metals in following wet steps (to abate acid substances) in the abatement technol-

ogy. Another theoretical thinkable alternative secondary measure is an active coal filter,

this is usually an element of the abatement equipment that abates dioxins.

Step 2 in the abatement line

In order to abate the acid substances HCl, HF and SO2 a second step can be added to the

abatement equipment. In principle there are four options. All use in order to absorb Ca

(CaO) or NaOH: in a dry system the absorbing substance is blown in the combustion gasses.

In a semi-dry system the absorber is in a slurry, the process starts wet and ends dry. In a wet

system the absorbents are in a total wet washing process. Finally there is a semi-wet system.

This last alternative is basic a wet washer. The wet residual is added to the stream of com-

bustion gasses in a spraying-tower. Experts claim that the investment costs and the running

costs usually increase in the direction that these options are presented here. In this second

step a perecentage of Mercury, Dust and Dust on which heavy metal stick are also abated as

a side -effect. Also some of the organic compounds (CxHy) will be removed. Nox and di-

oxins are not removed well in this step. The advantage of the semi-wet system is that the

solid residual is small and there is no emission to water (that has to be abated depending on

regulation). An strategic advantage can be found in a dry system when it is combined with

the injection of active coal and CaOH. It abates dioxines well and can replace the active

coal filter (third step).

This could very well be the end of the list of abatement technology that is necessary to per-

form according to requirements of the MWI-Directives. It will not be the end of technology

installed in Germany and the Netherlands in order to meet national requirements:

Step 3 in the abatement line

The third step is the active coal filter. Coal is used as an absorbent for dioxines , furans,

PCB’s and an-organic substances like dust, heavy metals (good on Hg, Cd and Pb), HCl, HF

and SO2.

In active coal filters there are two categories of processes. Firstly a physical absorption

process that is effective on heavy metals, HCl, HF and Dust. The second category are
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chemical processes: A catalytic reaction that absorbs organic compounds. SO2 is oxidized to

SO3 by O2. Mercury reacts under the catalytic influence of coal to HgS. Under certain cir-

cumstances emission of CO can raise. An active coal filter is in the Netherlands by the trade

association also known as the so called “Polizeifilter”: For dioxines it is an often necessary

step, it is tricky to try it without. It offers the secure feeling that also for SO2, mercury and

dust the Dutch emission limits can be reached, even is there is a malfunction in other steps

of the abatement equipment

Step 4 in the abatement line

On fourth place there is the deNox step. There are primary measures (controlling the proc-

ess of burning by manipulating the supply of air) and secondary measures. Primairy

measures can decrease Nox by about 60%. When that is not enough end-of-pipe technology

is inevitable. That end-of pipe- technology is available in three packages: selective non

catalytic reduction (SNCR), reduction between 50 and 70 percent, selective catalytic reduc-

tion (SCR, upto about 90 %) and a wet system (oxydation-absorption-reduction) (upto 95 %

but also of SO2). DeNox equipment is expensive. Costs increase in the order the options are

presented Therefor it is not always first choice as a step in the abatement equipment (al-

though Nox abatement in the “second step” is very small) .

NSCR has a disadvantage: NH3 emissions and CO emissions increase if Nox concentration is

going below 50 mg/m3. If the abatement is well controlled, Nox level is stable at 70mg/m3,

the negative effects are very small.

SCR can also work on dioxins: Dioxins and furans are oxidized to CO2, H2O and (being a

regulated substance) HCl. The efficiency for Nox abatement decreases if this option is used.

Besides that, SCR is a “tail-end system”. This increases the use of energy. An alternative is

to place it behind an high temperature Electric filter, combustion gasses don’t need to be

heated again in this situation. It is more expensive because of the limited life-span of the

catalytic converter (3 years), even if it is placed tail-end.

Temperature control and control of additional substances

When all steps are added into a line of abatement equipment temperature control and the

control of the added substances becomes extremely important. A lot of abatement can be

gained by optimizing. Especially the emissions of dioxins are influenced by the process con-

trol in different and between steps

Finally it is possible that an incinerator is in the research project where the deNox step is

integrated in the active coal filter. It requires extreme process control.
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The template on the next page is the one to be verified by national experts in order to as-

sess whether it can be used (compare assessment on allocative efficiency):

Template on technology
Please indicate what abatement measures were taken before 1990 and indicate

renewals and additions since 1990

measure
installed before 1990 overhauled since 1990 added since 1990

sorting waste
optimizing burning
optimizing oven
temperature control
auxilary burners

electric filter
canvas filter

dry system*
semi dry-system*
wet-system*
semi-wet system*

active coal filter

deNOx: SNCR**
deNOx: SCR**
deNOx wet system**

*): Mostly aiming at abatement of HCl, HF and SO2: in a dry system the absorbing substance is blown in the com-
bustion gasses. In a semi-dry system the absorber is in a slurry, the process starts wet and ends dry. In a wet
system the absorbents are in a total wet washing process. Finally there is a semi-wet system. This last alternative
is basic a wet washer. The wet residual is added to the stream of combustion gasses in a spraying-tower.
**): Selective non catalytic reduction (SNCR), selective catalytic reduction (SCR) and a wet system, abates also
SO2 (oxydation-absorption-reduction).

3. Selection of pollutants, time series and research population

How to select pollutants for the gathering of data is topic of paragraph 3.1, the research

population is discussed in paragraph 3.2.

3.1 Pollutants for time-series

Time series

In principle the set of substances that is regulated by the European Directives can be used to

gather data on air pollution by the incineration sector. Relevant time series cover the years

1985-1990 and 1997, being the period 1990-1997 the years in which adjustment of existing

incinerators took place in the Netherlands and probably will have in other countries. Ex-

panding the time series to previous years until 1985 seems necessary in order to have

suitable time-series for the causal analysis. A sufficient time series would be 1985, 1990 and

1997. Of course 1997 can be a problem. The reason for this recent year are the dates set in
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the European Directives: The latest compliance date is December 1th 1995 for existing in-

cinerators with a capacity < 6 tons/hour and December 1th, 1996 for incinerators with a

capacity of more than 6 tons/hour. If transformation process of incinerators is already fin-

ished, or the date in national legislation is set earlier, it might as well be 1995.

Pollutants

Pollutants that are regulated by the MWID: dust, heavy metals (3x), hydrochloric acid

(HCl), hydrofluoric acid (HF), sulphur dioxide (SO2), carbon monoxide (CO) and organic

compounds, all mg/m3. Collecting data for these time series provides us with the necessary

data to calculate some indicators and a basis for the causal analysis/the disentanglement

problem. But not all incinerators are regulated on all pollutants.

All existing incinerators are regulated on Dust and CO

Until December 1th, 2000 the only limits for existing incinerators with a capacity of less

than 6 tons/h. are on Dust and CO.

Compared with the EU limits set, limits on dust seem to require technology. Dust usual is

abated partly by an electric filter, the alternative being a canvas filter (which is also part of

an advanced equipment in a step further down the equipment line). In average abatement

lines Dust is also abated in step 2. In advanced equipment the active coal filter also abates

dust.

CO has to be abated by primary measures. It is questionable to which extend the Eu-limits

require substantial investments.

All existing incinerators with a capacity > 6 tons/h. are also regulated on HCl, HF and

heavy metals (Pb+Cr+Cu+Mn; Ni + As; Cd + Hg)

The emission limits on HCl, probably HF and probably SO2, require technology. There are

possibilities for primary measures (compare paragraph on technology). These primary

measures could be sufficient for existing incinerators (< 6 tons/h), compare table 1, 2 and 3.

The regulation on heavy metals also requires technology.

Limits on organic compounds don’t seem to de too serious

The limits on organic compounds don’t seem to imply technology.

Template on minimal data requirements: time series 1985, 1990 and 1997 (1997

can be replaced by 1995, see the arguments above)

Dust and CO for “existing” incinerators with a capacity < 6 ton/h.
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Dust, CO, HCl, SO2 and Cd + Hg (and if possible HF, Pb+Cr+Cu+Mn and Ni + As) for ex-

isting incinerators with a capacity of more than 6 tons/h.

Of course data on more substances is appreciated for all incinerators in the research popula-

tion.

Data availability:

Sometimes problems can be solved knowing that the amount of m3 combustion gasses pro-

duced per ton domestic waste incinerated is relatively stable. It would not be right to say the

amount of m3 is absolutely stable. Theoretically, it depends on the composition of the

waste that is burned. The volume of air that is necessary to burn 1 kilo of waste can be cal-

culated. Theoretically the input volume of air = 0.0895 x C + 0.2685 x H + 0.0335 x S -

0.0335 x O (C, H, S and O being the determined weight of relevant chemical elements in

the waste). Usually the necessary input of air will be between 2.0 and 2.6 m3. Often/almost

always an overflow of air is used up to 200 - 250 %. Combustion gases per kilo incinerated

waste will then raise up to an empirical average between 4 and 6.5. The empirical value of

4.75 m3, is calculated for the Netherlands.

The expected averages of 4.7 (Netherlands 1995) - 5.2 (Belgium, late eighties) have to be

checked whether the are valid for other countries.

So knowing the tons waste incinerated and emissions in kg. or tons makes it possible to cal-

culate average mg/m3. If the percentage of compliance is known and the amount of waste

incinerated, the emissions in kg. and tons can be calculated etc. ). By that we can assess goal

attainment and the level of compliance for the domestic waste incineration sector as a

whole or for individual incinerators.

Additional national limits

If there are additional national limits, those limits can be used additionally (not “in stead

of”). An example are additional national requirements like those on nitrogen-oxide and di-

oxins in the Netherlands. But the emphasis should be on the pollutants that are regulated in

the Directives first, second the additional regulated pollutants that can be perceived as part

as the implementation of the Directives and only thirdly (if) additional regulated pollutants

that are regulated but cannot be linked to the implementation of the European Directives.

3.2 Research population

A first step to be taken is to determine the structure of the national incineration sector and

the assessment to what extend the necessary data (time series on emissions) are available
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for the whole incineration sector and for every incinerator separately. Bilateral between

CSTM as coordinator of the MWI-case and CERNA, SPRU and UFZ we can discuss the re-

search population.

Anticipating on these short bilateral deliberations we can say something about priorities:

Sampling

Of course most alluring is the situation where complete set of data for the sector as a whole

and all individual incinerators can be collected. If there is only a limited number of incinera-

tors we can study all. If this is not practicable because of difficulties in getting the necessary

information efficient (workload per incinerator) or the number of incinerators (total

workload) a sample can be considered. For France, where there are 70 large incinerators and

300 small ones, a sample has to be drawn. The outlines of such a sample are known. In the

Germany and in the Netherlands the incineration plants are generally speaking large. In the

larger incinerators (more than 6 tons/hour) probably best conditions are there for compari-

son. In France and probably the UK there are also small incineration plants. Cerna believes

that these small incinerator are the ones that are not complying and besides that they are of

significant interest by themselves. Small incinerators are part of the research project also.

Probably only a comparison can be made between less than four countries. But that is no

problem.

Data on the aggregate level of the whole municipal waste incineration sector

Data on the whole incineration sector (aggregate level) are also appreciated. It makes it

possible to qualitative assess to what extend the incinerators in the research population per-

form above or below average (and give an indication to what extend they are “out-layers”).

These data include number, age and capacity of incinerators and aggregate time series on

emissions.

If sampling is necessary, see to it that at least five existing incinerators with a capacity of

more than 6 tons/hour are in the sample and at least five existing incinerators with a ca-

pacity of less than 6 tons/hour are in the sample.

If cement ovens are part of the research population, this should be explicit. Regulation can

be different from a normal incinerator. The differences should be explained.

Sampling strategies

Possibilities for generalization of results depend on the sampling and the assumptions we ac-

cept. The sampling method is relevant. A random sample is always attractive. But there can
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be arguments for a non random sample. A possible selection criterion should be, see above,

the capacity of the incinerator. Other criteria could be the level of pre-existing pollution ,

the age etc. Nevertheless there should be, if available anyway, enough larger incinerators in

the population. Simple because if in the Netherlands and Germany only large incinerators

exist and are being researched. As a strategy we could start selecting and then see if the nec-

essary data can be obtained. A second possibility is to first find out for which incinerators

the changes of gathering the data are good. The emissions for 1990 (and less essential

1985) could well be the crucial factor. When using the second strategy it has to be checked

if we are not selecting on good boy/bad boy by this.

4. Environmental Effectiveness

Indicators for environmental effectiveness

We prefer two indicators for environmental performance, being the first one an indicator

that includes the normative ambition level (Y*):

^Y= Y1/Y*EU x 100

Calculated for Dust and CO for “existing” incinerators with a capacity < 6 tons/h.

Calculated for Dust, CO, HCl, SO2 and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and

Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

With Y1 being the environmental result and Y*EU being the environmental objective in the

Directive. With Y1 now stating the emission for relevant years and Y*EU the emissions

ceiling set out in the Directive. Of course this indicator, showing percentage compliance,

makes meaningful comparison between countries possible. But it is easy to see that being

the other parameters fixed, percentage compliance depend on the normative ambition level

(Y*EU). In the case of the Municipal Waste Incineration the EU-Directives take into ac-

count the date of permitting and the capacity of the plant (Y*EU varies).

For existing incinerators not only the capacity is relevant. If the capacity is 6 tons/h or

more the incinerator has to meet the same limits as a new one on December, 1th, 1996. If

the capacity is less than 6 tons/h, the relevant date is December 1th 1995 and December

1th 2000 (compare table 2). For incinerators with a capacity of less than 6 tons/hour there

is a small complication: only since December 1th, 1995 they are regulated on dust and CO

and only by December 1th, 2000 they are regulated (almost) the same as new incinerators

with an equal capacity. Because we evaluate compliance we have to recognize that the ex-

isting rules for dust and CO are in fact intermediary goals. The final goals for 2000
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comprehend more substances and include stricter limits. We would suggest to use the inter-

mediate goals/existing rules for Dust and CO for assessing compliance for these incinerators.

The second indicator

^Y= (Y0-Y1)/Y0 x 100 (^ = delta)

Calculated for Dust and CO for “existing” incinerators with a capacity < 6 ton/h.

Calculated for Dust, CO, HCl, SO2, and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and

Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

where Y0 is the initial level of emission in 1990 and Y1 being the environmental result. This

is just one of several options to express goal attainment and just gives pollution abatement

as percentage of the initial pollution, in other words pollution abatement (Keeping other

factors as the amount of waste incinerated fixed). It is a simple, efficient indicator. It indi-

cates to what extend the sector is moving towards the goals (Y*), not  stating the exact level

of compliance (leaving the normative ambition level (Y*) out).

For every incinerator the capacity and the year it was brought into use has to be clarified.

5. Allocative efficiency

Allocative efficiency has been defined as the “fit” between the differentiation of abatement

effort of the emission sources and the pollution abatement cost characteristics of the

sources.

Step 1: Get knowledge about the differentiation patterns in use:

So basically the outcome of the analysis could be a description of the differentiation pat-

terns in pollution abatement.

The proposed indicator:

The indicator expresses directly the decrease of emissions as percentage of the original

pollution.

^Y= (Y0-Y1)/Y0 x 100.

Where Y0 is the initial level of pollution in 1990 and Y1 is the actual level of pollution in

1997 (1997 can be replaced by, for instance, 1995, see the arguments in paragraph 3.2) (to

be expressed both in mg/m3 and tons)
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-Calculated for Dust and CO for “existing” incinerators with a capacity < 6 ton/h.

-Calculated for Dust, CO, HCl., SO2 and Cd + Hg (and if possible for HF, Pb+Cr+Cu+Mn and

Ni + As) for existing incinerators with a capacity of more than 6 tons/h.

Both in tons and in mg/m3 , for suggestions see paragraph 3.1 data-availibility

Step 2: Cost-characteristics of individual sources

The direct indicator “tons of abated pollution/costs ” is not used. At the end of this para-

graph this will be explained.

A first category of costs can be found if some old incinerators are closed because of the

costs to transform them in order to comply witch the emission limits set. We need to assess

whether old incinerators are closed down because of the MWID. To quantify the costs can

of course be very difficult.

Template on costs for closing down incinerators

The number, capacity and age of the closed incinerators should be the indicators.

The second category of costs are those made to adjusting incinerators:

Template on costs for adjusting incinerators

We use indirect indicators as proposed by Cerna:

Indicator: the plant size (in terms of quantity of output)

Operational measured as the quantity of input: capacity (tons/year)

Indicator: the plant age

Indicator: the initial environmental performance, i.e. the pre-existing level of  

abatement (based on Yo)

Operational: emissions 1990

On the status of the indicators: During the experimental phase we concluded that the costs

for abatement correlated with the pre-existing emissions, both in tons as in mg/m3. Correla-

tion between capacity and costs and between age and costs are present but less perfect.

Because plant size and age are easy to access and also necessary to describe the sample in-

cinerators in the context of the whole national incineration sector, we gather all three.
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In order to have additional information on technology and not be too vulnerable in our as-

sumptions made by the use of indirect indicators, we use the following template:

Template on technology

Please indicate what abatement measures were taken before 1990 and indicate

renewals or additions since 1990

measure
installed before 1990 overhauled since 1990 added since 1990

sorting waste
optimizing burning
optimizing oven
temperature control
auxilary burners
electric filter
canvas filter
dry system*
semi dry-system*
wet-system*
semi-wet system*
active coal filter
deNOx: SNCR**
deNOx: SCR**
deNOx wet system**
*): Mostly aiming at abatement of HCl, HF and SO2: in a dry system the absorbing substance is blown in the com-
bustion gasses. In a semi-dry system the absorber is in a slurry, the process starts wet and ends dry. In a wet
system the absorbents are in a total wet washing process. Finally there is a semi-wet system. This last alternative
is basic a wet washer. The wet residual is added to the stream of combustion gasses in a spraying-tower.
**): Selective non catalytic reduction (SNCR), selective catalytic reduction (SCR) and a wet system, abates also
SO2 (oxydation-absorption-reduction).

So we have insight in Y0, Y1 , the age, capacity and measures being taken. This should be

enough to make us not too vulnerable on our indicators.

On not using the indicator “tons of pollution abated/costs”

Normally the adjustment of incinerators is done in a package. This package consists of pri-

mary steps (controlling the incineration process more careful) and secondary steps (adding

end of pipe technology). The adjustment is not a continuous process, and so the marginal

cost curve exhibits discontinuities. And more precisely, at first sights it is made out of flat

segments (like a stairway). It is complicated by the fact that there is no marginal cost-curve

for all pollutants but there is a curve for every pollutant and these curves are not independ-

ent: there is a range of pollutants on which incinerators probably are, under the influence of

the implementation of the European Directives, shifted from a lower percentage point of

emission abatement to a higher percentage point of emission abatement. The abatement

solution of each pollutant is not independent from other pollutant abatement options, and

consequently also not independent from the national context (stricter and additional emis-

sion limits that might as well be not connected to the MWID). Equipment aiming for one

pollutant can have positive or negative side-effects on other pollutants. The longer the line
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of abatement equipment is, the more complicated it gets (see the paragraph on technology

options).

And there are path dependencies: For existing incinerators the costs to reach for required

abatement levels is not only dependent on their starting-position of emissions in a quantita-

tive way but also depending on previous decisions in a qualitative way. Sometimes previous

abatement equipment is compatible with new steps, in other cases these new steps become

more costly because they also require replacement or changes in existing abatement equip-

ment. So in practice extreme expensive new steps can follow on cheap predecessors, and

extreme cheap new steps can follow on previous expensive measures.

There is a disentanglement problem also. A sound assessment requires often a qualitative de-

scription of what happened in terms of technology. Description of which abatement-

technology was present before the MWID’s and which changes in primary and secondary

technology were added is inevitable. In the easy cases there are only primary measures, an

E-filter (step 1, compare paragraph on technology) and an “acid step” (step 2, compare

paragraph on technology). The E-filter might be there before MWID and it might be re-

newed. If there is a longer line of abatement equipment installed we should be aware that

these additional steps raise the abatement of the pollutants we are focusing on, but are pri-

mary installed for the abatement of other pollutants. It would be a mistake to conclude that

marginal costs are raised on the basis of quantitative data without admitting that the costs

are made for abatement of NOx or dioxins, or even worse: to include SCR-equipment in the

costs for HCl abatement. It adds HCl, it doesn’t abate HCl. So to know what is installed is as

important as to know why it is installed.

The solution to avoid all problems and to keep the workload low is to work with the indi-

rect indicators in combination with insight in the technology-grid of the incinerator.

6. Productive efficiency

The assessment of productive efficiency will be a matter of qualitative methods.

With a template on productive efficiency the following information is gathered:

i Constraint put on incinerators

ii The degree of freedom of choice left to the management of the incinerator

iii The informational “events” that are taking place in the course of the implementa-

tion process which increase the technical decision maker’s information level
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iv The degree of flexibility pertaining to the timing of compliance (the degree of free-

dom let to firms regarding the date of compliance)

Template on productive efficiency

1. Were any new constraints on existing incinerators introduced as a result of the imple-
mentation of the MWID?
Yes/No

2. Was the abatement technology to be adopted specified for existing incinerators?
Yes/No

 If yes, a) give details of technology specified…

 b) by what date was this technology to be installed?

3. Were there external constraints upon operators’ commercial freedom with respect to:

  - the closure of plants Yes/No

  - take primary measures (sorting waste, optimising burner/oven, optimising burning 
 process)   Yes/No

  - use of end-of pipe technology Yes/No

4. If yes, please specify (in particular were these constraints internal or external to the
MWID implementation regime?)…

5. Has a timetable been specified for upgrading existing incineration plant to the new
standards? Yes/No

If yes, by what date must this be achieved?

  And,

  Where was this requirement specified: i.e. in the National Programme, plant licence, etc
(give details)?

6. Were (if applicable) multi-site operators provided with any flexibility regarding the lo-
cation of the emissions reductions to be achieved?

Yes/No

If yes, please specify…

7. Describe any informational "events" that took place in the course of the implementa-
tion process, which were promoted by the regulator as measures accompanying the
implementation processes.

7. Administrative and compliance costs

We suggest as indicators:

i Person months spent on implementation/number of licensed plants
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Operational: dissaggregate between government and industry. In the category government

dissaggregate if possible between implementation and monitoring and enforcement and to

the level of government.

In order to assess the hypotheses we need also have knowledge about other costs that were

made for the implementation.

ii   Financial resources spent on the implementation

We do suggest to elaborate to what extend resources other than personnel is spend that

should be considered as administrative costs: coordinating costs, studies on technology op-

tions, demonstration-projects and subsidies.

8. Causal Analysis

Some remarks on the start of the causal analysis that requires some additional information:

The second indicator for environmental effectiveness states compliance (be it for all incin-

erators or for pragmatic reasons only for a random or select sample of incinerators):

 ^Y= Y1/Y*EU x 100

The first indicator for environmental effectiveness states the decrease of the initial pollu-

tion that has to be explained by the EU Directives or other factors:

^Y= (Y0-Y1)/Y0 x 100

The time series on pollutants indicate how much has been achieved during the crucial period

in which the incineration sector had to be adjusted on account of the EG-directive (be it for

all incinerators or for pragmatic reasons only for a random or select sample of incinera-

tors). In the context of the time series alternative explanations can be reviewed.

First of all being autonomous developments/external factors an explanatory factor. Of

course the time series is a first instrument for assessing whether autonomous developments

can explain a part of the environmental outcome.

Stricter National Limits

A special case of autonomous development/external factors is stricter national regulation

that is not  driven by the translation of the EU Directives into national legislation. The next

indicator for environmental effectiveness gives an answer to whether more assessment on

this point is necessary:
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^Y= Y1/Y*National x 100

When ^Y= Y1/Y*National  x 100 is larger than ^Y= Y1/Y*EU x 100 the question has to be as-

sessed whether the stricter national legislation is trickered by the EU-Directives or by other

factors. The answer might come from the study on the Characterization of the Implemen-

tation process, sometimes additional qualitative information could be necessary.

When ^Y= Y1/Y*National  x 100 is smaller than ^Y= Y1/Y*EU x 100 the question has to be as-

sessed why the EU-Directives are not implemented by the country. The Environmental

outcomes could be smaller than if the country would have implemented the EU-Directives.

The same holds for emission limits on additional substances.

Causal analysis

In the experimental phase we came across a number of -not necessarily independent- fac-

tors that also explain events and cannot be considered as part of the implementation of the

European Directives:

1.  Growing awareness and knowledge of environmental problems

2.  Intensified “progressive” national environmental policy

3.  Environmental incidents with waste incineration plants that potential endanger human

health and the economic important dairy-food sector

4.  Previous and stricter regulation for air-emissions of waste incinerators

5.  Soil pollution near landfillings (“controlled dumping”), leading to a shift in waste policy

from “landfilling” to incineration: growing amount of waste incinerated

6.  Market characteristics/industrial structure: ownership in public hands/markets closed

7.  Monopoly-power- net costs can be given through to the owners and market/customers

8.  Increasing knowledge on the possibilities to reduce air emissions from waste incinerators,

seeing other countries do it

9.  Development of technology

In the Netherlands the plausible model for explanation includes a stricter environmental

policy and growing environmental awareness in the late eighties. Incidents with land-filling

led to a shift in the waste policy from land-filling to incineration. The implementation of
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this shift was endangered by incidents with existing incinerators. Extension of incineration

capacity was only political feasible under strict regulation. The incidents concerned meanly

dioxins. Technology for abatement of dioxins was available in the late eighties. Regulating

dioxines and using this technology led to over-compliance on other substances. The market

structure (closed markets), ownership structure (governments) and the system of retribu-

tions did not make the costs most important. Besides these events, the waste policy did

include prevention of waste and sorting of waste. Finally incineration-plants were keen on

their image.

This enumeration of explaining factors we came across in the experimental phase is rele-

vant for the Dutch situation, to what extend these or other relevant factors are explaining

in France, Germany and the United Kingdom is a job for the individual research team.

Finding an answer to what extent the input has changed could be essential:

Information is necessary to what extend the amount of waste to be incinerated increased or

decreased from 1990 to 1997 and to what extend the amount of substances like bad burning

substances, Cl, F, S was decreased.

If there is over-compliance, image could be an explaining factor (at the level of the Dutch

waste-board it is perceived that in Germany this is even a stronger driver for incinerators

than in the Netherlands), the “why-question” becomes relevant next to the template on

productive efficiency:

A simple model explains :

There is the real or true rational world:

- Alternatives (technology and timing)

- Consequences of alternatives (emission-abatement/costs)

There is the subjective world of the decision-maker:

- Information on alternatives

- Information on the consequences of alternatives

There is decision-making:

- Weighting the alternatives and their consequences by the decision-maker on the ba-

sis of the information the decision-maker has at his disposal.
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For assessing the weighting of alternatives and consequences the next template could be

used:

Draft template for the national assessment of productive efficiency

To what extend was meeting the emission requirement an important factor?

1= not important 5= very important

To what extend was anticipating on future emission an important factor?

1= not important 5= very important

To what extend was the image of the company as an environmental friendly company important?

1= not important 5= very important

To what extend was over-compliance important?

1= not important 5= very important

To what extend were the costs important?

1= not important 5= very important


