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Summary 
 
There can be little doubt that the development of a comprehensive policy on 
hazardous waste production and management is an urgent and essential 
requirement for South Africa.  
 
It is disturbing, however, to see that the current consultation and most of the 
associated reports appear to have been developed in a policy vacuum and 
have tenuous, if any, links with the emerging waste policy framework in 
South Africa.  No explanation is offered for the failure to do this and it is 
assumed that the reason is largely related to the appointment of external 
consultants with little knowledge of the previous developments. 
 
An alternative, possibly less charitable explanation, would be that such 
linkages would highlight the failure of DEAT to deliver on previous promises 
and deadlines.   
 
It is important to recognise these failures, however, as they are indicative of 
some of the problems of developing an appropriate policy, legislative, 
regulatory and operational framework for wastes where little or none 
currently exists.  The over-optimistic projections made at the end of the last 
century risk being repeated  - but with possibly greater environmental 
damage and with greater risks to the credibility of the administration, if the 
current rush to sanction thermal treatments is not appropriately tempered 
with the reality of the current capacity for effective regulation and control.   
 
The evidence indicates that the environmental costs of landfill and 
incineration are broadly similar but the social costs of incineration are much 
higher because of the higher capital costs.  Therefore, rather than place such 
strong emphasis on incineration and thermal treatment at this stage, it is 
strongly recommended that DEAT should focus on longer term and more 
sustainable solutions.  Priority should be given to waste minimisation and 
implementation of the Zero Waste declaration made at Polokwane in 2001. 
 
This submission is divided into a several Annexes dealing with different 
aspects of the consultation documents.  At attempt has been made to make 
each of these relevant to the formulation of appropriate policy and the 
emphasis has been on the policy development issues rather than the technical 
assessment of the consultation documents and literature reviews.  Inevitably, 
however, elements of the submission have been drawn into more technical 
discussions. 
 

The Existing Policy Framework and Context: 

 
The recent historical legacy of the incineration in the US, Japan and Europe – 
where serious contamination has been caused through high emissions to 
atmosphere and careless handling of ash residues could all too easily be 
repeated in South Africa.  The cost to the waste management industry of 
overcoming those problems in the developed world has been enormous – 
both financially and in loss of credibility and public goodwill. According to 
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Lukey et al., (Lukey, Brijlall et al. 2004) and Seeliger et al. (Seeliger, van der 
Westhuizen et al. 2003) the South African government has been perceived to 
be unwilling and/or unable to enforce pollution and waste-related legislation 
(Godfrey and Nahman 2007).  It is vital that South Africa in this late rush to 
make apparent progress should learn from these mistakes. 
 
In 1999 the National Waste Management Strategies and Action Plan (South 
African Department of Environmental Affairs and Tourism (DEAT) 1999) laid 
out the “immediate objectives” which were to be achieved by implementation 
of this Action Plan over the period July 1999 to December 2004.  These 
objectives included the development of first generation integrated hazardous 
waste management plans which were to be developed by the provincial 
environmental departments and reviewed by national government within the 
period 2002 to 2004.  The plan required that municipalities to finalise their 
IWMPs by 2003 and that they “will be ready for implementation in January 
2005”. 
 
Yet Godfrey (Godfrey and Nahman 2007) reports that as at mid-2005, only 
58.3% of municipalities who responded to their questionnaire had completed, 
or were in the process of completing, an IWMP. Of those municipalities that 
have completed IWMPs, many of these documents are in fact only Status Quo 
Analyses, a first step towards IWMPs. 
 
A review of capacity assessments of local municipalities in South Africa 
(Municipal Demarcation Board 2005) indicated that 59.7% of municipalities 
could not fully perform their waste management functions as assigned to 
them under legislation, due principally to insufficient budgets, insufficient 
staff and insufficient equipment.  
 
The development of waste policy in South Africa has been closely followed 
and recently reviewed by Godfrey (Godfrey and Nahman 2007) 
The findings of on-going research conducted within South Africa on waste 
policy instruments shows that while typical command-and-control 
instruments lack effective monitoring and enforcement, alternative policy 
instruments such as economic or information based strategies, are either slow 
to find favour or fail soon after implementation.   
 
Developing countries, such as South Africa, face a number of challenges to the 
successful implementation of alternative, first world, waste policy 
instruments including institutional challenges (financial and human 
resources); insufficient political support; an unsupportive legal environment; 
lack of clarity regarding the role of government and the intention of policy, 
leading to a lack of ownership and to ineffective policy; and a lack of 
supporting data.   
 
These challenges do not, however, imply that there is no place for such 
instruments in developing countries. Instead, what is needed in the 
implementation of waste policy instruments in developing countries is a 
stage- based, tailored approach, which takes cognisance of identified 
challenges in their design and implementation, thereby recognising the 
realities of developing country circumstances.  There is no evidence that this 
approach has been adopted in the current consultation documents nor is there 
any obvious recognition of the fundamental importance of the range of policy 
instruments that are required if an holistic waste strategy, with emphasis on 
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reduction and elimination is to be implemented.  The likely outcome of the 
current approach would be piecemeal approval and authorisation of 
incinerators and cement kilns without any coherent strategy for optimising 
regulatory control or minimising environmental impacts.  A more sensible 
strategy would be to develop the country specific framework for the 
implementation of the full range of necessary policy instruments focussing on 
collecting useful and reliable waste data and minimising any residual wastes 
for treatment.   
 
An ideal policy foundation for the development of these tools arose in 2001.   
The South African, Polokwane Declaration on Waste Management of 
September 2001 set a goal, to ‘‘Reduce waste generation and disposal by 50 
and 25%, respectively by 2012 and develop a plan for ZERO WASTE by 
2022’’. (Department of Environmental Affairs and Tourism (DEAT) 2001) This 
provides a great opportunity to divert the Policy thrust away from this 
history of failure of ‘command and control’ regulatory and legislative 
developments. 
 
The Polokwane Declaration also reaffirmed a commitment to the Integrated 
Pollution and Waste Management Policy, the National Waste Management 
Strategy and the principles of waste minimization, reuse and recycling for 
sustainable development. 
 
The essential difference in this approach to that promulgated previously is 
that it is intrinsically sustainable, safe and precautionary.  Instead of 
promoting an ultimately futile programme of risk management with 
inadequate resources the vision encapsulated in the Polokwane Declaration is 
to eliminate ‘hazard’ and thus reduce residual risks to near zero.  This is an 
ambitious goal but, given the failures to implement an effective regulatory 
policy to date, it is probably the only option which can be truly protective and 
consistent with the requirements of the Constitution.  Furthermore it 
promises to allow South Africa to avoid the expensive and damaging 
mistakes of Europe and the USA. 
 
The development of any strategy for Hazardous Wastes treatment and 
disposal should, in any case, be in accordance with the provisions of the 
National Implementation Plan (‘NIP’) for the Stockholm Convention1.  
Unfortunately South Africa has not yet submitted such a plan even though 
the deadline was 17th May 20062.  This is another powerful reason to delay the 
development of this incineration-oriented strategy. 
 
The 2000 White Paper on Integrated Pollution and Waste Management for 
South Africa (Republic of South Africa Department of Environmental Affairs 
and Tourism (DEAT) 2000) recognised: 
 
“the fragmented and uncoordinated way pollution and waste is currently 
being dealt with, as well as the insufficient resources to implement and 
monitor existing legislation, contributes largely to the unacceptably high 
levels of pollution and waste in South Africa”.  
 

                                                
1 In spite of receipt of a GEF grant of $499,000 for this work 
http://www.gefonline.org/projectDetails.cfm?projID=1785 
2 http://www.pops.int/documents/implementation/nips/submissions/default.htm 
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It went on to promise: 
 
“This White Paper will implement co-operative governance as envisaged by 
the Constitution. The current fragmentation, duplication and lack of co-
ordination will be eliminated.” 
 
The current consultation, which is set largely in a data and policy vacuum, 
can only hinder the implementation of that promise 
 

Current Policy Towards Open Burning of Waste: 
 
Open burning of wastes remains a problem in South Africa and whilst the 
Department technically prohibits the burning of waste at landfill sites they 
still permit it in certain circumstances and, indeed, give guidance about how 
it should be done (Republic of South Africa Department of Water Affairs and 
Forestry  (DWAF) 1998). 
 
There is no doubt that open burning of this type is the cause of serious 
environmental pollution (Lemieux 2002; Lemieux, Lutes et al. 2004; UNEP 
2005) and should be prohibited without exceptions.  
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Annex 1 – Waste Arisings 
 
Summary: The formulation of appropriate policy for the reduction, 
treatment or disposal of wastes absolutely requires that good information is 
collected on waste arisings, distribution and composition.  The consultation 
documents and literature reviews fail to do this. 
 
The dictum “If you can’t measure it then you can’t manage it” is particularly true 
in relation to waste management.  This is true both for waste minimisation 
and for planning and regulating disposal capacity.  The Holcim GTZ 
guidelines (Holcim and GTZ 2006), for example, say: 
 
“Cement plant operators must know the quantity and characteristics of the available 
wastes before applying for a permit for co-processing.” 
 
Furthermore UNEP (United Nations Environment Programme and 
Calrecovery Inc 2005) emphasises that “Waste characterisation surveys … should 
be carried out to collect information on generation rates, physical composition, bulk 
density, and storage indicators. Physical and chemical characteristics of the wastes, 
such as calorific value and chemical composition, are determined through laboratory 
analyses. If these types of data are required, it is important to determine the 
capabilities and experience of the laboratories such that reliable data are obtained.” 
Clearly this cannot be done in detail for the whole of South Africa but it is 
disappointing to see that the consultation documentation includes none of 
this information. 
 
Without such data it is not possible to have any confidence whatsoever about 
the proportion of the waste stream which may be suitable for incineration.  
The World Bank (Rand, Haukohl et al. 1999) says, for example, that “the 
average lower calorific value of the waste must be at least 6 MJ/kg throughout all 
seasons. The annual average lower calorific value must not be less than 7 MJ/kg.” 
 
UNEP confirms (United Nations Environment Programme and Calrecovery 
Inc 2005) that even urban wastes generated in developing nations can be 
approximately 50% to 70% putrescible on a wet weight basis and that the 
quantities of discarded paper and plastics are relatively small.  Therefore, the 
overall percentage of dry, combustible (volatile) matter is small. Additionally, 
the ash content of urban wastes in some locations in developing countries can 
be substantial (e.g., up to 60% where wood ash, coal ash, or both are major 
waste by-products of domestic activities). The combination of these attributes 
of the wastes, UNEP says, “can render the waste conversion system as a net user of 
energy, as opposed to a net supplier…The upshot of this situation is that incineration 
and thermal processing in general for energy production may not be applicable to a 
developing nation, or may be feasible only in certain locations or under special 
conditions”.  This is demonstrated graphically on the Tanner diagram below.  
Much of the current waste stream in South Africa is likely to be found in the 
shaded area and thus outside the parameters of self-sustaining combustion – 
or at best where self-sustaining combustion is only marginal (and possibly 
seasonal): 
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Comparison of the thermal characteristics of MSW and those required for self-sustained combustion 
(United Nations Environment Programme and Calrecovery Inc 2005) 
 
We have therefore reviewed the available literature on waste arisings and 
composition in an effort to establish if there is sufficient information available 
upon which to base the proposed policy developments. 
 
The 1999 Action plan for Integrated Waste Management Planning says that 
annual reporting of waste generation in South Africa is a legal requirement – 
but that it was not then undertaken.  There is little evidence that this has 
changed though several isolated attempts to quantify waste generation in 
South Africa have been carried out by DEAT and DWAF. 
 
Karani (Karani and Jewasikiewitz 2007) recently published total South 
African waste arisings for 1992 and 1997: 
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Theron (Theron 2005) appears to have used the 1992 breakdown of waste 
arisings to allocate the hazardous proportions: 

 
 
There may be some difficulty in assessing hazardous waste arisings because 
of historic difficulties in defining hazardous waste. This is a common problem 
in countries with relatively recent legislative programmes and makes inter-
country comparison of arisings particularly difficult.  In the current Waste 
Management Bill (Republic of South Africa Minister of Environmental Affairs 
and Tourism 2007) the definition is still rather loose: 
 
 “Hazardous waste” means any waste that contains organic or inorganic elements 
of compounds that may, owing to the inherent physical, chemical or toxicological 
characteristics of that waste, have a detrimental impact on health and the 
environment; 
 
There is, however, a useful set of guidance (Republic of South Africa 
Department of Water Affairs and Forestry 1998) – although this was 
apparently to be updated by 2006 and yet no revision seems to have been 
published yet.  The Water Research Council publication (Brice, Sevitz et al. 
2006) on hazardous waste categories is helpful and should assist with 
improved hazardous waste assessment in future.  
 
A follow up study commissioned by DWAF as part of the baseline study for 
the National Waste Management Strategy estimated the total production of 
waste in 1996 to be 566 million tonnes per year, with the majority of waste, 
464 million tons (82%), being generated by the mining sector.  It is notable 
that industrial, domestic and sewage sludge wastes are very much lower in 
this later survey.  It is suspected that this is due to the errors and uncertainties 
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associated with the surveys rather than being due to the success of waste 
minimisation initiatives. 
 
The total waste generation in South Africa appears to be approximately 14.5 
tonnes per capita per year.  However the 1999 Action plan for Integrated 
Waste Management Planning warned that estimates of per capita generation 
rates vary considerably between the local authorities, depending on the 
composition of the waste and the socio-economic status of the community.  
 
Karani et al (Karani and Jewasikiewitz 2007) estimated that the national 
average waste generation rate at 0.8 kg/capita/day for more developed areas 
and 0.3 kg/capita/day for less developed areas of South Africa. Service 
coverage estimates are around 80% for urban kerbside coverage (100% in 
more formally developed areas and 65% in less formally developed areas). 
Coverage in rural areas is sometimes very low and Karani quoted one 
estimate putting it at just 35%.  
 
Collection and transfer efficiency is also low compared to developed 
countries’ standards. Waste disposal in South Africa is mostly in landfills, but 
it is estimated that only 10% of landfills are managed in accordance with the 
Minimum Requirements (Department of Water Affairs, 1998).   
 
The above studies show that industrial waste may amount to between 16 and 
23 million tonnes per year. General waste arising from domestic activities, 
commerce and trade, secondary industrial operations and littering amounts to 
12 million tonnes per year. 
 
Waste generated by domestic households and trade is estimated to be 
between 8 and 15 million tonnes per year, with hazardous waste generation 
being very uncertain but possibly of the order of up to 2 million tonnes per 
year of which more than half arises from mining.  The great majority of this 
hazardous waste is therefore unlikely to be suitable for thermal treatment.   
 
A potentially useful breakdown of hazardous waste by general class and 
region of production was provided by Gibb in work for DEAT (Arcus Gibb 
for Department of Environmental Affairs & Tourism (DEAT) 2003).  The 
results are presented at the end of this section though should be noted that 
they are reported in volumetric form.  It appears from this data that about 
half the hazardous waste in South Africa arises in Guateng and that about 
150,000 to 200,000 tonnes may currently be disposed of to landfill.  COWI 
(Lauridsen 2007) say “it is estimated that Republic of South Africa has at least 
80,000 tonnes of organic hazardous waste” and go on to suggest that this would 
justify the construction of an hazardous waste incineration plant “should 
technology be found to be acceptable in the country”.  Yet this claim is not 
referenced and no indication of the distribution of the wastes, the type of 
waste or possible alternative treatments is given. 
 
Karani et al (Karani and Jewasikiewitz 2007) estimated arisings for 2010 as: 
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It is notable that this waste, assumed to be domestic and trade waste is still 
significantly lower than predicted by CSIR for 1992.  The data does not appear 
to take into account the targets set following the Polokwane declaration 
(Mvuma 2005), as described in the summary and below. COWI (Lauridsen 
2007), however,  estimate that current municipal waste arisings are “about 15 
to 18 million tons”.  The reference for this seems to be the Gauteng State of the 
Environment Report 2004 (Gauteng Department of Agriculture Conservation 
Environment and Land Affairs 2004) which says: 
 
“The Gauteng preliminary SoER indicates waste generated from households and 
requiring collection and disposal in Gauteng as roughly 146 kg/capita/annum 
(ranging from half that for the poorest and twice that for the most affluent). 
Extrapolating to a projected population for Gauteng for 2003 of 9 013 900, 
(population growth of 2 % since 2001 census and a 10 % increase in waste 
generation per capita, as identified by the Johannesburg Status Quo Report in 2003), 
waste generation of approximately 480 kg/capita/annum is estimated”. 
 
It appears that there has been either a typo or a mistake in these calculations, 
as even with such high growth rates 146 kg/capita/annum does not result in 
annual arisings of 480 kg/capita/annum.  It seems more likely that the result 
should have been 180 kg/capita/annum.   480 kg/capita/annum would put 
the waste arisings higher than New Zealand, Korea, Portugal etc as shown in 
a table from the report: 
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According to the mid-2007 estimates from Statistics South Africa3, the 
country's population stands at some 47.9-million, up from the census 2001 
count of 44.8-million.  Therefore even assuming that the whole country 
generated waste at 180 kg/capita/annum this would result in a total arisings 
of 8.6 million tonnes which is very close to the 1998 estimates above.    
 
The data urgently needs validation because the Guateng report shows the 
1998 distribution of arisings and shows an implausible factor of eight 
variations across the country which indicates that the assessment has not been 
carried out consistently: 

                                                
3 http://www.southafrica.info/ess_info/sa_glance/demographics/population.htm 
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It is very likely therefore that the COWI estimates of MSW arisings are not 
reliable. 
 
It must be noted that estimates of waste arisings alone, even if accurate – and 
that seems unlikely in this context, not least for the reasons discussed above 
and because in spite of the large discrepancies between the 1992 and 1997 
surveys they have not been updated with more recent results  – are a poor 
indication of the wastes requiring treatment.  
 
As an example an inventory assessments prepared to support the 
development of a Hazardous Waste Incinerator in Alberta, Canada, showed 
hazardous waste generation to range between 100,000 and 200,000 tonnes per 
annum (McQuaid-Cook and Simons 1989).  Subsequent studies, however, 
revealed that up to 80% of this amount was recycled, treated on the site of 
generation, or sent out-of province for treatment and disposal.  A more 
detailed analysis, such as in the Canadian case, can make a dramatic 
difference to the need for, and apparent economics of, a new incineration or 
treatment facility.  
 
Only very crude data on levels of treatment seem to be available for South 
Africa (and none is provided in the consultation documents) but it is clear 
that much of the waste is recovered rather than disposed of. Theron (Theron 
2005), for example, suggested that the levels of recovery were up to 38.7% for 
paper and board: 
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Temporal data for recycling are provided by Matete (Matete and Trois 2007) 
which appear to show that recovery rates rose to a very high 89% for paper 
and board by 2000: 
 

 
 
A possibly more realistic assessment of 40% by 2000 and 51.9% by 2002 is 
included in a recent paper by Karani et al (Karani and Jewasikiewitz 2007) : 
 

 
 
Karani comments that the private sector is “doing a lot more in the waste 
management sector especially in recycling. This is done because of the incentives and 
existing demand from the packaging industry that to some extent has to comply to 
international standards that require the industry to meet certain environmental 
criteria”. 
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Further “At grassroots level there are ad hoc initiatives through NGOs and CBOs 
that encourage waste separation and recycling to generate income and employment 
for poor communities and contribute to cleaning up of the environment”. 
 
Issues of concern and lessons that were identified and “require significant 
attention in development of Integrated Waste Management Planning” include: 
 

• Recognition and support of community waste management and 
servicing  

• The need to enhance private and public sector partnerships in waste 
management initiatives.  

• Support to capacity building (which “is critical to strengthening 
institutions and legislative framework that would encourage effective waste 
management systems”) 

These issues should be considered as priorities for DEAT. 
 
It is noted, by way of comparison, that in Europe hazardous waste generation 
increased by 13% between 1998 and 2002 to 58.4 million tonnes, i.e. 129 kg per 
capita, whilst gross value added grew by 10% (Commission of the European 
Communities 2005).  This is particularly worrying because it demonstrates 
that the increase in hazardous waste is growing faster than the value added.  
It also shows that in most countries the link between economic activity and 
hazardous waste generation has not been broken – though there are 
exceptions.  
 
The management of this waste costs €10 billion to €25 billion per year (CEC 
2005 Op Cit) – at that price the cost of hazardous waste management in South 
Africa would be €342 to 856 clearly demonstrating the financial advantages 
of pursuing the waste minimization and elimination route described below. 
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Summary of Hazardous Waste by Region (m3/annum) (Arcus Gibb for Department of Environmental Affairs & Tourism 

(DEAT) 2003): 
Note:   Classification is in accordance with the Minimum Requirements for the Handling, Classification and Disposal of Hazardous Waste, 
Department of Water Affairs and Forestry, Second Edition 1998 

E Cape Free State Gauteng KZN Mpuma N Cape N Prov N West W Cape TOTAL

Class 3:  Flammable liquids         16 413  5 532  37 427  18 024  7 989   859  1 303  1 622  36 002  125 171

Onsite/other disposal   82   55  1 307   467  6 297   10   20   27   276  8 541

To Hazwaste site  16 331  5 477  36 120  17 557  1 692   849  1 283  1 595  35 726  116 630

Class 4:  Flammable Solids   505  2 075  15 665  1 164  19 409

Onsite/other disposal  1 175  1 175

To Hazwaste site   505   900  15 665  1 164   0   0   0   0   0  18 234

Class 5:  Oxidising Substances  3 632   186  3 818

Onsite/other disposal   40   40

To Hazwaste site   0   0  3 592   186   0   0   0   0   0  3 778

Class 6:  Poisonous and infectious  16 395  2 913  28 216  159 751  1 203   217  4 326  1 485  24 754  239 260

Onsite/other disposal  15 672  1 210  14 926  140 240  1 159   202  4 303  1 468  7 435  186 615

To Hazwaste site   723  1 703  13 290  19 511   44   15   23   17  17 319  52 645

Class 8:  Corrosives  2 676  3 582  29 576  6 254  4 020  46 108

Onsite/other disposal  1 338  11 391  3 190  2 007  17 926

To Hazwaste site  1 338  3 582  18 185  3 064   0   0   0   0  2 013  28 182

Class 9:  Misc Dangerous  1 599  16 428 1 674 127 1 495 555 3 407 681   73   185   277  215 111 6 811 036

Onsite/other disposal   777  13 383 1 592 221 1 493 141 3 406 494  193 383 6 699 399

To Hazwaste site   822  3 045  81 906  2 414  1 187   73   185   277  21 728  111 637

ALL CLASSES  37 588  30 530 1 788 643 1 680 934 3 416 873  1 149  5 814  3 384  279 887 7 244 802

Onsite/other disposal  17 869  15 823 1 619 885 1 637 038 3 413 950   212  4 323  1 495  203 101 6 913 696

To Hazwaste site  19 719  14 707  168 758  43 896  2 923   937  1 491  1 889  76 786  331 106

Medical Waste (Part of Class 6)

No of Hospital Beds  20 880  9 467  34 864  30 922  5 332  3 102  13 139  9 405  17 893  145 004

% Occupancy   80   70   80   80   80   70   80   70   80

Waste Generated  11 853  4 702  19 790  17 553  3 026  1 547  7 458  4 671  10 167  80 767
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these signs are given clearly and consistently by DEAT.  The current mixed 
message which arises from the current consultants ignoring the Polokwane 
Declaration on Waste Management is particularly damaging as it leads to 
uncertainty amongst stakeholders of the policy direction. Such uncertainty 
reduces the effectiveness of policy initiatives as stakeholders are not confident 
what measures they need to take to ensure compliance with future policies.  
DEAT should carefully consider the benefits of economic instruments, such as 
disposal taxes on landfill and incineration, as discussed briefly below, in 
order to provide the appropriate incentives to meet the waste minimisation 
targets. 
 

The Right to Know and Access to Information 
Foulon (Foulon, Lanoie et al. 2002) has outlined the evidence that the public 
disclosure of environmental performance does create additional and strong 
incentives for pollution control.  One excellent example is the United States 
Toxic Release Inventory which has been reviewed by Jobe (Jobe 1999).  Strong 
community and market response to the Toxics Release Inventory prompted 
the EPA to initiate its first voluntary pollution reduction program in 1991. The 
33/50 Program had as its goal a 33 percent reduction in releases and transfers 
of 17 targeted chemicals by 1992 and a 50 percent reduction in release and 
transfers of the targeted chemicals by 1995 using 1988 as the baseline year. 
Data from the EPA indicates that these targets were exceeded with an overall 
reduction of 55.6 percent for the targeted chemicals by 1995. By EPA 
estimates, toxic releases of all listed chemicals have declined 46 percent 
between 1988 and 1995.  This initiative was so successful that President Bill 
Clinton (Clinton 1995) proudly announced " ...since the Community Right to 
Know Act has been on the books, reported reductions in toxic emissions are about 43 
per cent for the whole country. Now that's a law worth passing. No new bureaucracy; 
just power to the people through basic knowledge." 
 
Public access to information is a constitutional right of all South Africans (Act 
108 of 1996) (Republic of South Africa, 1996) enabled through the Promotion 
of Access to Information Act (Act 2 of 2000) (Republic of South Africa, 2000b). 
By increasing community awareness and understanding, it provides a 
mechanism for communities to participate in environmental planning, 
decision-making and policy development (Nauman, 2004; Kolominskas and 
Sullivan, 2004), in assessing the potential risks associated with local pollutant 
releases (Howes, 2001), and in placing pressure on industry and government 
to reduce emissions and discharges (Antweiler and Harrison, 2003; 
Kolominskas and Sullivan, 2004). The dissemination of information by 
government therefore provides a mechanism for supporting informed 
community participation in the management of waste.  
 
Godfrey (Godfrey 2007) cites Kirby saying ‘‘Freedom of information is important 
to justice . . . In a world of secrecy and opaque government, serious wrongs can occur 
which may never come to light. Freedom of information legislation is at once a means 
of casting the light of scrutiny into the dark corners of government and a contribution 
to a new culture of openness in public administration’’.  
 
Despite the evidence of effectiveness and the legislative framework public 
access to waste information has, in practice, been slow to materialise. Godfrey 
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These costs confirm the UNEP estimates but shows that for smaller capacity 
units the operating costs can rise significantly higher – to as much as € 
140/tonne.  It should also be considered that these data are inevitably historic 
and that current costs are likely to be higher in any case.   
 
The European Commission Best Practice Reference Note (‘BREF’) (European 
Commission 2005) for incineration also includes some cost data: 
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These data also shows that costs may be expected to be higher than UNEP 
estimated with at total costs for a 250,000 tpa incinerator being estimated to be 
60 % higher than the maximum cost for incineration given by UNEP 
($162/tonne vs. $ 100 tonne).  Whilst the costs of hazardous waste 
incineration will vary significantly depending upon the wastes to be 
incinerated a working estimate of three times greater than for municipal 
waste is provided in the BREF. 
 
Autret et al. (Autret, Berthier et al. 2007) provide a recent example of the costs 
of upgrading plant to the more recent European standards in France.  They 
showed that capital investment requirements rose from  € 2.6m per t/h 
capacity in 1993 to approximately € 4.0m per t/h capacity in 2003. Global 
incineration cost, which takes into account the amount of the investments and 
the global operating cost, was estimated to be between €70 and € 90 per 
tonne of waste treated. 
 
Even the peripheral expenses not reflected in these reviews can be enormous.  
A current controversy in Dublin, Ireland, has arisen over the money spent by 
the local authority to promote an incineration-based solution in an effort to 
convince the public of the acceptability of the proposals.  The authorities have 
spent € 19 million to date just on promotion of incineration (Dublin People 
Group of Newspapers 2007). 
 
The very high capital costs necessarily require the security associated with 
long-term waste contracts in order to protect the banks or financier’s 
investments.   Such contracts effectively monopolise waste management for 
quarter of a century or more and require that guaranteed minimum tonnages 
of waste are supplied to the incinerators with tight specifications on the 
suitability of the waste for combustion (such as calorific value, water content, 
contamination levels etc).  Penalty payments are often required if such 
conditions are not met.  This security makes waste incinerators particularly 
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attractive to vendors, not least because the contracts are normally with 
governments or local administrations and are thus considered relatively 
secure.  The World Bank (op cit) warned “project developers armed with rosy 
financial forecasts can be found in all corners of the globe encouraging municipal 
officials to consider incineration”. It is therefore vital that the overall economics 
and the total costs over the operating life of a proposed project are scrutinised 
carefully.  The literature reviews provided to DEAT have, unfortunately, 
completely failed to do this – but the limited information financial 
information which is provided strongly supports the case against thermal 
treatment as a viable option for South Africa. 
 
COWI appear to propose, for example, at s8.2 p34 that 10 million tonnes of 
MSW could be incinerated in South Africa saying "If only half of the SA 
municipal waste was incinerated (e.g. [sic] 10 million tonnes)".  The basis for the 
claim that there are 20 million tonnes of MSW produced in South Africa is 
challenged above - but for the moment let us assume that the estimate is 
reasonable.  
 
The capital costs of implementing this proposal are, oddly, not explicitly 
presented by COWI.  If they had been it would have been obvious that what 
is proposed would be enormously expensive. COWI says: 
 
" One kiln (sic) like the biggest in Europe (sic) has been build near Copenhagen and 
costs about 100 mill Euros, incinerate 35 tons per hour, 8000 hours/year, and 
produces 179,000 MWh/year electricity and 670,000 MWh/year heat /39/." 
 
This would mean that 280,000 tpa capacity costs €100 million on their own 
figures.  It should be noted that these costs are rather low compared with 
those presented from the independent sources above, but for the purposes of 
this exercise they will be used here.    
 
The COWI prices mean that their proposal to incinerate 10,000,000 tonnes of 
waste would require a capital investment of € 3.5 Billion ($ 4.9 Billion or R 35 
Billion). This equates, for example, to the entire health service budget for 
South Africa for about three years but in fact the real cost would be likely to 
be even higher.   
 
In addition to these enormous costs the external costs need to be considered.  
 
 
External Costs and Benefits: 
 
“External costs” or “externalities” are essentially economic side effects that 
represent market failures.  They are costs or benefits arising from an economic 
activity that affect somebody other than the people engaged in the economic 
activity and are not reflected fully in prices.  Environmental impacts are a 
common example of externalities and occur when an activity has an impact 
on the environment, whether positive or negative, and the monetary cost or 
value of that impact is not included in the transactional cost of that activity. 
Those who suffer from external costs do so involuntarily, while those who 
enjoy external benefits do so freely. 
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Because external costs and benefits are often not included in the calculations 
of the people making decisions concerning some economic activity, they are a 
form of market failure that will lead to an inefficient use of resources. If the 
externality is beneficial, the market will provide too little; if it is a cost, the 
market will supply too much. 
 
Externality theory (Pigou 1932) can therefore make an important contribution 
to the design of public policies to protect the environment. In essence it says 
that price is not an optimal policy unless it reflects the full social marginal 
costs and benefits. 
 
COWI (COWI s 10.4 page 47) show that the externalities of MSW incineration 
are approximately €40/tonne. About half of this (€21) comes from emissions 
of hazardous chemicals.   
 
This would means that the annual externality for their proposals, as above, of 
incinerating 10,000,000 tonnes of MSW would total €400,000,000 (c R 4 
billion) for South Africa.  Over a 25 year operating life this would total €10 
billion (c R 100 billion). Operating costs are about 20% of the capital costs 
which are estimated above at € 3.5 billion, total ‘private’ costs would 
therefore be c € 4.2 billion.   
 
The total private and environmental costs of following the COWI 
recommendations would therefore be more than €14 billion (c R 140 
billion) over 25 years.  This equate to the entire budget for the South 
African health service for more than 12 years. 
 
The Norwegian study cited by COWI is not unusual in reaching the 
conclusions that incineration has high external costs.  Several studies have 
calculated the total social cost of incineration and landfill, and their findings 
show that most of the time incineration costs are much higher than landfill.  
 
Indeed COWI prepared an economic assessment of benefits/ disbenefits for 
the EC (COWI 2000) about which the current review is silent.  
 
In that report COWI had calculated that the incineration of waste to the 
earlier European incineration Directive standards had an overall net 
environmental cost of between 16 and 84 Euros/tonne with a most likely 
value of 34 Euros/tonne.   
 
They also calculated that, due to the displaced electricity and heat production, 
that an incinerator operating to the current Waste Incineration Directive 
standards AND generating electricity and heat with an efficiency of 83% 
(which is very rate in practice – and would certainly not apply in South Africa 
or even for the vast majority of Europe) would have a net environmental cost 
of between -72 and -9 Euros/tonne (i.e. an environmental benefit) with a most 
likely figure of -43 Euros/tonne. 
 
Since that review the environmental cost attributed to emissions have 
increased as it has been recognised that harm from air pollution is far more 
extensive and serious than was thought even until very recently. 
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Other studies finding similar results include, but are certainly not limited to: 
 

1. Eunomia, A Changing Climate for Energy from Waste?, Final report 
for Friends of the Earth, 03/05/2006. (Hogg and Eunomia Research & 
Consulting Ltd 2006). 

 
2. Rabl, A., J. V. Spadaro, et al. (2007). "Environmental Impacts and Costs 

of Solid Waste: A Comparison of Landfill and Incineration." Waste 
Management & Research in press. (Rabl, Spadaro et al. 2007).  

 
3. Holmgren, K. and S. Amiri (2007). "Internalising external costs of 

electricity and heat production in a municipal energy system." Energy 
Policy 35(10): 5242-5253. (Holmgren and Amiri 2007) 

 
4. Eshet, T., O. Ayalon, et al. (2006). "Valuation of externalities of selected 

waste management alternatives: A comparative review and analysis." 
Resources, Conservation and Recycling 46(4): 335-364. (Eshet, Ayalon 
et al. 2006) 

 
5. HM Customs & Excise (2004). "Combining the Government’s Two 

Health and Environment Studies to Calculate Estimates for the 
External Costs of Landfill and Incineration, December 2004." (HM 
Customs & Excise 2004) 

 
6. Turner, G., (Enviros Consulting), D. Handley, (Enviros Consulting), et 

al. (2004). Valuation of the external costs and benefits to health and 
environment of waste management options Final report for DEFRA by 
Enviros Consulting Limited in association with EFTEC, DEFRA. 
(Turner, Handley et al. 2004) 

 
An independent study by Dijkgraaf (Dijkgraaf and Vollebergh 2004) 
concluded:   
  
“The net private cost of WTE (waste-to-energy) plants is so much higher than for 
landfilling that it is hard to understand the rational behind the current hierarchical 
approach towards final waste disposal methods in the EU (European Union). 
Landfilling with energy recovery is much cheaper, even though its energy efficiency is 
considerable lower than that of a WTE plant.”  
 
This conclusion is similar to that reached by the OECD (Organisation for 
Economic Co-operation and Development (OECD) 2007) this year following 
their review of waste Management in the UK and the Netherlands: 
 
“In both countries, there is currently a strong preference given to incineration 
compared to landfilling of waste – as reflected e.g. in the landfill taxes they apply. A 
similar preference underlies the Landfill Directive of the European Union, which fixes 
upper limits for the amounts of biodegradable waste member states are allowed to 
landfill. 
 
However, estimates in both countries indicate that the environmental harm caused by 
a modern landfill and a modern incineration plant are of a similar magnitude, while 
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the costs of building and operating an incinerator are much higher than the similar 
costs for a landfill. Hence, the total costs to society as a whole of a modern incinerator 
seem significantly higher than for landfilling - which indicates that some 
reconsideration of the current preference being given to incineration could be useful.” 
 
And:  
 
“Analyses of the negative environmental impacts of landfilling and incineration in 
both countries suggest, however, that the foundation for the present preference for 
incineration is questionable from the point of view of total social costs”.  
 
It should be noted that the “social costs” of waste management include the 
respective private costs i.e. the costs to society of building and operating the 
various management options together with the external environmental costs. 
 

Disamenity Impacts from incinerators  
 
Incinerators are extremely unpopular in most countries and they generally 
have to be forced upon an unwilling population.  Whilst the main concerns 
probably relate to health risk there are also important concerns about the 
disamenity of incinerators.  Kiel and McClain assessed these impacts of 
incinerators with an hedonic pricing study in Massachusetts, USA (Kiel and 
McClain 1995; Kiel and McClain 1995). The study examines the progression of 
house prices over the life of an incinerator, from rumour and construction and 
through to operation.  
 
Consultants acting for DEFRA in the UK (Turner, Handley et al. 2004) 
converted their result to £/tonne of waste based on information on the case 
study site by that could be gleaned from publicly.  The study had found that 
after four years of operation the effect on house prices within 3.5 miles of the 
site has stabilised at  £10,055 per mile (£,2003), which is essentially a distance 
decay function, i.e. starting from 3.5 miles from the site, at every mile 
approaching the site house prices drop by an average of £10,055. The outcome 
of the analysis is that £10,055 (R 143,000) per mile is equivalent or  £21 or c R 
300/tonne of waste for the disamenity effect on local communities.  
 
The fact that the study is from the US is likely to affect the accuracy of this 
figure in the South African context but in the absence of better data or local 
studies it is a useful starting point of the measure of local disamenity of 
incinerators on a “willingness to pay” basis. 
 

Incineration Taxes 
 
Although the COWI review promotes the Scandinavian use of incineration 
enthusiastically the report comments only briefly on incineration taxes in 
Norway – and not at all on the taxation regime it the other countries. 
 
Eriksson (Ericsson and Nilsson 2004) reported in 2004 that in Denmark, 
Norway and the Netherlands there is a tax on burning waste.  (In the 
Netherlands the tax has been introduced administratively but the tax rate is 
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still zero).  An incineration tax has since been introduced in Sweden. This tax 
consists of two parts (Sahlin, Ekvall et al. 2007): the energy tax of 150 
SEK/tonne ( € 16.5 /tonne) fossil coal and the CO2 tax of 3374 SEK/tonne (€ 
371/tonne) fossil coal. Heat-only boilers are levied full tax while combined 
heat-and-power (CHP) production plants pay tax only on the proportion of 
energy which is for heating purposes.  
 
Furthermore Erikson et al. (Ericsson and Nilsson 2004) added that in 
Germany and the Netherlands biofuels and waste have difficulty in 
competing with fossil fuels partly because environmental taxes on carbon 
based fossil fuels are much lower than in Sweden and Denmark.  The market 
for incineration is thus distorted in Denmark and Sweden by the taxation 
system.  Clearly this needs to be corrected in the light of the more recent 
research (also not reported by COWI) on the climate impacts of incineration 
above. 
 

 
In a report for the Swedish Defence Agency Björklund et al. (Björklund, 
Johansson et al. 2003) confirmed that the introduction of a waste incineration 
tax was likely to result in environmental improvements. They suggested that 
a waste incineration tax should be accompanied by an increased landfilling 
tax, in order to ensure that landfilling is avoided. The environmental 
improvements are partly accomplished by diverting materials from landfills 
to recycling as a result of the increased landfill tax, and partly by diverting 
materials from incineration to recycling. 
 
They concluded that although the studied alternative of a waste incineration 
tax of 400 SEK/ton ( € 44 /tonne) is likely to lead to environmental 
improvements, the improvements are small compared to the potential 
improvements available through the more visionary scenarios developed to 
make recycling more attractive. 
 
This is clearly important because the evidence available shows that large 
quantities of recyclable materials are currently incinerated in Scandinavian 
countries. A recent analysis of waste delivered to a Swedish incinerator by 
Petersen (Petersen, Berg et al. 2005) showed, for example that of the waste 
evaluated, 40.3% was recyclables, of which 4.6% was non-combustible 
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recyclables. An additional 33.0% was biowaste, that is, material that can be 
composted or anaerobically digested. Thus based on its characteristics, 73.3% 
of the household waste incinerated was suitable for material recycling 
(including 4.6% non-combustibles) or biological treatment. 
 
The European Incineration BREF (European Commission 2005) confirms that 
in Denmark, the tax on incineration is especially high. Hence, although 
underlying costs tend to be low (owing primarily to scale, and the prices 
received for energy), the costs net of tax are of the same order as that of 
several other countries where no tax is in place. This tax along with a landfill 
tax were adopted in Denmark to promote waste treatment in compliance with 
the waste hierarchy. This has resulted in a large shift from landfill to 
recycling, but with the percentage of waste being incinerated remaining 
constant.   This demonstrates, inter alia, how difficult it is to divert waste 
from incineration once investments have been made – no matter how 
important it may be for environmental reasons.   
 
The Danes, like the other Scandinavian countries do not represent a good 
advert for incineration instead they clearly demonstrate how countries can 
become trapped in a cycle of incineration undermining recycling – even when 
the evidence shows that recycling is better and even incineration taxes are 
relatively powerless to change the situation once it has arisen. 
 

Climate Change and Incineration: 
 
Climate change is a major threat and it is important to consider the role of 
incineration in relation to the challenge we face.  There are conflicting claims 
made about the total emissions of greenhouse gases from incinerators and the 
literature reviews do not consider this important issue in very much detail.  
Certainly no resolution is reached. 
 
The graph below, from research by Eunomia (Hogg and Eunomia Research & 
Consulting Ltd 2006) for Friends of the Earth shows how electricity only 
incinerators produce about twice as much carbon dioxide per kWh as coal 
fired power stations.  
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Combined Heat and Power CHP schemes have significant benefits over those 
that only generate electricity.  The UK Environment Agency IPPC Guidance 
(Environment Agency 2004), for example,  shows that waste heat for CHP or 
district heating has the potential to increase overall thermal efficiencies from 
approx. 20% to 75%.   This, in turn has a very great impact on total carbon 
dioxide emissions.   However incinerators still do rather badly even as CHP 
or heat producers - producing more than 2.5 times as much carbon dioxide as 
gas fired CCGT stations - but much better than when the extra heat is just 
dumped into the atmosphere. 
 
For completeness it should be this graph includes biogenic carbon.  This is the 
appropriate approach to adopt when accounting for incinerator emissions.  
The incineration industry, and some consultants, ignore this element of the 
emissions claiming that it is ‘climate neutral’ but that would only be valid in 
an incineration life cycle assessment if the climate change impacts of a 
biogenic carbon dioxide molecule was different from any other carbon 
dioxide molecule.  Furthermore a recent editorial in the International Journal 
of Life Cycle Assessment by Rabl and other leading LCA experts (Rabl, 
Benoist et al. 2007) confirms the appropriate approach is to include this 
component.   
 
Even if biogenic carbon is excluded most incinerators still produce more 
carbon dioxide per unit of electricity than gas fired power stations: 
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Incinerators that utilise the heat effectively for district heating or CHP can be 
marginally more efficient in carbon dioxide terms than combined cycle gas 
turbines power generation. This is consistent with the COWI review which 
shows that the use of heat that would otherwise be wasted in district heating 
or combined heat and power schemes is essential to the economics and 
efficiency of incineration schemes. 
 
There are several reasons to question the appropriateness of heat recovery 
systems similar to those cited in the review in the particular context of South 
Africa.   
 
Firstly, Karlsson et al.  (Karlsson and Gustavsson 2003) raised significant 
doubts about whether district heating/ CHP schemes are the most efficient 
way to deliver space heating in any case, even in Europe.  
 
Karlsson used a systems approach to compare different heating systems from 
a consumer perspective. The whole energy system was considered from 
natural resources to the required energy services. District heating, electric 
heat pumps, electric boilers, natural gas, oil or pellet-fired local boilers were 
considered when supplying heat to a detached house. The district heat 
production included wood-chip-fired and natural-gas-fired cogeneration 
plants. Electricity other than co-generated electricity was produced in wood-
chip and natural-gas-fired stand-alone power plants. The analysis included 
four tax scenarios, as well as the external cost of environmental and health 
damage arising from energy conversion emission based on the ExternE study 
of the European Commission. The most cost-efficient systems when the 
external cost and taxes were excluded were the natural gas and oil boiler 
systems, followed by the heat pump and finally the district heating systems.  
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It is also shown by Ertesvag (Ertesvag 2007) that some, but not all, CHP cases 
are exergetically9 beneficial to separate generation. 
 
Specifically their results indicate that CHP systems with low temperature heat 
delivery (as many waste incinerators) have marginal or no benefits compared 
to separate generation of heat and electricity. 
 
One of the reasons that CHP/ DH schemes are not always environmentally 
advantageous is the relatively high transmission losses. Comakli et al. 
(Comakli, Yuksel et al. 2004) found that even in a relatively advanced and 
modern district heating system on a university campus the exergy losses 
forming during heat distribution were about 16% of total exergy in the 
system. 
 
A final consideration is that the heat from incineration could, in principle, be 
used by absorbtion chillers for air conditioning applications in South Africa.  
The COWI review accepts that these options are “in general poorly exploited”.  
It does not, however, explain the reasons for this which include the very low 
efficiencies of these chillers. Also  important is the fact that absorbtion chillers 
alone cannot return water at a low enough temperature and so must be used 
with an air or water-cooling system which dumps the heat to atmosphere. 
 
In conclusion it is considered that CHP/ District heating is unlikely to be a 
viable option for most of South Africa and thus any incinerators would be 
fare worse than conventional electricity generation for climate change 
impacts.  Recycling is a far more effective way of addressing the challenges of 
climate change,  A recent report by the UK Government sponsored Waste 
Resources Action Programme ‘WRAP’ (Wenzel 2006) concluded: 
 
“Further analysis by WRAP of the research findings has provided an assessment of 
the relative greenhouse gas savings associated with current UK levels of recycling for 
paper/cardboard, glass, plastics, aluminium and steel. 
 
Again, the results are clear and positive. The UK’s current recycling of those 
materials saves between 10-15 million tonnes of CO2 equivalents per year 
compared to applying the current mix of landfill and incineration with energy 
recovery to the same materials. This is equivalent to about 10% of the annual 
CO2 emissions from the transport sector, and equates to taking 3.5 million 
cars off UK roads.” 
 
 

                                                
9 the exergy of a system is the maximum work possible during a process that brings the 
system into equilibrium with a heat reservoir 
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Economic Instruments and Alternative Policy Measures for 
South Africa: 
 
A draft policy paper on the possible use of economic instruments, ‘EIs’, for 
fiscal reform (National Treasury 2006), and two documents on the possible 
use of EIs in waste recycling and health care waste management (Department 
of Environmental Affairs and Tourism 2006; Department of Environmental 
Affairs and Tourism 2006), seem to suggest that the use of such instruments is 
being considered by government for solid waste management (Godfrey and 
Nahman 2007). 
 
EIs should rather be seen as policy instruments driving behaviour, and any 
revenues generated should be subjected to the normal fiscal process (National 
Treasury, 2006). 
 
It is true that some authors (Bell and Russell (2002), Russell and Vaughan 
(2003)) argue that the required level of institutional capacity is currently 
lacking in most developing countries. For example, in South Africa, as in 
other developing countries, they say that there is insufficient capacity for the 
monitoring and billing of waste services.  Many municipalities, for example, 
don't bill for the disposal of waste to landfill, due to a lack of resources, or 
fear of an increase in illegal dumping due to a lack of the necessary 
monitoring and enforcement capacity. It is argued that EIs are unlikely to be 
effective in these circumstances.   
 
It is, however, vital for South Africa to develop an effective regulatory and 
reporting regime and the establishment of this regime, incorporating 
appropriate EIs as discussed above is likely to be significantly more 
straightforward, and quicker, than developing the complete  “command and 
control” regime, together with associated technical and scientific support.   It 
has been necessary to use taxation regimes to restrict the growth of 
incineration and landfill in Europe and it is unlikely that South Africa will 
manage without some fiscal control mechanisms in the regulatory basket also.   
Taxes raised it his manner could usefully be hypothecated to environmental 
regulation and control. 
 

Cost sensitivity of disposal  
 
When considering the cost of off-site hazardous waste disposal generators 
clearly have to consider disposal fees and shipments costs.  However with an 
appropriate regulatory structure based upon the “polluter pays” principle 
generators of hazardous waste can also be held liable for the cost of cleanup if 
the waste disposal site contaminates the environment after closure or 
abandonment of a production or disposal site. Alberini et al. (Alberini and 
Frost 2007) empirically examined the sensitivity of individual hazardous 
waste generators to these categories of costs, exploiting the variation across 
states in factors influencing disposal costs, and in the structure of the liability 
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imposed on waste generators by state laws. They modelled the scenarios to 
predict the waste management method (incineration or landfill disposal) and 
the state of destination for shipments of halogenated solvent waste used for 
metal cleaning in manufacturing and reported in the Toxic Release Inventory 
in 1988-1990.   Their conclusions were that waste generators respond to 
transportation costs and to proxies for current disposal costs. They also 
reported that generators find the concurrent presence of strict and joint-and-
several liability a deterrent – and said that this deterrent effect does not vary 
with the wealth of the firm or the volume of the waste shipped. 
 
Similarly the econometric analysis presented by Sigman (Sigman 1996) 
suggests that firms’ generation of chlorinated solvent waste is very sensitive 
to waste management costs.  Despite large elasticity estimates, however, the 
analysis predicts only a small effect of state taxes on waste generation because 
the taxes are low relative to total waste management costs. The econometric 
analysis also suggests that state taxes alter facilities’ waste management 
choices. In particular, high taxes on disposal reduce reliance on disposal 
relative to treatment of wastes. 
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Emissions from Incineration and Potential Health Impacts 
 
Section 24 of the Constitution of the Republic of South Africa (Act 108 of 1996) 
states that the people of South Africa have a right to an environment that is 
not detrimental to human health, and imposes a duty on the state to 
promulgate legislation and to implement policies to ensure that this right is 
upheld (South African Department of Environmental Affairs and Tourism 
(DEAT) 1999) 
 
COWI, citing the National Research Council (National Research Council 2000) 
say: 
“Although emissions from newer, well-run facilities are expected to contribute little 
to environmental concentrations and to health risks, the same might not be true for 
some older or poorly run facilities.” 
 
This is hardly reassuring given the low level of certainty expressed 
considered together with the experience of how badly incineration facilities in 
South Africa have been run in the recent past. 
 

Emissions from Municipal Waste Incineration  
 
In fact there are a huge range of emissions from even municipal incineration 
systems  - and the possible impacts of most of these are poorly, if at all, 
understood.  Jay (Jay and Stieglitz 1995) found, for example, concentrations of 
about 250 compounds10 in the order of 50 ng/Nm3 in the emissions of a 
municipal waste incinerator.  

                                                
10 K. Jay and L. Steiglitz, "Identification and Quantification of Volatile Organic Components in 
Emissions of  Waste Incineration Plants," CHEMOSPHERE Vol. 30, No. 7 (1995), pgs. 1249-
1260 identified the following  volatile organic chemicals emitted from a municipal  waste 
incinerator: pentane; trichlorofluoromethane;  acetonitrile; acetone; iodomethane; 
dichloromethane; 2-methyl-2-propanol; 2-methylpentane; chloroform; ethyl  acetate; 2,2-
dimethyl-3-pentanol; cyclohexane; benzene; 2-methylhexane; 3-methylhexane; 1,3-  
dimethylcyclopentane; 1,2-dimethylcyclopentane; trichloroethene; heptane; 
methylcyclohexane;  ethylcyclopentane; 2-hexanone; toluene; 1,2-dimethylcyclohexane; 2-
methylpropyl acetate; 3-methyleneheptane;  paraldehyde; octane; tetrachloroethylene; 
butanoic acid ethyl ester; butyl acetate; ethylcyclohexane; 2-  methyloctane; dimethyldioxane; 
2-furanecarboxaldehyde; chlorobenzene; methyl hexanol;  trimethylcyclohexane; ethyl 
benzene; formic acid; xylene; acetic acid; aliphatic carbonyl;  ethylmethylcyclohexane; 2-
heptanone; 2-butoxyethanol; nonane; isopropyl benzene; propylcyclohexane;  
dimethyloctane; pentanecarboxylic acid; propyl benzene; benzaldehyde; 5-methyl-2-furane 
carboxaldehyde; 1-  ethyl-2-methylbenzene; 1,3,5-trimethylbenzene; trimethylbenzene; 
benzonitrile; methylpropylcyclohexane; 2-  chlorophenol; 1,2,4-trimethylbenzene; phenol; 1,3-
dichlorobenzene; 1,4-dichlorobenzene; decane;  hexanecarboxylic acid; 1-ethyl-4-
methylbenzene; 2-methylisopropylbenzene; benzyl alcohol; trimethylbenzene;  1-methyl-3-
propylbenzene; 2-ethyl-1,4-dimethylbenzene; 2-methylbenzaldehyde; 1-methyl-2-
propylbenzene;  methyl decane; 4-methylbenzaldehyde; 1-ethyl-3,5-dimethylbenzene; 1-
methyl-(1-pro-penyl)benzene;  bromochlorobenzene; 4-methylphenol; benzoic acid methyl 
ester; 2-chloro-6-methylphenol;  ethyldimethylbenzene; undecane; heptanecarboxylic acid; 1-
(chloromethyl)-4-methylbenzene; 1,3-  diethylbenzene; 1,2,3-trichlorobenzene; 4-
methylbenzyl alcohol; ethylhex anoic acid; ethyl benzaldehyde; 2,4-  dichlorophenol; 1,2,4-
trichlorobenzene; naphthalene; cyclopentasiloxanedecamethyl; methyl acetophenone;  
ethanol-1-(2-butoxyethoxy); 4-chlorophenol; benzothiazole; benzoic acid; octanoic acid; 2-
bromo-4-  chlorophenol; 1,2,5-trichlorobenzene; dodecane; bromochlorophenol; 2,4-dichloro-
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The most intense peaks on the chromatograph are: (1) benzene, (2) 
chloroiodomethane, (3) toluene, (4) elemental iodine, (5) chiorobenzene, (6) 
ethyl benzene, (7) xylene, (8)  diiodomethane, (9) diiodoethene, (10) 
chloroiodopentane, (11) diiodochloromethene, (12) hydroxybenzaldehyde, 
(13) undecane, (14) diiodobromomethane, (14) napththalene, (16) benzoic 
acid, (17)trichlorobenzene, (18) triiodomethane, (19) methyl naphthalene, (20) 
biphenyl, (21) chloroiodoethylbenzene (-xylene), (22) dibenzofurane+ 
pentachlorophenol, (23) diiodostyrene, (24) phenanthrene, (25) hexadecanoic 
acid, (27) octadacanoic acid, (27) tetracosane (4.46 pg), (28) bis-(2-ethylhexyl) 
phtlalate.  
 
Worryingly 58% of the compounds could in the flue gas could not even be 
identified. 
 

                                                                                                                                      
6-methylphenol;  dichloromethylphenol; hydroxybenzonitrile; tetrachlorobenzene; 
methylbenzoic acid; trichlorophenol; 2-  (hydroxymethyl) benzoic acid; 2-ethylnaphthalene-
1,2,3,4-tetrahydro; 2,4,6-trichlorophenol; 4-  ethylacetophenone; 2,3,5-trichlorophenol; 4-
chlorobenzoic acid; 2,3,4-trichlorophenol; 1,2,3,5-  tetrachlorobenzene; 1,1'biphenyl (2-
ethenyl-naphthalene); 3,4,5-trichlorophenol; chlorobenzoic acid; 2-hydroxy-  3,5-
dichlorobenzaldehyde; 2-methylbiphenyl; 2-nitrostyrene(2-nitroethenylbenzene); 
decanecarboxylic acid;  hydroxymethoxybenzaldehyde; hydroxychloroacetophenone; 
ethylbenzoic acid; 2,6-dichloro-4-nitrophenol;  sulphonic acid m.w. 192; 4-bromo-2,5-
dichlorophenol; 2-ethylbiphenyl; bromodichlorophenol; 1(3H)-  isobenzofuranone-5-methyl; 
dimethylphthalate; 2,6-di-tertiary-butyl-p-benzoquinone; 3,4,6-trichloro-1-methyl-  phenol; 2-
tertiary-butyl-4-methoxyphenol; 2,2'-dimethylbiphenyl; 2,3'-dimethylbiphenyl; 
pentachlorobenzene;  bibenzyl; 2,4'-dimethylbiphenyl; 1-methyl-2-phenylmethylbenzene; 
benzoic acid phenyl ester; 2,3,4,6-  tetrachlorophenol; tetrachlorobenzofurane; fluorene; 
phthalic ester; dodecanecarboxylic acid; 3,3'-  dimethylbiphenyl; 3,4'-dimethylbiphenyl; 
hexadecane; benzophenone; tridecanoic acid; hexachlorobenzene;  heptadecane; fluorenone; 
dibenzothiophene; pentachlorophenol; sulphonic acid m.w. 224; phenanthrene;  
tetradecanecarboxylic acid; octadecane; phthelic ester; tetradecanoic acid isopropyl ester; 
caffeine; 12-  methyltetradecacarboxylic acid; pentadecacarboxylic acid; methylphenanthrene; 
nonedecane; 9-hexadecene  carboxylic acid; anthraquinone; dibutylphthalate; hexadecanoic 
acid; eicosane; methylhexadecanoic acid;  fluoroanthene; pentachlorobiphenyl; 
heptadecanecarboxylic acid; octadecadienal; pentachlorobiphenyl;  aliphatic amide; 
octadecanecarboxylic acid; hexadecane amide; docosane; hexachlorobiphenyl;  
benzylbutylphthalate; aliphatic amide; diisooctylphthalate; hexadecanoic acid hexadecyl 
ester; cholesterol.  
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Emissions from Hazardous Waste Incineration 
 
EPA reports (United States Environmental Protection Agency 2001) research 
to identify the types and quantities of organics emitted from hazardous waste 
combustion facilities (EPA 1998e; Ryan and others, 1996 and 1997; Midwest 
Research Institute and A.T. Kearney 1997; Lemieux and others 1999). These 
research efforts indicate frequent detection of volatile and semi volatile 
organics including chloro-, bromo-, and mixed bromochloro-alkanes, alkenes, 
alkynes, aromatics, and polyaromatics, D/Fs, PAHs, PCBs, phthalates, 
nitrogenated and sulphonated organics, and short-chain alkanes (such as 
methane and propane). EPA reports frequent detection of chlorinated and 
brominated alkanes and alkenes (such as chlorinated ethenes), and suggests 
that chlorinated ethenes can serve as potential indicators of D/F formation 
(EPA 1998e). EPA supports ongoing research to improve the identification 
and quantification of organic emissions.  
 
EPA concludes (United States Environmental Protection Agency 2001) with 
the rather worrying comment: 
 
“However, uncertainty remains regarding the full suite of organic emissions from 
hazardous waste combustion facilities and the potential risks associated 
with those emissions.” 
 
The importance of the Total Organic Emissions determination for site-specific 
risk assessments cannot be over-emphasized. Studies (EPA 1976; Pellizzari 
and others 1980) have shown that analyses based strictly on target analyte 
lists may account for less than 20% of the total organic material in an emission 
sample.  
 
Without a Total Organic Emissions determination, a final risk assessment 
report cannot explain how much of the total stack emissions have been 
evaluated for risk, significantly complicating the risk management decision. 
 
EPA reported in 2001 (United States Environmental Protection Agency 2001) 
that Linak has documented PCC exit total hydrocarbon levels in excess of 
10,000 ppm during very intense transient puffs arising from batch feed 
operations at a pilot-scale unit, and has performed chemical analysis to show 
that the puffs can contain numerous hazardous compounds, even though 
adequate DREs (>99.99%) may be achieved (Linak and others 1987). 
 
The concern with these compounds is that they are likely to be emitted as, or 
transported by, ultra-fine particles and inhaled.  The respirable fraction, (PM2.5 
and ultrafine PM1.0, PM0.1) can then enter the non-ciliated alveolar regions and 
deposit deep within the lungs (Cormier, Lomnicki et al. 2006) where the 
hazardous chemicals can be passed directly to the blood stream thus exerting 
effects are very low concentrations – particularly, for example, if the receptor 
is pregnant or ill. 
 

Relative Health Impacts of Waste Management Options: 
A review undertaken for DEFRA of the health effects of waste management 
by consultants Enviros (and others historically sympathetic to incineration) 
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(Enviros Consulting Ltd., University of Birmingham et al. 2004) concluded, so 
far as it is possible to do so given the uncertainty of the data, that incineration 
had the highest impact in terms of deaths brought forward compared with 
other waste management options: 
 

 
 
There is good reason to believe that this report seriously understates the 
damage associated with incineration as it has assumed compliance with 
permit conditions, has not taken into account upset conditions or start-up 
emissions; does not include the latest health based data on particulate impacts  
and has considered only limited emissions. 
 
Fine particulate matter (PM) and ultrafine PM, which have been documented 
to be related to cardiovascular disease, pulmonary disease, and cancer, have 
more recently become the focus of research.  Cormier et al. (Cormier, 
Lomnicki et al. 2006) wrote:  
 
Fine PM and ultrafine PM are effective delivery agents for PAHs, CHCs, and toxic 
metals. In addition, it has recently been realized that brominated hydrocarbons 
(including brominated/chlorinated dioxins) , redox-active metals, and redox-active 
persistent free radicals are also associated with PM emissions from combustion and 
thermal processes. 
 
Clearly there are a vast number of contaminants in the emissions of 
incinerators (and cement kilns) as described above.  All of these can be carried 
into the body by particulates as described by Cormier. 
 
Another concern about most existing health studies is that they have looked 
at more serious endpoints such as cancer etc.  There are many other effects of 
concern which maybe caused by exposure to emissions from thermal 
treatment which have been less carefully reviewed.  Recent work by Miyake 
(Miyake, Yura et al. 2005)in Japan, for example, concluded: 
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The findings suggest that proximity of schools to municipal waste incineration plants 
may be associated with an increased prevalence of wheeze, headache, stomach ache, 
and fatigue in Japanese children 
 

The National Research Council on Health: 
 
The National Research Council report cited by COWI above is an important 
review by an arm of the National Academy of Sciences which was established 
to advise the U.S. government.  It concluded that it was not only the health of 
workers and local populations that could be affected by incinerators.  The 
NRC reported that populations living more distantly from incinerators are 
also likely to be exposed to some incinerator pollutants. For example,  
 
"Persistent air pollutants, such as dioxins, furans and mercury, can be dispersed over 
large regions – well beyond the local areas and even the countries from which the 
sources first emanate.... Food contaminated near an incineration facility might be 
consumed by people close to the facility or far away from it. Thus, local deposition on 
food might result in some exposure of populations at great distances, due to transport 
of food to markers. However, distant populations are likely to be more exposed 
through long-range transport of pollutants and low-level, widespread deposition on 
food crops at locations remote from a source incineration facility."  
 
and,  
 
"The potential effects of metals and other pollutants that are very persistent in the 
environment may extend well beyond the area close to the incinerator. Persistent 
pollutants can be carried long distances from their emission sources, go through 
various chemical and physical transformations, and pass numerous times through 
soil, water, or food. Dioxins, furans, and mercury are examples of persistent 
pollutants for which incinerators have contributed a substantial portion of the total 
national emissions. Whereas one incinerator might contribute only a small fraction of 
the total environmental concentrations of these chemicals, the sum of the emissions of 
all the incineration facilities in a region can be considerable The primary pathway of 
exposure to dioxins is consumption of contaminated food, which can expose a very 
broad population. In such a case, the incremental burden from all incinerators 
deserves serious consideration beyond a local level."  
 

Compliance: 
 
The NRC emphasises the importance of facilities being well run if there is to 
be any reassurance about possible health impacts and the COWI review gives 
the impression that incinerators in Europe always operate to the standards in 
the Waste Incineration Directive.  The reality is that this is often not the case.  
In the UK, for example, no incinerators have operated in complete compliance 
with their operating permits. When Greenpeace (Greenpeace 2001) reviewed 
the performance of these incinerators for 1999/2000 it was found that there 
were a total of 546 self-reported breaches of permit conditions: 
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In France a large proportion of incinerators do not comply with NOx , dioxin 
and acid gas emission standards as illustrated below (Autret, Berthier et al. 
2007). Emission limit values (ELV) of acid gas are not achieved by 39% of 
French incinerators, dioxin ELV by 42% and NOx ELV by nearly 80%.  The 
authors conclude that these figures “strongly suggest that comprehensive flue gas 
treatment works need to be done” (!). 
 
 

 
 
The following list ranks additional the individual legal requirements that are 
not achieved by French incinerators as of June 2003 (Autret, Berthier et al. 
2007): 
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• 95% incineration plants are concerned by Article 6.3: plants shall have and 
operate an automatic system to prevent waste feed; 
• 70% incineration plants are concerned by Article 10: controls and 
monitoring of NOx, conditions and mass concentrations of emissions of NOx 
into air; 
• 70% incineration plants are concerned by Article 8.7: storage capacity shall 
be provided for contaminated water arising from spillage or fire-fighting 
operations; 
• 50–60% incineration plants are concerned by Article 6: each line of the 
incineration plan shall be equipped with at least one auxiliary burner; 
• 42% incineration plants are concerned by Article 7: incineration plants shall 
be designed, equipped, built and operated in such a way that the emission 
limit value of dioxins is not  exceeded in the exhaust gas. 
 
When incinerators in Europe, with long established regulatory regimes are so 
badly and regularly out of compliance there can be no reassurance that plants 
in South Africa can operate safely. 
 

Health Reviews: 
 
This section of the response has touched upon some of the issues associated 
with emissions and health it is not, however, the place for a detailed analysis 
of the potential health impacts which may arise from exposure to emissions 
from incineration.  There are, in any case, two good reviews which are 
strongly recommended for consideration as part of the consultation process: 
 
1) Allsopp, M., P. Costner, et al. (2001). Incineration and Human Health -  
State of Knowledge of the Impacts of Waste Incinerators on Human Health, 
Greenpeace Research Laboratories, University of Exeter, UK. (Allsopp, 
Costner et al. 2001; Allsopp, Costner et al. 2001) 
 
2) Thompson, J. and H. Anthony (2006). The Health Effects of Waste 
Incinerators Moderators: Dr Jeremy Thompson and Dr Honor Anthony. 4th 
Report, British Society for Ecological Medicine. (Thompson and Anthony 
2006) (and currently being updated). 
 



 48 

Dioxins and PCB Emissions 
 
Until very recently municipal solid waste incinerators were the largest source 
of dioxin emissions to air in Europe, the US and Japan (Kulkarni, Crespo et al. 
2007). A 1995 emission inventory for the UK, for example, estimated annual 
releases between 560 and 1100 g I-TEQ.  The review confirmed that municipal 
solid waste (MSW) incinerators were responsible for up to 80% of these 
emissions (Douben 1997).   
 
These high emission levels have resulted in a large proportion of the 
population exceeding acceptable daily intakes for dioxin like compounds.  
 
The WHO defined in 1998 a tolerable daily intake of 1 - 4 pg TEQ/kg body 
weight (including dioxin-like PCBs), meaning that a large part of European 
citizens is currently exceeding the tolerable daily intake value. [LfU 2002] 
(Sander, Tebert et al. 2007). 
 
 A very recent study by Bilau et al of dietary intakes in Flanders (Belgium) for 
example, (Bilau, Matthys et al. 2008) reports the median (95th percentile) 
estimated intakes of dioxin-like contaminants were 2.24 (4.61), 2.09 (4.26), and 
1.74 (3.53) pg CALUX TEQ/kgbw/d  for, respectively adolescents, mothers 
and adults. They comment that these data are in the same range as those 
found in other European studies. The CALUX-TEQ results of respectively 
59.8%, 53.7% and 36.2% of the adolescent, mother and adult population 
exceed the tolerable weekly intake (TWI) of 14 pg WHO-TEQ /kgbw/w, as 
derived by the Scientific Committee on Food.  The exposure of breast fed 
babies is very much higher still – Hsu (Hsu, Guo et al. 2007), for example, 
showed that exposure to new-born babies for the first month of breast feeding 
can be more than 17 times the TDI: 
 

 
Bouwman (Bouwman 2003) quoting work by Schecter in 1990 (Schecter, 
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Startin et al. 1990) reports that the only published environmental data on 
chlorinated dioxins and dibenzofurans were an analysis done on breast milk. 
This showed for black rural South Africans  (n=6) and white urban South 
Africans (n=18), that the mean dioxin levels were 279.8 and 355.6 ng/kg in 
milk fat, respectively. For the dibenzofurans the levels were 20.4 and 23.1 ng/ 
kg in milk fat, respectively.  As I-TEQs the results were 8.3 and 12.6 ng/kg 
which encouragingly were the lowest results reported. Schecter said that 
these were not necessarily representative samples of the populations and that 
caution should be exercised in light of the small number of women sampled 
and the small number of specimens analysed.  
 
It is, however, notable by contrast that in Japan, where reliance on 
incineration has been particularly heavy has some of the highest breast milk 
contamination levels in the world (Tanabe and Kunisue 2007).  Furthermore 
Kunisue reported last year (Kunisue, Muraoka et al. 2006) that the 
concentrations of organochlorines such as dioxins and related compounds in 
human breast milk were comparable to or slightly higher than the data 
obtained during 1998, indicating that the levels of these contaminants in 
Japanese human breast milk have not decreased since 1998 
 
The fact that existing levels of human exposure to dioxin are already too high 
is not included in the COWI (or SINTEF) reviews.  The basic thrust of the 
COWI paper is rather that the incineration industry has now "solved" the 
dioxin problem.  This claim merits careful consideration and a short historical 
review may be helpful. 
 
Whilst dioxins were first found in incinerator emissions by Olie in 1977 (Olie, 
Vermeulen et al. 1977) it was originally it had been asserted that anything so 
small as a few nanograms of dioxins couldn't possibly be a problem.  That 
was proved to be badly wrong because dioxins bio-accumulate – particularly 
in cattle and milk, see, for example (Webster and Connett 1989).  
 
It was then argued that since dioxins break down at temperatures above 
800oC or 1000oC that as long as the combustion temperatures were kept high 
the problem would be solved.  
 
That approach failed because the majority of dioxins are created by a process 
of de novo synthesis when the exhaust gases cool down – particularly over the 
200oC-400oC range (Altwicker and Milligan 1993; Stanmore 2004).  
 
Next, it was said that "modern air pollution control equipment" - rapid quenches 
and carbon injection - had solved the problem.  But that is not correct either.  
It has now been established that the injection of activated carbon increase the 
availability of carbon and catalysts (i.e. CuCl2,  FeCl2, etc.) in the cake on 
fabric filters and is at a  temperature that allows de novo synthesis.  Thus 
activated carbon injection significantly increases the total dioxin formation 
(Chang and Lin 2001).   
 
Unfortunately the need to recover heat from incinerators to improve the 
economics and to balance the environmental and economic impacts of their 
emissions tends to increase dioxin generation. In a typical waste heat boiler 
the PCDD/F concentration at boiler inlet is 1 ng-TEQ/Nm3 and at boiler 
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outlet is 5 ng-TEQNm3 due to the de novo synthesis of PCDD/Fs in the boiler 
section (Buekens and Huang 1998). 
 
So while dioxin emissions to air can be reduced this is often at the expense of 
increasing the total releases of dioxins produced by an incinerator.  This data 
is also based on the assumption that the incinerators operate under steady 
state conditions continuously.  That is not a reasonable assumption, as is 
shown below.  Firstly though it is important to consider what happens to the 
dioxin in the residues. 
 
The landfill disposal of the highly dioxin contaminated residues, particularly 
the fly ash,  can result in exposures at some distance from the incinerator.  
Recent research has shown, for example, that dioxin contaminated ash blown 
from landfill sites can presents a dioxin risk to local children (Macleod, 
Duarte-Davidson et al. 2006).  The authors wrote “Preliminary modeling  
suggested that indirect exposures from PCDDs/PCDFs at the 95th percentile level for 
the site where APC deposition rates were highest could potentially exceed the tolerable 
daily soil intake (TDSI) but this warrants further study given the model limitations.“ 
No further study has yet been undertaken. 
 
An integrated approach to sustainable waste management should take the 
occurrence of PCDD/F in all emissions into account. A comprehensive recent 
review by Vehlow (Vehlow, Bergfeldt et al. 2006) compiles published data on 
concentration ranges of PCDD/F and the related compounds polychlorinated 
biphenyls (PCB), chlorinated benzenes and phenols, as well as polyaromatic 
hydrocarbons (PAH) in solid residues from waste incineration in grate 
furnaces and their development since 1985.  COWI make no reference to this 
review in their literature search. 
 
The inventory data are based on steady state operations but this does not 
reflect the real emissions because the majority of dioxins are emitted during: 

• start-up and shut-down when filters are often bypassed in any 
case)(Tejima, Karatsu et al. 1993; Gass, Wilken et al. 2003; 
Hunsinger, Seifert et al. 2003; Nordsieck, Neuer-Etscheidt et al. 2003; 
Wilken, Marsch et al. 2003; Neuer-Etscheidt, Nordsieck et al. 2006; 
Tejima, Nishigaki et al. 2007; Wang, Hsi et al. 2007); and  

• "upset" or, more euphemistically, “transient” conditions i.e. when the 
steady-state combustion is perturbed.  

 
The COWI report included the comment:  
 
“In future regulatory decision-making, greater consideration should be given to 
emission levels achieved in actual performance of incinerators, including process 
upset conditions (described earlier). In monitoring for compliance or other purposes, 
data generated during the intervals in which a facility is in start-up, shutdown, and 
upset conditions should be included in the hourly emission data recorded and 
published. It is during those times that the highest emissions may occur, and omitting 
them systematically from monitoring data records does not allow for a full 
characterization of the actual emissions from an incineration facility.”  
 
This is sound advice and was copied verbatim from the National Research 
Council (National Research Council 2000) review on Waste Incineration  
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(even including the ‘described earlier’ – NSC had done so COWI hadn’t).  
Unfortunately neither did COWI explore the implications of the NRC 
warning for dioxin emissions from modern incinerators. 
 
It is now well established that transient, non-steady-state conditions in the 
incinerator systems can induce dramatic concentration increases of products 
of incomplete combustion (PIC’s) such as dioxins (De Fre and Rymen 1989; 
Halonen, Tuppurainen et al. 1997; Hart 2001; Zimmermann, Blumenstock et 
al. 2001; Gullett, Touati et al. 2006; Neuer-Etscheidt, Orasche et al. 2007)  
Elevated PCDD/PCDF formation levels in the raw gas have been observed 
during and after transiently disturbed operation conditions at municipal 
waste incineration plants (Tejima, Karatsu et al. 1993; Zimmermann, 
Blumenstock et al. 2001; Hunsinger, Jay et al. 2002; Weber, Sakurai et al. 2002). 
In many of these cases so called memory effects could be observed.  
 
Because incinerator operators and regulators avoid measuring emissions 
during those problem stages (sampling normally takes place only during 
stable operating conditions. (Lothgren and van Bavel 2005)); and they are 
exempt from compliance with emission standards under many regulatory 
regimes, including that in Europe; it is not possible to be confident how much 
dioxin would be emitted from any plant in practice.   
 
Two very recent papers (Tejima, Nishigaki et al. 2007)  and (Wang, Hsi et al. 
2007) published in Chemosphere give some indication of the likely emissions 
that can be released during start-up periods.  
 
Tejima tested a modern Japanese incinerator equipped sophisticated dioxin 
abatement equipment. It was found that just a single incinerator start-up 
released more dioxins to air than operating the incinerator in steady state 
conditions non-stop for over 2 months. Contamination levels of ash were also 
increased.  If an incinerator was started more than four times a year the 
majority of the dioxin emissions are likely to come from the unregulated start-
up emissions. 
 
Wang (Wang, Hsi et al. 2007) investigated the PCDD/F characteristics of 
incinerators during start-up of a continuous MSW incinerator for two years.  
The elevated PCDD/F emissions of the MSWI during start-up could reach 
96.9 ng I-TEQ N m3 (nearly 1,000 times the EU limit of 0.1 ng/m3) and still 
maintained a high PCDD/F emission (40 times higher than the Taiwan 
emission limit) even 18 h after the injection of activated carbon, indicating the 
memory effect.  
 
From the four MSW incinerators they studied the estimated annual PCDD/F 
emission from normal operational conditions was 0.112 g I-TEQ. However 
they calculated that one start-up procedure can generate  60% of the PCDD/F 
emissions for one whole year of normal operations. Furthermore the PCDD/F 
emission from the start-ups of some incinerators was at least two times larger 
than that of a whole year’s normal operations.  This was even without 
consideration for the PCDD/F emission contributed by the long lasting 
memory effect. 
 
There are still few good data showing the levels and frequency of releases 
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during combustion upsets but the emissions are likely to be significant and 
potentially very high.  As an example - some testing of the 1983 Columbus 
Ohio incinerator in the early 1990s (Lorber, Pinsky et al. 1998) showed that 
absolutely enormous quantities of dioxins can be released when operations 
went wrong.  This single incinerator released more dioxins to air (c 1,000 g) 
that the entire emissions of the UK or West Germany according to the dioxin 
inventories at that time. 
 
It is not only start ups which can cause problems in modern incinerators (or 
cement kilns).  In order to reach the desired high levels of incineration 
efficiency as well as plant reliability, optimized operation of an MSW 
incinerator through a sophisticated and intelligent process control is required. 
The optimization of such a process is a complicated task due to the inherent 
instability of the MSW incineration. Indeed, the fluctuation of waste 
composition leads to large and frequent disturbances with the associated 
negative impact on the incineration process, mainly in terms of emissions and 
steam production. Avoidance of disturbances is the main goal of the control 
system of a MSW incinerator. (El Asri and Baxter 2004) 
 
Blumenstock et al. (2000) found an increase in PCDD/F levels after a period 
with bad operating conditions in a pilot scale incinerator. This was later 
confirmed by several other authors (Gullett et al., 2000; Zimmermann et al., 
2001; Gass et al., 2002). Gass et al. (2002) investigated the emissions from a full 
scale incinerator and obtained the same results as earlier were shown in pilot 
scale. They showed that during the oil burner operation concentrations in the 
raw gas up to 250 ng I-TEQ/Nm³ could be detected, leading to a long lasting 
memory effect in the wet scrubber downstream and consequently in the clean 
gas as well.  (Lothgren and van Bavel 2005)  
 
Hunsinger (Hunsinger, Jay et al. 2002) found that under disturbed 
combustion conditions characterized by high CO concentrations in the raw 
gas, high amounts of PCDD/F are able to pass the combustion chamber and 
lead to high concentrations in the raw gas (F=D > 1). 
• Incomplete flue gas burnout (especially during disturbed combustion 
conditions) will contaminate the boiler surface with soot particles. This will 
cause PCDD/F formation reactions by de-novo synthesis (F=D   1) even 
under efficient stationary combustion conditions. 
 • If the cleaning of the boiler is insufficient, the formation of PCDD/F from 
old fly ash deposits takes place over a very long period of time (>24 h). These 
memory effects must be recognized when interpreting PCDD/F raw gas data. 
(Hunsinger, Jay et al. 2002) 
 
In South Africa the emissions from stat-up and upset conditions are currently 
likely to be exempt from regulation.  The Chief Air Pollution Control Officer 
(CAPCO) issues registration certificates on the basis of information provided 
on a registration form  and individual discussion and reviews of the process. 
A criterion for issuing the registration certificate is that the operation must be 
capable of being operated continuously without emitting dark smoke. 
Allowances are made, however, for ‘unavoidable’ emissions  caused at start up, 
shut down or upset conditions (Fischer 2005). 
 
Whilst the COWI review is again silent on the matter the best way to establish 
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the total dioxin emissions from incinerators would be to continuously 
monitor the flue gases. Unfortunately the concentrations involved are so 
small that this is not yet possible. There are, however, now two commercially 
available systems of continuous sampling of dioxins which collect the 
emissions over an extended period, normally two weeks, for subsequent 
laboratory analysis. These are the AMESA system11 and Dioxin Monitoring 
Systems12 (‘DMS’).   
  
There are other systems which measure surrogates (such as chlorophenols) 
and which claim to be indicators of dioxin emissions.  The surrogate samplers 
are far less reliable and lack the experience and regulatory approvals of the 
continuous samplers. 
 
Work published by (De Fré and Wevers 1998) in Belgium clearly indicates 
that the consequence of the higher start up and upset emissions are that the 
standard dioxin monitoring as required in the UK to date is likely to 
significantly underestimate actual emission levels.  In their tests incinerator 
emissions were monitored using the AMESA system for continuous sampling 
over approximately two-week periods.  They showed that a standard 
emission measurement according to the European standard method EN 1948 
during a period of 6 hours resulted in an emission concentration of 0.25 ng 
TEQ/Nm3, while the average over 2 weeks in the same period was 8.2 to 12.9 
ng TEQ/Nm3.  This illustrated that the standard measurement could 
underestimate the average emission by a factor 30 to 5013.     
 
As a result of these findings doubts have risen over the actual emission of the 
incinerators, and the special commission on incineration asked all incinerators 
in the Flemish region to use the continuous sampling system in order to 
establish their compliance with the emission limits.  This has now been made 
a legal requirement. 
 
AMESA has now been installed in almost 100 applications. The majority are 
in Europe but four systems are installed in Japan and one system was 
installed in Taiwan for an EPA test.  The system is a mandatory requirement 
in Flanders and has been approved by the German EPA (Mayer, Linnemann 
et al. 2000).   
 
The  uncertainties associated with actual dioxin emissions, combined with the 
still urgent requirement to reduce the levels of dioxin in the environment 
presents a powerful argument for the use of the ‘AMESA’ (or similar) semi-
continuous dioxin measuring system.  
 
The Air Quality Guide for Europe of the World Health Organisation (WHO) 
underlines the importance of controlling known sources as well as to identify 
new sources due to the potential importance of the indirect contribution of 
PCBs in air to total human exposure. [WHO 2000a] (Sander, Tebert et al. 
                                                
11 http://www.becker-messtechnik.de/eng/index.htm 
12http://www.westechinstruments.com/appspage.asp?samplingApplication=Dioxin%20Mo
nitoring#Lit 
13 This plant had a wet scrubbing system which may have a particular ‘memory’ effect.  A 
similar effect could be generated from the carbon in the boiler of a plant with a semi-dry 
scrubber.  In any case a range of similar data has demonstrated that AMESA results are far 
more comprehensive than conventional sampling. 
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2007). 
 
In the event that the advice given in this submission is not acted upon and a 
policy of thermal treatment is developed for South Africa it is strongly 
recommended that a pre-requisite should be the requirement to continuously 
sample for dioxins using one of these systems.  This should apply both to 
purpose built incinerators and a to cement kilns. 
 
 

Brominated and other halogenated dioxins  
 
The literature reviews do not mention it but it is important to note that the 
current dioxin monitoring refers only to the chlorinated species.  There are  
over 5,000 mixed halogenated dioxins and furans any or all of which could be 
produced by incinerators or cement kilns.   
 
The European Committee on Toxicity, Ecotoxicity and the Environment 
(CSTEE), has considered, inter alia, the risks of exposure to brominated 
dioxins and furans from incinerators.  ENDs reported14: 
 
"The most incendiary part of the Cstee review is a warning about the risks of human 
and environmental exposure to brominated dioxins and furans created by 
incinerating deca-containing plastics in end-of-life appliances. 
 
 The Committee concluded15: 
 
 “The presence of bromine may even decrease the apparent level of chlorine-derived 
dioxins and furans... suggesting that emission limits are being met while the real level 
of harmful dioxins and furans is higher and unnoticed."  
 
Weber and Greim (Weber and Greim 1997) report that: 
 
Brominated dibenzo-p-dioxins and dibenzofurans can be formed under laboratory 
conditions by pyrolysis of flame-retardants based on polybrominated biphenyls and 
biphenyl ethers. Their occurrence in the environment, however, is due to combustion 
processes such as municipal waste incineration and internal combustion engines. As 
these processes generally take place in the presence of an excess of chlorine, 
predominantly mixed brominated and chlorinated compounds have been identified so 
far in environmental samples. 
 
The reference to internal combustion engines refers to the historic use of 
brominated fuel additives which has now been stopped. Heeb et al. (Heeb, 
Dolezal et al. 1995) found that: 
 
“Incineration of municipal waste yields a variety of halogenated phenols including 
chlorinated, brominated and mixed chlorinated phenols in raw and stack gas.  A total 
of 14 chlorinated, 3 brominated and 31 mixed brominated and chlorinated phenols 
could be characterised by high resolution gas chromatography high resolution mixed 

                                                
14  EU scientists question deca risk assessment ENDS Environment Daily 1331, 18/11/02 
15  EU scientists question deca risk assessment ENDS Environment Daily 1331, 18/11/02 
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spectrometry.” 
 
They continued: 
 
“The growing commercial production of brominated organics and their widespread 
application as flame retardants and fuel additives are suspected to contribute 
increasingly to environmental pollution. Incineration of bromine containing products 
will lead to substantial formation of mixed brominated and chlorinated aromatics. 
Upon thermal treatment of halogenated material bromine radicals do form 
preferentially compared to chlorine radicals. Already a moderate molar fraction of 
bromine in the halogen load of a flue gas has been found to reduce the amount of 
chlorinated aromatics significantly and to favor the formation of mixed brominated 
and chlorinated aromatics. Compared to the accumulated knowledge about 
polychlorinated aromatics only little is known about the fraction of mixed halogenated 
aromatics produced” 
 

Dioxin Mass Balance 
 
COWI claim that modern incinerators are net dioxin destroyers.  As in so 
many other cases no evidence is cited to support this claim, however.  When 
critically reviewed the evidence is, at best, equivocal. 
 
Abad (Abad, Adrados et al. 2002) found different results in two tests on the 
same plant, largely related to the difference in dioxin concentrations of the 
input which he reported were difficult to establish effectively: 
 

 
 
Burnley  (ENDS 1997) reported that according to his best estimate, a modern 
incinerator produces about 15 times as much dioxin as that in the incoming 
wastes (see table below ). Using pessimistic assumptions, the overall dioxin 
loading could be increased 170-fold. Even on optimistic assumptions, the 
incinerator remains a net dioxin source: 
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Main Risks of Incineration Plants 
 
The literature review is silent on the main risks associated with incineration 
plants even though COWI has previously produced (COWI 2000) a list of the 
most likely accidents and failure modes: 
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Annex 4 – Cement Kiln Specific Issues 

Proposed AFRs: 
 
The proposed wastes for cement kilns are  an “Exclusive rather than inclusive 
list of AFRs” (Crous 2007): 
 

• Scrap tyres & rubber waste 
• Hydrocarbon waste (e.g. used oil, oil-contaminated general waste & 

soil, coal fines) 
• Plastic waste 
• Biomass (e.g. paper waste, sawdust, wood chips) 
• De-water, treated sewage sludge pellets 
• Spent pot lining & boiler ash 
• Blended waste” 

 
Excluded Waste Streams 
 
The list of waste streams proposed to be excluded can be compared with the 
excluded waste streams in the BAT/BEP guidelines (Stockholm Convention 
2006) and the Holcim/GTZ guidelines (Holcim and GTZ 2006): 
 
South Africa (Crous 
2007) 

BAT-BEP Holcim 

Anatomical hospital 
waste 

Infectious medical waste Infectious and 
biologically active 
medical waste 

Asbestos containing 
waste 

Asbestos-containing 
waste 

Asbestos  

Unsorted electronic 
scrap 

Electronic waste Electronic waste 

Bio-hazardous waste   
Entire batteries Entire batteries Entire batteries 
Explosives Explosives Explosives 
Mineral acids Mineral acids Mineral acids and 

corrosives16 
Radioactive wastes Nuclear waste Radioactive wastes 
Unsorted municipal 
waste 

Unsorted municipal 
garbage 

Unsorted municipal 
waste 

 other waste of unknown 
composition. 

 

 High-concentration  

                                                
16 The guidance adds (A23) “Beside mineral acids, substances that can cause 
severe damage by chemical reaction to living tissue, or freight, or the means of transport are 
prohibited, as are all corrosive substances. Well known examples are aluminium chloride; 
caustic soda; corrosive cleaning fluid; corrosive rust remover/preventative; corrosive paint 
remover. These types of materials should be excluded from co-processing due to the 
upstream collection, 
transport risks and handling hazards.” 
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cyanide waste 
 Chemical or biological 

weapons destined for 
destruction 

 

 

 
 
It will be noted that the current SA list does not meet the standards expected 
by the BAT-BEP guidance nor even those established through the industry 
driven Holcim GTZ process which represent the minimum standard that 
should be expected. 
 
There are particular concerns about the rather loose term “unsorted electronic 
scrap”.  Both the BAT_ BEP and Holcim guidance are much more specific on 
this.  The BAT_BEP definition, for example, says: 
 
“Electronic waste is composed of computer and accessories, entertainment electronics, 
communication electronics, toys and also white goods such as kitchen devices or 
medical apparatus. The average composition shows that electronic waste contains, on 
the one hand, substances harmful to health and the environment such as Cl, Br, P, 
Cd, Ni, Hg, PCB and brominated flame retardants in high concentrations, often 
higher than threshold limit values. On the other hand, electronic waste contains such 
a high scarce precious metal content that all efforts have to be undertaken to recycle it. 
Coprocessing of the plastic parts of electronic waste would be an interesting option, 
but requires disassembling and segregation first (after Holcim, 2006).” 
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Performance Requirements of Cement Kilns: 
 
The cement industry and SINTEF, as one of their strongest claim that the 
conditions in cement kilns are well suited to the burning of hazardous wastes.  
It is interesting to consider the comparison provided in the consultation: 
  

 
From (Karstensen 2007) 
 
Firstly the temperature in cement kilns is claimed to be between 1450 and 
2000 oC with a residence time of 4-8 seconds 
 
The vital qualifier for this claim, often omitted, is that this requires the wastes 
to pass through the main body of the kiln.  In fact waste is often not added to 
the burner end of the kiln for a variety of operational, engineering and 
practical reasons but is added either at the pre-heater or pre-calciner stage – 
and sometimes even with the raw meal.  In these circumstances the 
temperatures claimed above are not achieved.  It is unlikely to achieve the 
minimum EU and US residence times of 2 seconds at 850oC in some of these 
circumstances.   
 
Secondly, oxygen availability is claimed at > 4% 
 
The usual levels of excess oxygen in a dedicated incinerator are much higher 
than in a cement kiln. Environment Canada (Environment Canada 2004) says 
that although a kiln could be operated with as little as 0.5% kiln exhaust 
oxygen level, typically the kiln operators strive for an oxygen level of 1 to 2% 
to ensure the desired oxidizing conditions in the kiln burning zone.  In an 
incinerator the oxygen concentration is normally kept in a determined range 
(usually between 8 and 12 vol %) which ensures stable and tolerated 
concentrations of the gaseous emissions. (El Asri and Baxter 2004) 
 
Thirdly the exit gas cleaning is very different 
 
It is reasonable to describe the exit gas cleaning in modern hazardous waste 
incinerators as advanced.  For cement kilns a more appropriate description is 
rudimentary.  Not only to most still rely on rather crude electrostatic 
precipitators but, as is shown below, these ESPs trip rather frequently and 
depend upon unreliable power supplies.  The bag filters used are little better. 
Instead of a quench to quickly reduce the temperature over which de novo 
synthesis of dioxin and other PICs is likely the kilns then have a significant 
period in the 450 to 200 oC range over which the flue gases cool in a high 
particulate environment. 
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From (Mokrzycki, Uliasz-Bochenczyk et al. 2003) 
 
 
Test Burns 
 
The test burn in Vietnam (Karstensen, Kinh et al. 2006) is cited as a successful 
example of how kilns can burn waste pesticides.  It is widely accepted that 
kilns proposing to burn hazardous wastes should already be compliant with 
domestic regulations before hazardous waste is burned yet the Vietnam kiln 
was not (for NOx – see table below).  Yet in spite of this the a collection of the 
worlds leading experts continued with the test burn and then de-stabilised 
the kiln to the point that the NO2 levels were nine times higher than the EU 
Waste Incineration Directive standards because they, or the laboratory, 
miscalculated the calorific values of the wastes. 
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The report says “The reason for the high NOx levels during the test burn was due to 
high heat input through the main flame due to wrong information about heat content 
of the insecticide mix prior to the test. The coal feed was approximately 1 tonne higher 
than required. The easy burnability of the solvent of the insecticide mix compared to 
hard coal probably caused a more intense flame in the main burner as well as added 
31 kg of nitrogen per hour. The consequence of this inadequate compensation was 
higher temperature in the kiln and higher NOx levels”.  
 
The report also admits that “the NOx level was however higher than the ELV also 
under the baseline measurements (under investigation)”. But gives no explanation 
of why the test was continued when the kiln was operating unlawfully 
already. 
 
If these experts, including SINTEF, could cause such a major breach of permit 
conditions on a sensitive test burn then it is very likely that other, less expert, 
operatives, will have similar or worse problems. 

Municipal Waste: 
 
The  South African kilns cannot reasonably be considered as a potential 
“solution” to the disposal of municipal waste.  The introduction of large 
amounts of unprocessed MSW into cement kilns is not practical because the 
additional kiln volume required is too great; the large amounts of ash 
generated would affect the cement clinker quality; and it would be difficult to 
sustain the required very high clinkering temperature of 1500 °C with large 
quantities of low calorific value MSW (Cheung, Lee et al. 2007). 
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Emissions from Cement Kilns 
 
Whilst some attention if paid to the stack emissions from cement kilns in the 
review literature there is much less paid to some of the other emission 
sources.  These include: 
 

ESP Trips 
 
Switching off of the ESPs leads to unabated particulate releases from the kiln. 
ESPs are switched off during start up from cold (when there is a risk of gasses 
condensing and shorting out the high tension  electrics) and if carbon 
monoxide, ‘CO’, levels within the system become too high, typically to >0.5% 
by volume (when there is a risk of explosion). 
 
The unplanned shut-downs, called CO trips, can be caused by unsteady state 
operation of the combustion system. This sometimes occurs when feeding 
solid fuels (European Commission 2000), so solid-fuel feeding systems must 
be designed to prevent surges of fuel into the burner.  The latest draft of the 
EU IPPC BREF (European Commission 2007)  gives examples from Ireland in 
2006 where CO emissions above 60 and up to  130 mg/Nm3 (half hourly 
average values) have been reported with frequencies of between one  to six 
times per month. Of these, ESP trip-outs of between 1 – 13 minutes/trip and a 
total  duration of up to 184 minutes have been reported.  The BREF also 
reports how frequencies of  CO trips were minimised at German cement 
plants and gives examples of total duration ranges  of between 1 – 29 minutes 
per year.  It is unlikely that these German examples could be considered 
representative of kiln operations in Africa – the levels of emissions reported in 
Ireland, or higher, are much more likely to reflect the African situation. 
 

Cement Kiln Fugitive Emissions: 
 
Rasul et al. (Rasul, Widianto et al. 2005) illustrated that the cement kiln unit is 
a particularly ‘leaky’ environment and estimated a leakage equivalent to 
about 3.7% of the input mass.  Fugitive emissions also escape from kilns. 
Sometimes, due to poor maintenance or operation, this can be much more 
Rasul expected. Staff at the Cemex kiln in Rugby, England, for example, 
found a cement kiln door hanging off its hinges and tried to force it shut. 
Despite knowing the door was not secure, Cemex restarted the kiln, which 
was experiencing operating difficulties.  This resulted in the release of about 
seven tones of cement kiln dust into the residential area around the plant .  
This kiln was rated as "well managed" under the UK Environment Agency’s 
operator pollution and risk appraisal (EP OPRA) system.(ENDS 2006) 
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(Rasul, Widianto et al. 2005) 
 
The leakage air from this kiln is approximately equivalent to the volume of 
total stack emissions from a 37,000 tpa MSW incinerator and is likely to have 
a significant cooling effect in parts of the process.  
 
Abdul- Wahab (Abdul-Wahab 2006) assessed the impact of fugitive 
particulate emissions from a cement plant on a nearby community using high 
volume samplers were used for the determinations of total suspended 
particulate (TSP) concentrations. The 24-average dust concentrations for each 
house were compared to the World Health Organization guideline value of 
120 µg/m3 (WHO, 1999). The results indicated that the measured average 
TSP concentrations at the three houses sampled exceeded the WHO guideline. 
They concluded that their results “revealed that the cement plant activities had 
impact on the air quality of the nearby residential houses. Such concentrations would 
be expected to be higher when worst atmospheric and stability conditions occurred 
especially if this coincided with the increase of the cement plant production rate”. 
 
The releases of dust of this nature are incompatible with the treatment of 
hazardous wastes for the reasons explained in the previous annex. 
 

Dioxin Emissions from Cement Kilns 
 
According to the European Commission’s BREF (European Commission 2000) 
on the cement industry any chlorine input in the presence of organic material 
may potentially cause the formation of dioxins/furans during the combustion 
process, and dioxins/furans can be formed in a preheater or afterwards and 
in an air pollution control device if chlorine and hydrocarbon precursors from 
the feed materials are available.  
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The results presented by Kare Karstensen at the October Stakeholder meeting 
are superficially reassuring.  He includes, for example, a table purporting to 
show the dioxin emissions recorded in 152 PCDD/F measurements from 37   
Heidelberg kilns over the period from 2001-2004 : 

 
The inference is that only two of the results significantly exceed 0.1 ng/m3 
and that the highest emission recorded is under 0.45 ng/m3.   
 
I am aware that one Heidelberg Kiln operated by Castle Cement at 
Padewsood, Wales, UK was operating in 2004 with extremely high emissions.  
This has been referred to in a recent paper by Dr Karstensen (Karstensen 
2008): 
 
The International POPs Elimination Network claim that the PCDD/PCDF emissions 
in 2004 from a long dry kiln in the UK reached 136 ng TEQ/m3 and averaged more 
50 ng TEQ/m3 over the year with total emissions of more than 40 g TEQ. The kiln, 
now closed, was operating with relatively high temperatures in the electrostatic 
precipitator and used raw material with high organic content together with waste 
pulverised fuel ashes. This information cannot be confirmed in scientific literature, 
but is referred in UNEP (2007). 
 
Whilst the data “may not be in the scientific literature” (largely because 
Heidelberg have tried to hide it) it is certainly on the Court record which is an 
even more reliable source.  The company was prosecuted by the British 
Environment Agency and found guilty on a total of nine charges, three for 
exceeding dioxin emission levels; three for failing to report dioxin emissions 
and three for not sampling when required.  
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The dioxin emissions from that one kiln were higher than claimed for the 
entire European Cement Industry for that year. 
 
It is not clear why no reference has been made to these higher values in the 
review for DEAT or why they have been omitted from the graph above – 
especially as it is included in the other publication prepared by Dr 
Karstensen.  It is true that the kiln is now closed but it is similar to the long 
dry kilns operating in South Africa and was use alternative raw materials. 
 
Other recent data raises concerns that cement kilns may still be relatively 
major dioxin sources. Chen (Chen 2004), for example, found that cement kilns 
and electric arc furnaces for steels also produced significant portion (both 
>10%) of dioxins into the environment.  It is difficult to tell what the current 
situation is in South Africa as there is an almost total lack of dioxin data for 
kiln emissions to air and none publically available for dioxin levels within the 
process. 
 

Possible Dioxin Formation in the Clinker Cooler 
 
There are recently renewed concerns that dioxin formation may be significant 
in the clinker cooler.  Dr Karstensen (Karstensen 2008) wrote: 
 
“The slightly higher concentration of PCDD/PCDF found in clinker than in cement 
when analysing the CSI samples in 2005 was a surprise (see Table 4). Cement is often 
mixed with CKDs and a higher PCDD/PCDF concentration was expected in cement 
than in clinker due to normally higher concentrations in CKD, not the opposite. The 
concentration in clinker was expected to be low; because none has identified 
PCDD/PCDF in clinker earlier (CKD, 1995; Federal Register, 1995) and because of 
the high material temperatures inside the kiln (1450 oC). One possible explanation 
could be that the clinker samples had been contaminated through ambient air in the 
cooling process. Thousands of cubic meter of ambient air are used for cooling and 
investigations from 8 EU countries have shown concentrations from 1 to 705 fg 
TEQ/m3 for urban and rural air (Fiedler, 2003). A second possible explanation could 
be contamination through adsorption of dust and material residues in the cooler. 
Depositions from ambient air have shown concentrations up to 464, 517 and 14800 
pg TEQ/m2 for rural, urban and contaminated air, respectively (Fiedler, 2003). A 
third possibility, which cannot be ruled out for the time being, is possible 
contamination during the preparation for analysis. Clinker is hard spheres which are 
difficult to crush and contamination during sample preparation in the laboratory is 
not unlikely.” 
 
This misses the fourth, and perhaps more obvious explanation, that the 
dioxins can be formed de novo in the clinker cooler by De Novo synthesis as 
described by Kikuchi et al (Kikuchi, Mukherjee et al. 2006): 
 
This year Yin (Jin, Lee et al. 2007) reported dioxin emission factors for CKD of 
up to 47.6 µg/tonne cement.  
 
 De novo synthesis occurs at temperatures ranging from 200– 400oC (Refs. 9 
and 16). It takes c.30 min to cool the clinkered materials from 1200 to 80oC in a 
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clinker cooler (see Fig. 1b); that is, it takes over 5 min to pass through the 
critical temperature zone (200 to 400uC). 
 
Assuming that factors such as the critical temperature and presence of 
catalytic compounds, organic materials, and HCl and H2O are met, Kickuchi 
considered that there is a strong possibility that dioxins/furans may form and 
adhere to the clinker and/or kiln dust. In industrial practice, the bulk of this 
kiln dust (filter ash) is returned to the production process as part of raw meal 
and/or a grinding additive (i.e. mixed with cement) and is also used as 
fertiliser, sub-base in roads, backfill material in 
 

 
 
The results proved the considerable leaching of Cl from the waste co-
incineration pieces. Furthermore, the conclusion derived from these results 
suggests that chloride bearing waste containing the chloride levels studied 
here may add dioxin-like pollutants (e.g. chlorinated organic compounds) to 
the clinker and/or kiln dust during co-incineration. This means that the 
amounts of the dioxin-like pollutants are comparatively low in the flue gas 
because the major portion of those pollutants is mixed with clinker product or 
transported to the other application fields. Based on this finding, it was 
concluded that waste from combustible residues containing high chloride 
levels is unfit for co-incineration in a clinker kiln because it may cause the 
qualitative degradation of cement and the formation of dioxin-like pollutants. 
 
They also concluded that “although waste co-incineration in a clinker kiln and 
cement production are scarcely considered to be great emission sources of 
dioxins/furans, there would still seem to be significant uncertainty about this 
subject”. 
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Cement Kiln Dust and Cement Quality Issues 
 
Most cement kilns require that a portion of the CKD be removed from the kiln 
system rather than returned to the kiln. This is done to bleed the kiln system 
of alkali materials that build up as they circulate which would otherwise 
contaminate product and damage the kiln lining (USEPA 2006). 
 
Surprisingly it appears that little cement kiln dust is produced in South Africa 
– the majority of it being blended into product.  This raises several concerns as 
the CKD is likely to be one of the most contaminated outputs from a cement 
kiln – whether burning wastes or conventional fuels. 
 
This was shown for example, by Guo (Guo and Eckert 1996) who analysed 
data from a kiln equilibration for heavy metal outputs from a cement kiln co-
fired with hazardous waste fuels. Metal outputs from stack emissions, cement 
kiln dust and cement clinker were considered and equations were derived for 
predicting all three metal outputs at any hazardous waste feed rate under 
steady state conditions. Measured concentrations of arsenic, beryllium, 
cadmium, chromium, and lead in waste kiln dust, at the highest intended 
hazardous waste feed rates to the kiln, were 68, 10, 72, 18, and 68 times those 
predicted for feed rates with no hazardous waste.  In addition, the 
intermediate, non-steady state segment of the equilibration test was analysed. 
If metals are assumed not to accumulate in the kiln, the intermediate metal 
concentrations in cement clinker were predicted to be substantially higher 
than those at the final steady state 
 
Guo et al (Guo 1997) developed a mathematical leaching model for assessing 
potential increases of lead and chromium in drinking water from using 
cement-mortar-lined pipes.  The model considered the initial wetting process, 
dissolution, diffusion, and advection of metals in the lining, accumulation of 
metals in the static pipe water and dilution of metals by the flowing water. 
Based on the modelled results, the authors concluded that (US) drinking 
water standards were likely to be exceeded when using cement with lead 
solubility larger than 70 ppb or chromium solubility larger than 540 ppb.  
 
For one cement kiln studied, it was recommended that cement kiln dust 
should not be fully recirculated when hazardous waste fuel had the 
maximum allowable amount of lead.  It was also recommended that the 
maximum allowable amount of chromium in HWF be lowered. No data has 
been provided with the SINTEF review to assess what concentrations of 
contamination are currently being fired in cement kilns and whether the 
subsequent contamination of cement is a concern in South Africa. 
 
There is little doubt that the use of wastes changes the quality of the clinker 
and the cement .  Kikuchi (Kikuchi, Mukherjee et al. 2006) found that the Cl 
content (0.36%) of clinker in the waste co-incineration test was 18 times 
greater than that (0.02%) of clinker in the blank test.  When a leaching test was 
applied to a concrete sample from the cement The results suggest that 
chlorine was not sufficiently fixed in concrete produced by waste co-
incineration. Indeed it was observed that free chloride ions easily flow out to 
the surroundings. 



 69 

 
Acternbosch (Achternbosch, Brautigam et al. 2005) identified and quantified 
the input pathways of trace elements into cement and concrete and estimated 
the extent to which trace element concentrations in cement may change due to 
waste utilisation.  Not surprisingly primary raw materials represented the 
most important input pathway for trace elements into cement, but the 
contribution from wastes was not negligible. The use of waste led to a slight 
increase of the concentrations of cadmium, antimony and zinc in cement. For 
cobalt, lead and vanadium, this increase was less distinct and for all other 
trace elements considered, the effect of the use of wastes on trace element 
concentrations in cement could not be demonstrated clearly. The trace 
element content of concrete was governed by the aggregates for most 
elements considered. However, for arsenic, cadmium, lead and zinc, both 
cement and the additive coal fly ash contributed noticeably to the total trace 
element concentration in the concrete. 
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Scenario A 
Only primary input materials (raw meal 1) and regular fuels were used. The 
primary materials in combination with different types of fuels were chosen 
such that the resulting trace element concentrations in cement were as low as 
possible. For most elements this was the case for brown coal.  
 
Scenario B 
This scenario represents combinations of raw materials and fuels, which 
resulted in the highest concentration of trace elements in cement; hence a 
‘worst case’ but realistic scenario. For all trace elements, this scenario 
consisted of raw meal 2 and different fuel variants. 

 
 
A slight increase of the trace element concentration of cement due to the use 
of waste as an input material was found for antimony, cadmium, and zinc, as 
revealed by calculations for different realistic scenarios. For lead, cobalt and 
vanadium the concentrations also increased when using waste as an input 
material, but this increase was less distinct. 
 
After the end of service life, crushed concrete weathering is accelerated due to 
the enlarged surface area. The way re-utilization was managed is of decisive 
importance for the potential environmental risk that may be caused by the 
trace elements. 
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The long-term behaviour of trace elements in crushed concrete could not be 
predicted reliably under this project as it was concluded that scientific 
knowledge is still insufficient. 
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Health Concerns Associated with Cement Kilns: 
 
Many of the health concerns associated with cement kilns are similar to those 
discussed in the last Annex and are covered in the references provided.  There 
are, however, some omissions from the literature review that should be 
corrected and these papers for which the abstracts are provided, whilst not a 
comprehensive list, are a few of those that should also be considered in 
relation to concerns about health impacts form cement kilns: 
 
Abdel-Halim, A. S., E. Metwally, et al. (2003). "Environmental pollution 
study around a large industrial area near Cairo, Egypt." Journal of 
Radioanalytical and Nuclear Chemistry 257(1): 123-124. (Abdel-Halim, 
Metwally et al. 2003) 
 Neutron activation analysis is one of the most extensively used 
methods for environmental studies due to its high sensitivity, precision, 
versatility and multielemental character. Cement factories at Helwan, south of 
Cairo, contribute substantially to environmental pollution. Determination of 
minor and trace-elements in dust particulates from the cement industrial 
areas has been performed to assess the air quality from an environmental and 
human health point of view. Soil-7 standard reference material from IAEA 
and SRM-1571 from NBS were used for quality assurance testing. The data 
obtained indicate there is an indication that the pollution could be hazardous 
to people living in and around the area surveyed. 
 
Porto, M. F. d. S. and L. d. O. Fernandes (2006). "Understanding risks in 
socially vulnerable contexts: The case of waste burning in cement kilns in 
Brazil." Safety Science 44(3): 241-257. (Porto and Fernandes 2006) 
 This article proposes a qualitative approach for understanding 
occupational and environmental risks in countries with high-social 
vulnerabilities. We use waste burning in cement kilns as a qualitative case 
study in order to illustrate how social (population and institutional) 
vulnerabilities influence the context of risk situations and events in a 
developing country such as Brazil. The vulnerability analysis was based on 
the reconstitution of the trajectory of this risk problem in a Brazilian State and 
its impacts, which mobilised several social and institutional actors. The 
methodology used interviews with different actors and an analysis of the 
documents, including mostly technical reports from various participating 
institutions. One objective of contextualising risk problems and vulnerabilities 
is to encourage professionals, decision-makers, and other social actors to 
discuss safety and health promotion in their different dimensions and to 
develop new strategies for intersectorial and participatory public policies. 
This point is important not only for developing countries even in more 
developed countries where legislation, social protection, and labour relations 
are more organised. We suggest that the need for knowledge integration, 
participation by all stakeholders, and empowerment of vulnerable groups 
exposed to risks are important principles to promote safety and health 
through the reduction of vulnerabilities. 
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Ballal, S. G., H. O. Ahmed, et al. (2004). "Pulmonary effects of occupational 
exposure to Portland cement: a study from eastern Saudi Arabia." Int J 
Occup Environ Health 10(3): 272-7.(Ballal, Ahmed et al. 2004) 
 A cross-sectional study was conducted in a randomly selected factory 
producing Portland cement in eastern Saudi Arabia to determine the 
prevalence of respiratory symptoms and diseases and chest x-ray changes 
consistent with pneumoconiosis in the employees. A sample of 150 exposed 
and 355 unexposed employees was selected. A questionnaire about 
respiratory symptoms was completed during an interview. Chest x-rays were 
read according to the ILO criteria for pneumoconiosis. Dust level was 
determined by the gravimetric method. Concentrations of personal respirable 
dust ranged from 2.13 mg/m3 in the kilns to 59.52 mg/m3 in the quarry area. 
Cough and phlegm were found to be related to cigarette smoking, while 
wheezing, shortness of breath, and bronchial asthma were related to dust 
levels. It is recommended that engineering measures be adopted to reduce the 
dust level in this company, together with health monitoring of exposed 
employees. 
 
Al-Neaimi, Y. I., J. Gomes, et al. (2001). "Respiratory illnesses and 
ventilatory function among workers at a cement factory in a rapidly 
developing country." Occup Med (Lond) 51(6): 367-73. (Al-Neaimi, Gomes 
et al. 2001) 
 Chronic exposure to Portland cement dust has been reported to lead to 
a greater prevalence of chronic respiratory symptoms and a reduction of 
ventilatory capacity. The seriousness of pulmonary function impairment and 
respiratory disease has not been consistently associated with the degree of 
exposure. Regular use of appropriate personal protective equipment, if 
available at the worksite, could protect cement workers from adverse 
respiratory health effects. For a variety of reasons, industrial workers in 
rapidly developing countries do not adequately protect themselves through 
personal protective equipment. This study explores the prevalence of chronic 
respiratory symptoms and ventilatory function among cement workers and 
the practice of use of personal protective equipment at work. An interviewer-
administered questionnaire was used to collect information on 
sociodemographic characteristics, smoking profile and history of respiratory 
health among workers at a Portland cement plant (exposed) and workers 
occupationally unexposed to dust, fumes and gases (unexposed). Pulmonary 
function was assessed and pulmonary function impairment was calculated 
for the exposed and the unexposed workers. A higher percentage of the 
exposed workers reported recurrent and prolonged cough (30%), phlegm 
(25%), wheeze (8%), dyspnoea (21%), bronchitis (13%), sinusitis (27%), 
shortness of breath (8%) and bronchial asthma (6%). Among the unexposed, 
prevalences of these symptoms were 10, 5, 3, 5, 4, 11, 4 and 3%, respectively. 
Ventilatory function (VC, FVC, FEV(1), FEV(1)/VC, FEV(1)/FVC and PEF) 
was significantly lower in the exposed workers compared with unexposed 
workers. These differences could not be explained by age, body mass index 
(BMI) or pack-years smoked. Ventilatory function impairment, as measured 
by FEV(1)/FVC, showed that 36% of the exposed workers had some 
ventilatory function impairment compared with 10% of those unexposed. 
Certain jobs with greater exposure to cement dust had lower ventilatory 
function compared with others among the exposed workers. It was concluded 
that adverse respiratory health effects (increased frequency of respiratory 
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symptoms and decreased ventilatory function) observed among cement 
workers could not be explained by age, BMI and smoking, and were probably 
caused by exposure to cement dust. 
 
Carrasco, F., N. Bredin, et al. (2002). "Gaseous Contaminant Emissions as 
Affected by Burning Scrap Tires in Cement Manufacturing." Journal of 
Environmental Quality, 31: 1484–1490. (Carrasco, Bredin et al. 2002) 
 We studied the environmental impact (gaseous emissions) of using 

scrap tires as a fuel substitute at a cement plant that produces one million tons 
of cement per year. Using a combination of tires and coal as opposed to only 
coal caused variations in the pollutant emission rate. The study recorded a 
37% increase in the rate of emission for CO, a 24% increase for SO2, an 11% 

decrease for NOx, and a 48% increase for HCl when tires were included. The 
rate of emission for metals increased 61% for Fe, 33% for Al, 487% for Zn, 
127% for Pb, 339% for Cr, 100% for Mn, and 74% for Cu, and decreased 22% 
for Hg. On the other hand, the emission rate of organic compounds dropped 
by 14% for polycyclic aromatic hydrocarbons, 8% in naphthalene, 37% in 
chlorobenzene, and 45% in dioxins and furans. We used a Gaussian model of 
atmospheric dispersion to calculate the average pollutant concentration (1-h, 
24-h, and annual concentrations) in the ambient air at ground level with the 
help of the ISC-ST2 software program developed by the USEPA. When tires 
were used, we observed (i) a 12 to 24% increase in particulate matter, this 
range considering the concentration variation depending on the average used 
(1-h, 24-h, and annual basis), 31 to 52% in CO, 22 to 34% in SO2, 39 to 52% in 
HCl, 12 to 27% in Fe, -3 to 8% in Al, 30 to 37% in Zn, and 270 to 885% in Pb; 
(ii) a decrease of 8 to 13% in NOx, 9 to 13% in polycyclic aromatic 
hydrocarbons, 6 to 7% in naphthalene, 32 to 39% in chlorobenzene, and 32 to 
45% in dioxins and furans. The results obtained showed that the maximum 
ground-level concentrations were well within the environmental standards 

(for operation with only coal as well as for operation with a combination of 
coal and tires). 
 
 
Legator, M. S., C. R. Singleton, et al. (1998). "The health effects of living 
near cement kilns; A symptom survey in Midlothian, Texas." Toxicology 
and Industrial Health 14(6): 829-842. (Legator, Singleton et al. 1998) 
 Cement kilns are major sources of toxic air emissions. Regulations 
based on demonstrated concentrations of specific chemicals, and risk 
assessments with inherent limitations and uncertainties, are the current 
methods of preventing exposure to 'unsafe' emission levels. Monitoring data 
are frequently incomplete. These limitations mandate that residents residing 
near cement kilns be evaluated for adverse health effects. This study reports 
findings from a symptom survey conducted in Midlothian, Texas, which adds 
to the limited but growing body of knowledge showing that persons living 
near cement kilns are experiencing increased respiratory effects. This cross- 
sectional study uses randomized sampling and an extensive health 
questionnaire, covering 12 physiological systems, to determine differences in 
reported health symptoms between the study community (Midlothian, Texas, 
n = 58) and the reference community (Waxahachie, Texas, n = 54). Findings 
indicate significant elevations in reported respiratory symptoms in the study 
community (p-value 0.002). Although the comparatively small sample size is 
a limitation, the fact that only 'respiratory effects' were highly significant 
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supports the efficacy of this investigation. Respiratory effects would be the 
major anticipated outcome from the known exposures under investigation. 
This specificity of response (i.e., elevation in respiratory symptoms only), 
indicates that 'response bias' was not a significant factor in this study. 
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Performance of Existing Kilns 
 
The conclusions of the review of existing cement plants in South Africa 
(Karstensen 2007) gives cause for concern. 
 
This report confirms that “Kiln systems with 5 cyclone preheater stages and 
precalciner are considered standard technology for ordinary new plants”.  The 
conclusions are careful not to completely undermine the older kilns but they 
concentrate only on multi-stage pre-heater, pre-calciner kilns as being the 
only kilns with the technological advantages to overcome the many problems 
of waste burning.   
 
It is also clear, even though the conclusions are carefully worded, that many 
of the existing kilns do not meet modern standards: 
 
“Compared with “international” technology, for example in Europe, many of the 
South African kilns, especially the long dry without preheating or exit gas 
conditioning, are old with low energy efficiency and low environmental performance. 
It is doubtful if it’s economical feasible to upgrade these kilns and improve the 
performance significantly.” 
 
But even amongst the more modern pre-calciner kilns none have bypasses or 
other features which would be standard in a BAT kiln. 
 
Of even greater concern is the comment on p40 that  “Some of the long dry kilns 
have no exit gas conditioning or cooling before the gas enters to the air pollution 
control device (electro static precipitator), implying that the temperature will be in the 
range of 200-400 0C, which under unfavorable conditions may contribute to the 
formation and release of dioxins; this should be checked”.  This rather under-states 
the possible hazards – it was conditions like these that have been responsible 
for many of the historically high emissions of cement kilns with emission 
levels of 50 ng/m3 and sometimes even higher of dioxins.  It is vital that 
action is taken to follow up these concerns. 
 
It is claimed that “Most of the “new” South African kilns are comparable to 
“international” performance standards, i.e. equipped with preheaters (and calciner), 
efficient clinker coolers and raw mills, exit gas conditioning, sufficient air pollution 
abatement capacity, on-line emission monitors, and independent measurements of for 
example dioxins”.  
 
Yet this is demonstrably not the case for the kilns reviewed as can be seen 
from the summary abstracts below.  Few have actually been sampled for 
dioxin (and there is no suitable lab in South Africa in any case) but most do 
not have the basic emission monitoring equipment that would be required for 
European Kilns.  Incredibly several of these kilns are already burning wastes 
but the quantities are claimed not to be available (!).   
 
The report says: 
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“All the plants recive (sic) electricity from the grid, i.e. Escom. Most of the plants said 
they experience dips in power with subsequent process and air pollution control 
instability”.  Yet the summary reports, copied below in Annex 4, shows that all 
claim, incorrectly, to have a reliable and adequate electricity supply.  
Presumably this has been ‘moderated’ because it is recognised that  the 
unreliability of the electricity supply dramatically increases the risks 
associated with the treatment of hazardous wastes in cement kilns. 
 
Whilst it is suggested that “It would probably be economic (sic) feasibile to 
upgrade all of the “new” South African kilns to comply with for example the 
EU emission limit values” no indication is given of the costs of doing so or 
what improvements would be required 
 
The conclusions say that whilst the kilns visited “would, from a technical 
standpoint, be able to co-process AFRs and treat hazardous wastes.” (subject to 
upgrading to European standards at an unspecified cost if dual standards are 
not to be operated) the “ “Inherent” kiln features, as high temperatures and long 
residence time, is however not enough to be qualified to co-process AFRs and treat 
hazardous wastes adequately”. 
 
In addition the plant “need qualified and skilled employees to manage AFRs 
and hazardous wastes, as well as health, safety and environmental issues; 
they will need adequate emergency and safety equipment and procedures, 
and regular training; they will need authorised and licensed collection, 
transport and handling “systems”; they will need safe and sound receiving, 
storage, preparation and feeding facilities; they will need adequate laboratory 
facilities and equipment for AFR and hazardous waste acceptance and 
feeding control; and they would need to demonstrate the destruction 
performance of hazardous wastes through test burns.”  Given that these 
requirements are not already in place it begs the question why the burning of 
wastes is currently being permitted in the South African kilns.  All current 
waste burning should be stopped until at least these basic minimum 
requirements are met. 
 
The Holcim GTZ guidelines (Holcim and GTZ 2006) say: 
 
“Co-processing should only be applied if not just one but all tangible pre-conditions 
and requirements of environmental, health and safety, socio-economic and operational 
criteria are fulfilled.” 
 
It is clear from the information provided in this consultation that this 
situation does not currently apply to the wastes being burned in cement kilns 
in South Africa and is unlikely to do so in the foreseeable future. 
 
 


