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EXECUTIVE SUMMARY

The second national inventory of the release of polychlorinated dibenzodioxins
(PCDD) and polychlorinated dibenzofurans (PCDF) was prepared based on the activities in
year 2013. The inventory was compiled according to the toolkit developed by the UNEP
which has categorised PCDD/PCDF sources to ten groups as given in the table below.

Waste related data were obtained from National Waste Management Support
Centre, Western Province Waste Management Authority, and Ministry of Health, while
activity rates related to production of metal, mineral, and consumer etc., were obtained
from the records of environmental protection licence through the Central Environmental
Authority and Board of Investment. In addition, certain information was obtained directly
from selected companies.

Information pertaining to heat and power generation was obtained from the
National Energy Balance data. Transport related information obtained from the
Department of Motor Traffic and Traffic Vehicle Emission Testing Trust Fund. Moreover,
Fuel related data were obtained from the National Energy Balance and Ceylon Petroleum
Corporation for the estimation of PCDD/PCDF releases from transport related activities.

In order to estimate the releases from open burning process, activity rates were
derived based on the information obtained from the Department of Census & Statistics and
the Central Bank.

The total release of PCDD/PCDF from these categories are given in Table S1 below.
Accordingly, the total emission of PCDD/PCDF in 2013 is 182 g TEQ. Of the main source
group waste incineration, almost the entire amount comes from the incineration of medical
waste. Even though the quantity of waste is relatively small, the emission factors related to
the low technological incineration practices are very high. The second highest emission
comes from the open burning of domestic and agricultural wastes.

Table S1- Summary of the PCCD/PCDF releases in 2013

Annual Releases (g TEQ/a)
Source Groups

Air Water | Land | Product | Residue
Waste Incineration 58.5 NA NA NA 18.6
Ferrous and Non-Ferrous Metal Production 1.9 NA NA NA 5.1
Heat and Power Generation 28.6 0.0 NA NA 2.6
Production of Mineral Products 1.9 ND NA NA NA
Transportation 0.7 NA NA NA NA
Open Burning Processes 49.4 ND 1.6 NA NA

xi
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Production of Chemicals and Consumer

Goods ND ND ND 0.2 ND
Miscellaneous 0.152 NA NA NA 1.4
Disposal 0.0 0.1 NA 5.2 6.0
Identification of Potential Hot-Spots ND ND ND ND ND
Total 141.3 0.1 1.6 5.5 33.7
Grand Total 182 g TEQ/a

The baseline emission inventory estimated in 2002 was adjusted in line with the
methodology and emission factors of the UNEP 2013 Tolkit used in the present study. This is
necessary so that a direct comparison between two inventories is made possible.
Accordingly, the emission from waste incineration overtook the open burning process to be
the highest PCDD/PCDF source group in 2013. This change was due to increase in healthcare

waste generation.

The second highest release was from open burning process. Both the groups are
related to waste management which emphasises the need for better waste management
practices adopted in Sri Lanka. Further, a rigorous awareness campaign on the negative

aspects of open burning, targeting the general public, is recommended.

Table S2- Re-adjusted inventory of 2002 PCDD/PCDF releases

Annual Releases (g TEQ/a)
Group | Source Groups Air Water | Land | Product | Residue
Waste Incineration 20.3 0.0 NA NA 1.4
Ferrous and Non-Ferrous Metal 5.2 ND | NA NA 50.6
Production
3 Heat and Power Generation 13.3 ND ND NA 2.7
4 Production of Mineral Products 0.9 NA | ND ND 0.0
5 Transportation 0.5 NA NA NA 0.0
6 Open Burning Processes 42.0 NA | 4.3 0.0 0.0
7 Production of Chemicals and ND ND | ND 0.5 0.0
Consumer Goods
8 Miscellaneous 2.4 ND | ND ND 0.1
9 Disposal ND 0.1| ND 5.2 6.0
10 Identification of Potential Hot-Spots ND ND
1-10 Total 84.6 01| 43 5.7 60.8
Grand Total 153 g TEQ/a)

xii
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Implementation of best available technique and best environmental practices
(BAT/BEP) is recommended in order to reduce the PCDD/PCDF emission form industrial
activities. For this purpose, establishment of an information clearinghouse attached to
Central Environmental Authority or any other suitable agency is suggested to support the
industry in this process.

One of the difficulties faced during the compilation of this inventory is the access to

the information required. It is important to have a national data management system so
that the necessary information is available for correct decision making.

Xiii
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CHAPTER 1

1. INTRODUCTION

1.1 General

As a party to the Stockholm Convention on Persistent Organic Pollutants, Sri
Lanka needs to prepare a National Implementation Plan (NIP) that will delineate the
present inventory level of the POPs and develop a plan to meet the requirement of
the convention. Sri Lanka prepared its first National Implementation Plan in 2002
and the present up date will be the second one.

1.2 Unintentional Persistent Organic Pollutants (UPOPs)

UPOPs are a group of persistent organic pollutants listed in the amended

Annex C of the Stockholm Convention and they include:

e Polychlorinated dibenzo-p-dioxins (PCDD)
e Polychlorinated dibenzofurans (PCDF),

e Polychlorinated biphenyls (PCB),

e Hexachlorobenzene (HCB), and

e Pentachlorobenzene (PeCBz).

Out of these compounds, PCDD and PCDF are not manufactured intentionally
for any commercial or other applications, except for some laboratory applications,
and formed as unintentional by-products of manufacturing and combustion
processes that involve chlorine or chlorine containing compounds and organic
matter.

The largest share of PCBs (approx. 1.3 million tonnes) has been produced as
industrial mixtures and used e.g. as coolants and/or lubricants in transformers and
other electrical items due to their favourable properties such as fire, heat and
electrical resistance. PCBs are additionally formed as unintentional by-products of
combustion of chlorine containing wastes, certain chemical processes involving
organochlorines such as pigments, and vehicle exhaust emissions.
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HCB has been widely used as a pesticide and as an ingredient in making
fireworks, ammunition and synthetic rubber. It was also used as pesticide (UNEP,
2007). These compounds are also produced unintentionally in certain production of
organochlorines (e.g. chlorinated solvents; tetrachloro phthalic acid and related
pigments (UNEP 2013)) and formed by the thermal processes involving chlorine
compounds.
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CHAPTER 2

2. ESTIMATING ANNUAL RELEASES OF DIOXINS AND FURANS FROM

THE MAIN SOURCE CATEGORIES

Article 5 of the Stockholm Convention requires the Parties to the Convention
to undertake an evaluation of current and projected releases, including the
development and maintenance of source inventories and release estimates, taking
into consideration the source categories identified in Annex C of the Convention.

As a supporting tool for this purpose, UNEP has developed a toolkit for
Identification and Quantification of Releases of Dioxins, Furans and other
Unintentional POPs (UNEP, 2013). The objective of the toolkit is to ensure that
source inventories and release estimates are complete, transparent, as well as
consistent in format and content so that the result could be compared at regional,
national and global level and the progress of the national implementation plans
could be consistent. The toolkit provides UPOP emission factors in terms of toxic
equivalent factors per activity rate for each emission source category.

The present work also follows the guidelines given in UNEP toolkit to
undertake the source inventories and release the estimate for the year 2013 in Sri
Lanka. The following main source categories are covered under the present
inventory.

1. Waste Incineration addresses seven source categories of waste incinerators,
the classes within each category and the default emission factors for each
class.

2. Ferrous and Non-Ferrous Metal Production addresses twelve source
categories for the production of metals and metal alloys including recycling
operations, the classes within each category and the default emission factors
for each class.

3. Heat and Power Generation addresses five source categories of large and
small installations using fossil fuels, biomass or gas, the classes within each
category and the default emission factors for each class.
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4. Production of Mineral Products addresses seven source categories of
processes to manufacture mineral products, the classes within each category
and the default emission factors for each class.

5. Transport addresses four source categories including road and ship
transport, the classes within each category and the default emission factors
for each class.

6. Open Burning Processes address two source categories of burning biomass or
waste without technical equipment, the classes within each category and the
default emission factors for each class.

7. Production and Use of Chemicals and Consumer Goods address eight source
categories of various industrial activities, the classes within each category
and the default emission factors for each class.

8. Miiscellaneous addresses an array of five source categories that do not match
the description of any other source group, the classes within each category
and the default emission factors for each class.

9. Disposal and Landfill addresses five source categories related to waste
disposal, the classes within each category and the default emission factors
for each class.

10. Contaminated Sites and Hotspots addresses thirteen source categories that
should be noted in the inventory where contamination might have occurred.
In the NIP implementation process these sites would be further assessed and
classified.

11. The UPOP emission from major categories of sources in the UNEP toolkit was
estimated for the year 2013. This chapter describes the procedures adopted
and reports the emission level from each source category.

2.1. Source Group 1- Waste Incineration

Source group 1 in the toolkit contains seven types of waste incineration
categories that include municipal solid waste, hazardous waste, medical waste, light
fraction shredder waste, sewage sludge, waste wood and waste biomass, and animal
carcasses. Section 2.1 reports the PCDD/PCDF releases from these categories.
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2.1.1. Municipal Solid Waste Incinerators
Sri Lanka does not have any municipal waste incineration facility.
2.1.2. Hazardous Waste Incineration

There is one cement manufacturer, Holcim Lanka Ltd., that co-processes
hazardous wastes in their cement kilns. Data related to waste incineration in 2013 in
the facility was obtained from the company. Accordingly, 12,429 tonnes of
hazardous wastes consisting of industrial sludge, waste oil, petroleum waste,
hazardous solvents and other hazardous solids were co-processed at the facility.
Emission from this activity is covered under Cement Production category 2.4.1.

In Sri Lanka, it is obligatory that parties which generate or handle hazardous
waste be registered with the Central Environmental Authority (CEA). The contact
details of these agencies were obtained from the CEA and the hazardous waste
related data were collected by contacting individual parties. Care was taken to avoid
double counting of data by excluding parties that send their waste to be incinerated
in cement kilns, as this would be covered under 2.4.1 cement manufacturing.

According to the information gathered, 1,726 tonnes of hazardous waste are
incinerated in a controlled manner, but without proper air pollution control systems
(APCS) and another 548 tonnes of waste is burnt in incinerators in controlled
manner in units with APCS in facilities other than cement kilns. These activities
resulted in the release of 0.601 gTEQ/year and 1.800 g TEQ/year of PCDD/PCDFto air
and fly ash, respectively.

Table 2.1 - PCDD/PCDF emission from the hazardous waste incineration

Eacilit Quantity Emission Factor | Total emission (g TEQ/y)
Y (t/y) (ug TEQ/Y) Air Fly Ash
Controlled .
. - 350 (air)
combustion, minimal 1,726 0.604 1.553
900 (fly ash)
APCS
Controlled .
. 10 (air)
combustion, good 548 0.005 0.247
450 (fly Ash)
APCS
Total 0.609 1.800
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2.1.3. Medical Waste Incineration

Aggregate medical waste incineration data related to government healthcare
facilities were obtained from the Ministry of Health Nutrition & Indigenous
Medicine. Accordingly, approximately 1350 tonnes of medical wastes were
incinerated in facilities with minimal APCS in uncontrolled batch operations. Another
900 tonnes of waste were burnt in incinerators with good APCS under controlled
batch operations. Medical waste data from non-governmental facilities were
obtained through questionnaires.

In most cases, burning of medical waste is undertaken in open pits, or other
rudimentary facilities. Even the existing healthcare facilities do not have proper air
pollution control units, nor do they have proper temperature control in the
combustion chamber or in the stack to minimise the emission of compounds such as
Dioxin and Furans. Therefore, as an upper bound estimation of the emission,
emission factor corresponding to the category of “uncontrolled batch combustion,
no APCS” was used.

Data from other healthcare facilities were obtained by contacting major
stakeholders. Accordingly, a total of 57 tonnes of waste are incinerated in units with
good APCS under controlled batch conditions. The estimated PCDD/PCDF emission
was 56.730 gTEQ/year and 0.340 g TEQ/year to air and residue, respectively. Table
2.2 gives the estimated UPOP emission from the medical waste incineration.

Table 2.2- Estimated PCDD/PCDF emission from the medical waste incineration

Quantity Emission Factor Total emission
Facility (tonnes) (ug TEQ/Y) (g TEQ/year)
Air Residue Air Residue
Uncontrolled batch 1350 40,000 200 54.000 0.270
operation no APCS
Controlled, batch, 900 3,000 20 2.700 0.018
‘no or minimal APCS
Controlled batch 57 525 920 0.030 0.052
operation with good
APCS
Total 56.730 0.34
0
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2.1.4. Light-fraction Shredder Waste Incineration

There are no light- fraction waste incinerators in Sri Lanka. Data related to
disposal of old vehicular seats and upholsteries were obtained through a survey
carried out by the socio-economic consultant of the project and was found to be
insignificant.

2.1.5. Sewage Sludge Incineration

Disposal of sewage by sewage sludge incinerators is not widely practiced in
Sri Lanka. However, one major apparel industry started co-incineration of sewerage
sludge with biomass. The total sludge incinerated in 2013 is reported as 9tonnes.
The incinerator is equipped with a good air pollution control unit. The emission is
found too insignificant to be included as a separate sector.

2.1.6. Waste Wood and Waste Biomass Incineration

According to the information available in the Forest Department there are
about 3015 saw mills and 4442 timber depots in operation. According to a survey
carried out in 2002, the average daily saw dust production per mill is about 1.2
tonnes. (Amerasekera & Jayaratna, 2002). Since there was no other source of data
available, this figure was used to estimate the total saw dust production from 3015
saw mills, which were assumed to operate 250 days per year. This resulted in about
0.904 million tonnes of saw dust production in Sri Lanka in 2013.

However, there is no data available to estimate how much of these wastes
are incinerated. Even though burning of saw dusts at saw mills used to be a
practiced, most of the saw dust generated now is used as an industrial energy
source. These industries include cement, brick and other manufacturing facilities.
These categories are covered under section 3, Heat and Power Generation.

Incineration of saw dust at the site in cured incinerators is still practiced to
an extremely low extent (or much lesser extent) but the amount could not be
estimated. However, mere 2% incineration would mean 18,000 tonnes per year
which would result in 1.8 gTEQ/year emissions to air and 18 gTEQ/year to fly ash.

2.1.7. Destruction of Animal Carcasses

Large scale incineration of animal carcases or parts is not practiced in Sri
Lanka. Several poultry farms use incineration as a means of destroying birds, mainly
chicks that died due to diseases. The reported quantity was 1.8 tonnes in furnaces
with little or no air pollution controlling. This resulted in 0.001 gTEQ/year.
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Table 2.3- Summary of PCDD/PCDF emission from waste incineration

‘Annual Release (g TEQ/a)
Air Fly ash
Hazardous waste incineration 0.013 0.266
Medical waste incineration 56.730 0.052
Sewage sludge incineration 0.000 0.000
Waste wood and waste biomass incineration 1.800 18.000
Destruction of animal carcasses 0.001 0.000
Total 58.544 18.319

2.2 - Source Group 2- Ferrous and Non-Ferrous Metal Production

Activity rates for twelve categories of metal production are covered under
source group 2. Activity rates for industries coming under these categories were
obtained from records provided by individual manufacturers to the CEA under
Environmental Protection License (EPL) Scheme. Selected manufacturing sites from
among them were visited to check the validity of data.

However, some manufacturers had not provided data in the EPL application
and they were contacted to gather data through questionnaires.

Activity rates of manufacturing facilities located in the Board of Investment
(BOI) zones were obtained from the BOI records.

In cases where the technology of production and other information required
to assign the emission factors were not available in EPL files, the manufacturers
were contacted to obtain required information.

2. 2.1. Iron ore sintering

No iron ore sintering facility is available in Sri Lanka.
2.2.2. Coke production

No coke production facility is located in Sri Lanka.
2.2.3. Iron and Steel Production and Foundries

Records of fifteen facilities that process scrap materials with limited air
pollution control were found among the EPL records. The total material processed in
these facilities in 2013 was estimated to be 96,484tonnes. Using the emission
factors corresponding to this category, emission of PCDD/PCDF to air was estimated
to be 0.965 g TEQ/year, while release to residue was 1.447 g TEQ/year. Moreover,
the residues resulting from steel production are likely to contain lead and possibly
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mercury, which will further highlight the need for proper management of these
residues.

In addition, 19,800tonnes of clean scrap/virgin iron or dirty scrap were
processed in foundries equipped with APC designed for low PCDD/PCDF emission.
The emission from these units to air was estimated to be 0.198g TEQ/year.

2.2.4. Hot-dip Galvanizing Plants

In 2013, 4,700 tonnes of steel products were galvanised in a plant which has
a degreasing process step. This resulted in 0.0002 g TEQ/year PCDD/F emission to air
and 0.01 g TEQ/year release to residue.

2.2.5. Copper Production

There are several scrap copper processing industries, located in the Board of
Investment BOI zones that process copper, imported, mainly from India. According
to the requirements of Basel Convention all consignment of imports of scrap copper
must accompany a certificate indicating the purity level. Only consignments that
achieve purity level above 95% will be released for processing.

According to the EPL records, 480 tonnes of secondary copper processing
units were in operation in facilities located outside BOI zones. The air pollution
control systems of these facilities are at a basic level hence emission factors
corresponding to category of “secondary Copper —basic technology” was selected.
Further, 340 tonnes of scrap copper were processed in facilities located in BOI zones
and they were equipped with better air pollution control units. Accordingly,
estimated PCDD/F releases copper processing to air and to residue are 0.401 and 0.5
g TEQ/year, respectively.

However, according to the terms of agreement between the industries, CEA,
and the BOI, all residue generated from the process must be re-exported to the
country of origin of the scrap. Nevertheless, the release to the residue was included
in the inventory as to be comparable with the previous inventory.

2.2.6. Aluminium Production

Among the metal processing industries, aluminium melting can be
considered as the most wide spread industry. Most of these industries are of small
scale and use waste oil fired crucible furnaces with zero or minimal air pollution
control facilities to melt recycled aluminium scrap. There were 13 aluminium melting
plants operating in Sri Lanka in 2013.Altogether 6,420 tonnes of aluminium were
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processed in facilities with proper air pollution control, while further 1,300tonnes of
scrap aluminium were melted in facilities that did not have proper air pollution
control units. These operations resulted in estimated PCDD/F release of 0.152
gTEQ/year to air and 2.80 gTEQ/year to residue.

2.2.7. Lead Production

Data from BOI records reveal that 3,520 tonnes of lead melting was carried
out in 2013, while production units situated outside BOI zones have processed 3300
tonnes of lead resulting in PCDD/F emissions of 0.055 and 0.3 g TEQ/year to air and
residue, respectively.

2.2.8. Zinc Production

A total of 1467 tonnes of zinc has been produced in hot plants, equipped
with basic air pollution controlling units, located within BOI zones. This resulted in
0.146 g TEQ /year PCDD/F released air and 0.001 g TEQ/year to residue.

2.2.9. Brass and Bronze Production

Production of brass and bronze items is a small scale industry in Sri Lanka
mainly located in Kandy and Gampaha Districts. The data from EPL records, BOls and
Industrial Development Board revealed that 870 tonnes of brass and bronze were
processed in 2013 in facilities which came under the purview of these organisations.
According to a survey carried out by Karunaratne et al (to be published in 2016,
another 300 tonnes were processed in units that were not covered under the
previous categories. Out of these quantities 700 tonnes were processed in units with
some air pollution control units while the remaining 470 tonnes were melted in
simple furnaces. The estimated total UPOP released to air was 0.006 g TEQ/year.

2.2.10. Magnesium Production
No records of any magnesium processing plants have been found.
2.2.11. Other Non-ferrous Metal Production

No records of any other non-ferrous metal production plants have been
found.

2.2.12. Shredders

No shredding plant is located in Sri Lanka.
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2.2.13. Thermal Wire Reclamation

Thermal wire reclamation is not practiced as an industry, though it may take
place in small scale at domestic level. This was not considered in this inventory.
Table 2.4 indicates the summary of PCDD/PCDF emissions from Ferrous and Non-
Ferrous Metal Production in Sri Lanka

Table 2.4 — Summary of PCDD/PCDF emissions from Ferrous and Non-Ferrous
Metal Production

. Annual release
. Activity Rates
Source categories (t/y) (g TEQ/Y)
Air Residue
1. Iron ore sintering NA
2. Coke production NA
3. Iron and steel production
Iron and steel plants 96,484 0.965 1.447
Foundries 19,800 0.198 ND
Hot-dip galvanizing plants 4,760 0.0002 0.010
4. Copper production 820 0.401 0.500
5. Aluminium production 7,720 0.152 2.8
6. Lead production 6,820 0.055 0.3
7. Zinc production 1,467 0.146 0.001
8. Brass and bronze production 870 0.004
9. Magnesium production ND
10. Other non-ferrous metal production ND
11. Shredders ND
12. Thermal wire reclamation ND
Total 1.912 5.058

2.3. Source Group 3-Power Generation and Heating

Source group 3 contains five categories of power generation and domestic heating
and cooking. Most of the data required for this source group was available from the
National Energy Balance 2013.

2.3.1 Power Generation

According to the National Energy Balance 2013 (SEA, 2014), about 50% of the total
energy generation came from thermal sources. Given in Table 2.5 is the total energy
generation from different sources, while Table 2.6 indicates the contribution of
different fuel types to the thermal power generation in 2013.
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Table 2.5- Total electricity generation (GWh) in 2013

Mode Quantity (GWh)
Conventional Hydro Power 6,010.10
Thermal Power Plants 4,819.72
Small Hydro Power 908.39
Wind Power Plants 234.58
Biomass Power Plants 26.39
Solar Power 1.68
Off-Grid, Non-Conventional 18.80
Total Gross Generation 12,019.66

(Source: National Energy Balance, 2013)

Table 2.6- Thermal electricity generation in 2013 according to the fuel type

Gross Generation

Fuel type (GWHh) ™)
Fuel Qil (HSFO 180 CST, FO 1500) 1357.792 4888.051
Diesel 422.580 1521.288
Coal 1465.393 5275.415
Residual Qil (HSFO 380 CST, FO 3500) 721.225 2596.410
Fuel Oil (LSFO 180 cst) 460.213 1656.767
Naphtha 388.527 1398.697
Biomass Power Plants 26.390 95.004

(Source: National Energy Balance, 2013)

For the purpose of emission estimation, fuel oil and diesel were assigned the
same emission factor so that the results are compatible with the preliminary
inventory carried out in 2002. Emission factor given in the toolkit pertaining to the
light fuel was used for estimating emissions from Naphtha burning power plants.

Given in Table 2.7 are the estimated emission levels from power generation
in Sri Lanka. However, the calculation procedure adopted in the previous national
inventory is different from the present one, hence the emission level from thermal
power generation in 2002 from was recalculated based on the data given in Table
2.8. As shown in Table 2.9, this recalculation resulted in 0.269 gTEQ/year of PCDD/F
emission.

12
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Table 2.7: Estimated UPOP emissions from the power generation in 2013

Fuel type Electricity Emission Factor Total Emission
Generated (ng TEQ/T)) (g TEQ/year)
(TJ) Air Residue Air Residue

Fuel Oil (HSFO 180
CST, FO 1500) 4888.051 35 ND 0.171 ND
Diesel 1521.288 2.5 ND 0.004 ND
Coal 5275.415 10 14 0.053 0.074
Residual Oil (HSFO
380 CST, FO 3500) 2596.410 35 ND 0.091 ND
ESS' Oil (LSFO 180 1656.767 25 ND 0.004 ND
Naphtha 1398.697 0.5 ND 0.001 ND
Biomass Power 95.004 50 15 0.005 ND
Plants

Total 17431.632 0.328 0.074

Table 2.8 - Thermal electricity generation in 2002 according to the fuel type

Fuel Type GWh T)
Fuel Oil (HSFO 180 CST, FO 1500) 935.317 3367.141
Diesel 676.115 2434.014
Coal N/A N/A
Residual Qil (HSFO 380 CST, FO 3500) 1365.467 4915.681
Fuel Qil (LSFO 180 cst) N/A N/A
Naphtha 219.035 788.526

Table 2.9: Re-estimated UPOP emissions from the power generation in 2002

_ Emission Factor Total emission
Fuel Type Quzi\rr]tlty (g TEQ/TY) (g TEQ/year)
(1) Air Residue Air Residue
Fuel Oil (HSFO 180 CST, FO 1500) | 3367.141 35 ND 0.118 ND
Diesel 2434.014 2.5 ND 0.006 ND
Coal N/A 10 14 N/A N/A
Residual Oil (HSFO 380 CST, FO

3500) 4915.681 35 ND 0.172 ND
Fuel Oil (LSFO 180 cst) 0 2.5 ND 0.000 ND
Naphtha 788.526 0.5 ND 0.000 ND
Biomass Power Plants 0 50 15 0.000 ND

Total 0.296 | 0.000

13




Updated inventory of Dioxins & Furans in Sri Lanka - 2015

2.3.2 Landfill, Biogas Combustion

There are no landfill gas or biogas fired boilers available in Sri Lanka, though

biogas is used for cooking at domestic level. This is discussed in section 2.3.4.
2.3.3. Household heating and cooking with biomass,

Biomass is the dominant type of fuel used in domestic cooking, especially in
the rural areas. According to the Central Bank data released in 2014, about 80.5% of
households used firewood as cooking fuel (Central Bank of Sri Lanka, 2014). The Sri
Lanka Energy Balance- 2013 reports the biomass (Fuel wood) consumption data as
“Household, Commercial and Other” and hence the estimation of household

consumption figures alone is not possible.

Since the uses of biomass in commercial entities are also mostly for cooking,
the values given are used to estimate the total emission. Accordingly, 8283.46 kt of
fuel wood with an equivalent energy content of 131788.32 TJ was used in these
sectors. The emission factor of 100 pg TEQ/TJ was used to estimate the PCDD/PCDF
released to air from fuel wood burning. The same emission factor has been used in

2002 estimation as well.

In order to assess the PCDD/PCDF in residues, ash content in biomass on as
received basis was assumed to be 3%. Therefore, the release of PCDD/PCDF/F to air
and residue from heating and cooking with biomass was estimated to be 13.179 g

TEQ/year and 2.5 g TEQ/year, respectively.

2.3.4. Household Heating and Cooking with Fossil Fuels

Fossil fuels used in household, commercial and other uses include LPG and
kerosene oil. LPG is almost exclusively used for cooking purposes, while a fair
amount of kerosene is used for lighting in rural houses. In 2010, 16% and 2.5% of the
households used LPG and kerosene as cooking fuel, respectively. In addition, 12.5%

of households used kerosene oil for lighting purposes (Sri Lanka Central Bank, 2014).

14



Updated inventory of Dioxins & Furans in Sri Lanka - 2015

However, the amount of kerosene used for lighting purposes is fast diminishing due

to the government policy of rural electrification.

Obtaining data to estimate what fraction of kerosene is used for lighting
purposes is not possible and hence the complete amount of kerosene usage listed in
Sri Lanka Energy Balance 2013 under this category was allocated as fuel for cooking
purposes. This approach was taken as there is no separate emission factor given in
the toolkit for lighting. This will have very little effect on the final results as both

combustion processes are similar.

The emission factors of 10 pg TEQ/T) and 1.5 pg TEQ/T) were used to
estimate the emission to air from kerosene fired stoves and LPG fired stoves,
respectively. In 2013, 111.81 kt kerosene with an equivalent energy value of 4915.3
TJ and 199.51 kt of LPG with an equivalent energy content of 8854.24 TJ were used
for domestic and commercial cooking purposes. This resulted in total of 0.062 g

TEQ/year release of PCDD/PCDF to air.

Data related to biogas burning was obtained from a survey carried out by the
Practical Action (an NGO). Accordingly, there were about 7800 biogas units installed
island wide (Namiz Musafer, 2015). Almost all of these were small scale units and the
biogas generated was used for cooking purpose. The average capacity of these units
is about 1 m3/day, resulting in an estimated total production of 2.847 million m?
biogas in 2013. Taking the calorific value of biogas as 5000 kcal/m?® (20900 ki/m?),
the energy value of biogas used in 2013 was estimated to be 59.502 TJ. Using the
emission factor for LPG, as there is no emission factor given for biogas cooking, the
estimated emission of PCDD/PCDF from biomass burning is equal to 0.0001 g
TEQ/year.

2. 4. Source Group 4- Mineral Products
2.4.1. Cement Production

There is only one cement clinker manufacturer in Sri Lanka and the activity

rates were directly obtained from the company. A total of 1,007,033 tonnes of
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cement was produced in 2013 in this facility, which is equipped with a good air
pollution control unit consisting of a series of cyclones and bag house filters. As
mentioned in section 2.1.2, this facility co-processed 12,429 tonnes of hazardous
waste in the same year. Considering the air pollution control unit the facility has, an
emission factor of 0.05 ug TEQ/t was assigned to estimate the release of PCDD/PCDF
to air, a total of 0.05 g TEQ/year was released to air due to cement manufacturing in

2013.

2.4.2. Lime Production

Lime production is a small scale industry, mainly concentrated in rural areas
in Sri Lanka. Most of these industries employ traditional lime kilns which use
firewood, especially coconut trunk, as fuel. The traditional lime kiln is a type of
vertical shaft kiln, which is designed to recover heat of exhaust gas for preheating of
limestone, (and inadvertently firewood), and heat of burnt lime is used for
preheating air. However, due to the inadvertent preheating of firewood with flue gas
that mainly contains CO,, a certain amount of pyrolysis products end up in exhaust
gas. There are no air pollution control units available in these kilns, resulting in an

unacceptable level of air pollution in the local area.

According to the Mineral Yearbook 2013, a total of 167,064 tonnes of lime
was produced in 2013. This resulted in 1.671 g TEQ/year of UPOP emission to air.

2.4.3. Brick Production

Brick production in Sri Lanka is a rural industry which mainly uses biomass
waste material such as sawdust and paddy husk as energy source. An estimated 6176
million number of bricks were produced in 2013. Taking the average weight of a brick
as 1.225 kg, the total weight of the bricks produced is 7,565,600 tonnes. Using the
emission factor of 0.02 pg TEQ/t that corresponds to units that burn
uncontaminated wood with no pollution abatement in place, the estimated emission
level to air is 0.151 gTEQ/year, while the amounts associated with products and

residue are 0.045 and 0.015 g TEQ/year, respectively.
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2.4.4. Glass Production

There is a single glass manufacturer that offers the entire moulded range of
glass bottles for the food and beverages, pharmaceuticals and cosmetics and
perfume industries, in Sri Lanka. In 2013, the company manufactured 87,330 tonnes
of glass. The plant has a good dust abatement system and hence an emission factor
of 0.015 pg TEQ/t was used to estimate the PCDD/PCDF emission to air, which

resulted in 0.001 g TEQ/year emission.

2.4.5. Ceramic Production

Ceramic production facilities in the Island vary from large scale exporters,
SME exporters, to cottage based manufacturers. There are about 8 large scale
ceramic product manufacturers in the country (Export Development Board -2013).
Production related data for these companies were obtained by contacting individual
companies. A total of 106,479 tonnes of ceramic products were manufactured in
facilities with good pollution abatement units. This resulted in 0.002 g TEQ emission

of PCDD/PCDF to air.
2.4.6. Asphalt Mixing

Due to rapid infrastructure, including road development projects carried out
during the recent past, the usage of asphalt has been rapidly increasing. According to
the Road Development Authority (RDA), in 2013, a total of about 975 km length of
roads were constructed or rehabilitated. According to the RDA estimates this

requires 494,891 tonnes of asphalt.

As indicated in Table 2.10, in 2013, the asphalt plants of the RDA have
produced a total of 257,453 tonnes asphalt. The rest, 237,438 tonnes, were
produced at plants owned by eight private sector contractors. Most of these plants
have no or poor gas cleaning systems and hence an emission factor of 0.07 pug TEQ/t
was used to estimate UPOP release to air from this activity. Accordingly, an amount

of 0.035 g TEQ/year was estimated to be released to air from asphalt mixing in 2013.
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Plant

Ingiriya

Kotadeni
yawa

Keragala

Karameti
ya
Kothmal
e
Sooriya
wewa
Ambanp
ola
Medawa
chchiya
Polonnar
uwa
Balango
da

Total

Jan

770.6
0
1,655
21
1,493
.05
15,86
2.80

Table 2.10- Asphalt production in 2013

Feb | Mar
3,505 1,95
52 5.00
2,101 | 492.
.55 35
2,361 | 408.
.70 44
3,143 | 498.
.99 33
2,565 186.
.68 22
3,139 | 954.
.00 00
1,417 | 646.
A4 22
1,023 | 102.
.00 50
2,225 | 920.
A1 68
2,781 | 662.
.70 03
24,26 | 6,82
499 | 577

Apr

3,240
14
1,207
.05
2,252
40
1,909
.60
1,552
.26
2,339
.00
827.0
2
1,814
.80
1,063
.52
1,612
.00
17,81
7.79

Source: RDA Annual Report 2013

2.4.7 Oil Shale Pyrolysis.

May | Jun
3,002 | 3,046
.18 44
1,859 | 3,252
.30 .26
2,486 | 3,135
.87 .18

1,410

61 30.26
5412 | 1,568
59 49
1,728 | 6,614
.00 .00
2,115 | 2,955
.58 .03
865.0 | 1,013
4 .93
6,341 | 5,190
.78 74
2,217 | 2,093
.00 .00
27,43 | 28,89
8.95 9.33

Jul Aug
3,241 | 1,892
.83 40
2,086 | 1,409
.65 .30
1,474 | 1,907
.55 .01
626.5 | 4,005
2 13
2,519 | 2,553
67 41
6,042 | 1,505
.52 .69
1,609 | 943.6
.02 1
964.6 | 1,158
7 .64
5312 | 1,493
56 .18
1,467 | 1,840
.00 46
25,34 | 18,70
4.99 8.83

Oct Nov
3,451 | 3,613
.87 .53
2,017 | 4,035
.62 .00
1,380 | 3,062
.34 .85
2,457 | 1,618
40 24
1,380 | 2,155
.34 .39
3,553 | 5,057
.69 74
1,983 | 1,432
.30 .20
1,502 | 273.6
.69 8
5,271 | 2,690
74 49
2,000 | 1,412
.32 .00
24,99 | 25,35
931 | 1.12

Dec | Total
2,14 | 37,12
151 8.05
628. 25,18
17 7.06
1,27 | 2413
4.24 5.57
731. | 19,52
93 4.09
981. | 28,77
16 8.05
883. 35,77
42 2.45
325. | 16,05
45 9.95
743. | 15,53
24 2.18
81.3 | 34,70
8 4.32
436. 20,63
82 2.02
8,22 | 2574
7.32 | 53.74

There are no oil shale pyrolysis facilities available in Sri Lanka. Summary of the total

PCDD/PCDF emission from mineral industry is given in 2.11.

Table 2.11- Total PCDD/PCDF emission from mineral industry

Emission Factor

Total Emission

Industry lefon;)ity (ug TEQ/T)) (g TEQ/year)
Air Product | Residue Air Product | Residue

Cement 1,007,033 | 0.05 ND ND 0.050 ND
Lime 631,288 10 ND ND 1.671 ND
Brick 7,565,600 | 0.02 0.006 0.002 | 0.151 | 0.045 0.015
Glass 87,330 [ 0.015 ND ND 0.001 ND
Ceramics 106,479 | 0.02 ND ND 0.002 ND
f]\:‘is::]ag't 257,453.7 | 0.07 ND ND | 0.035 ND

Total 1.759 0.045 0.015

2.5. Source Group 5- Traffic

Data were obtained from the Department of Motor Traffic on the total

number of vehicles and their fuel type. 4-Stroke vehicles registered after 2008 were
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assumed to be equipped with catalytic converters. In any case, the catalytic
converters’ effectiveness will be diminished after five years, especially with the high

sulphur content in gasoline used in Sri Lanka.

The sales of fuels for the year 2013 were obtained from the annual reports of
the Ceylon Petroleum Corporation and Lanka Indian Oil Company. Only unleaded
petrol is used in Sri Lanka. It was assumed that petrol with octane number higher
than 92 are solely used by vehicles with catalytic converters. The amount of fuel
used by each category of vehicle was estimated based on average fuel economy and
the number of vehicles. The fuel economy values obtained after interviewing
selected vehicle owners are given in Table 2.12. The motor tricycles have a fuel

economy of about 30 km/I, but 25 km/I and were used to reflect the fact that their

running time is much more than other vehicles.

The estimated PCDD/F emission from petrol vehicles is given in Table 2.13.
Accordingly, the highest emission resulted from the 2-stroke motor cycles due to

their high emission factors and the larger share of petrol usage.

Table 2.12: Estimated fuel usage by petrol vehicles

Fuel With Catalytic Without Catalytic
Engine Vehicle Tvpe econom Converter Converter
Type P ¥ Number of | Fueluse | Number of | Fuel use
(km/1) . )
vehicles (tonne) vehicles (tonne)
Motor cars 12 118,756 58,422 359,319 168,692
Motor Tricycle 25 0 794,495 179,039
4-Stroke
. Dual purpose 8 10,312 7,609 91,789 64,640
engines
Lorries 3,353 6,598 16,783 31,517
Total 132,421 72,629 467,891 443,888
2-Stroke | 1 4or cycles 75 2,738,429 | 205,701
engines
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Table 2.13: PCDD/PCDF emission from petrol vehicles

With Catalytic Converter Without Catalytic Converter
Emission Emission Emission Emission
. Fuel use Fuel use
Engine Type (ton) Factor (g (ton) Factor (g
(ug TEQ/t) TEQ/year) (g TEQ/t) TEQ/year)
4-Stroke
engines 72,629 0.001 0.0001 443,888 0.01 0.044
2-Stroke N/A 205,701 2.5 0.514
engines

For the estimation of PCDD/F from diesel vehicles, the fuel amount was
taken as the difference between total sales and the amount used in power
generation. Though there are two types of diesel in the market, the toolkit only
provides a general emission factor for diesel vehicles. Therefore, the diesel and

super diesel amounts were combined to calculate UPOP emissions.

The estimated total diesel used in transportation is 1,650,502 tonnes and
with the emission factor 0.1ug TEQ/t, the estimated PCDD/F emission from diesel
vehicles is 0.165 gTEQ /year.

Consequently, a total of 0.7321 g TEQ/year PCDD/F was estimated to emit

from vehicles in 2013.

2.6. Source Group 6 - Open Burning Processes
2.6.1. Biomass Burning

Compared to the conditions prevailed during the last NIP update, the
biomass burning has reduced significantly. Most of the wastes, such as those from
the rice mills and saw mills are now used in industries as fuel. Further, the practice of
Chena cultivations has almost ceased to exist. Even these quantities are difficult to
estimate due to the non-availability of data and differences in practices by the

farmers. Therefore, a rough estimation of the amounts is carried out as follows.

Although burning of straw is banned and farmers are required to use straw as

supplementary soil conditioner in order to get the fertilizer subsidy, according to a
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survey carried out in the Polonaruwa district, about 50% of the rice straw is burnt at

the field. (Basnakaye et al., 2015).

However, for estimation purposes the percentage burnt is assumed to be only
10 % of the straw generated. Residue to product ratio (RPR) for rice is taken to be
100%. According to Central Bank (2015), the paddy production in 2013 was 4.621
million tonnes. This would result in similar quantity of straw and the estimated

quantity burnt is 462,100 tonnes.

In the case of sugar cane, residue to product ratio (RPR) is taken as 20% while
for maize stalk this figure is 200%. In estimating maize cob waste, RPR was taken as
25%. These figures were obtained through personal communications with the
officials in the Department of Agriculture. Since there are no statistics available, 25 %

of wastes were assumed to be burnt at the fields.

According to the Central Bank economic data for 2013/14, the estimated
sugar cane production is 534,000 t. According to the RPR ratio, this would result in
106,800 tonnes of residue out of which 26,700 tonnes were assumed to be burnt in
the field. With emission factors of 4 and 0.05 pg TEQ/t for releases to air and land

respective releases were estimated to be 0.107 and 0.001 g TEQ/year.

The reported maize production in 2013 is 208,275 tonnes, resulting in
416,550 tonnes of stalk residue and 52,069 tonnes of maize cob waste. Assuming
25% of these waste would be burnt in the fields, the amount of maize waste burnt is
roughly 117,154 tonnes. With 1,155,250 tonnes of rice straw, the total agricultural
wastes burnt, other than sugar cane, is 2,427,655 t/y. Accordingly, the total UPOP
emission from agricultural waste would bel.321 and 0. 123 g TEQ/year to air and

land, respectively.
2.6.2. Forest Fires

The data related to forest fires in 2013 obtained from the Forest Department

of Sri Lanka is indicated in Table 2.14. Accordingly, about 40 ha of forest were
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destroyed by fire and out of them 10 ha can be considered as savannah. Following
the guidelines given in the toolkit, the dry matter burnt was taken as 23 t/ha and 4.2
t/ha for forests and savannah, respectively. This would have resulted in 0.001 g

TEQ/year emission of PCDD/PCDF to air.

Table 2.14- Reported forest fires in 2013

District Damage (ha)
Kegalle 2

Badulla 7.55
Monaragala 30

Total 39.55

Source- Forest Department

2.6.3. Waste Burning and Accidental Fires

2.6.3.1. Fires at waste dumps

The main strategy adopted in dealing with municipal waste is land filling and
open dumping. As described in section 2.9.1, the information obtained from the
Waste Management Support Centre, a total of about 1,294,838tonnes of waste was
collected by the local authorities in 2013. There were 143 composting facilities
operated by the local authorities, which handle an average of 2 tonnes of waste per
day. The estimated total waste ended up as compost in 2013 was about 104,390
tonnes. Therefore, the rest of the waste, about 1,190,448 tonnes, was assumed to

end up in landfills and open dumps.

Intentional and unintentional fires are frequent in these dumps. However,
estimation of the quantity of waste burnt in this way is difficult, and hence, following
the approach taken by the previous inventory, it was assumed that 10% of the total
waste is burnt. Therefore, an estimated 119,044 tonnes of waste were burnt at dump
sites. Using emission factors 300 pg TEQ/t and 10 pg TEQ/t to calculate the

PCDD/PCDF released to air and land, it was estimated that a total of 35.713 g
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TEQ/year and 1,190 g TEQ/year of PCDD/PCDF were released along with other

UPOPs and a wide range of other pollutants to these media, respectively.

2.6.3.2. Open burning of domestic waste

Open burning of household wastes, though it is banned by regulations, is a
common practice in rural and sub urban areas where there are no proper waste
management services available. This is being practised even in urban areas
significantly especially as a means of disposal of dry leaves. The practice has probably
been enhanced due to the tendency of people to use waste burning as a mosquito
repellent mechanism.

According to a survey carried out by the Department of Census and Statistics,
wastes generated by 46.9% of the household are burnt by the occupants. Majority of
these households are in areas where local authorities do not provide waste
collection facilities. Since the waste generation depends on income level and
lifestyle, households in these areas have a much lower per capita waste generation
than the households situated in municipal and urban council areas. However, most
of the rural and sub-urban households have a garden and the wastes generated in
the garden are also combined with the other household wastes before burning.

According to a survey carried out by Wijerathna et al., (2013), the per capita
waste generation rates for High, Middle, Low levels in areas where local authorities
provide the waste collection services, are respectively 0.44, 0.31, 0.27, while Non-
Collection areas had a per capita waste generation of 0.55 kg per person per day. As
indicated in Table 2.15, the increased per capita waste generation rate in the Non-
Collection area is due to high amount of garden wastes, which is about 26% of the
total, compared to 1.6% for High income level households.

Taking the total population in Sri Lanka in 2013 as 20.483 million (Department
of Census and Statistics (2014), 46.9% of the population was calculated to be 9.6065
million. If the per capita waste generation rate 0.55 kg/day is taken as a
representative figure, the total waste burnt in 2013 was estimated to be 1,928,510

tonnes. If one assumes that most part of garden wastes, some kitchen wastes, and
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other combustible materials in residential wastes are burnt, the percentage of waste
burnt would be about 20%.

As such, the total waste burnt at household level could be estimated as 385,702
tonnes. Compared with 2002 estimated figure of 44,000 tonnes, this is a much higher
value. Using the emission factors given in the toolkit, the estimated release of UPOP
to air and to land from burning of domestic waste was 15 g TEQ/year and 0.386 g
TEQ/year, respectively.

Table 2.15- Residential Waste Composition

Residential Waste (%)
Waste Type High Income Middle Income Low Income Non-Collection

Level Level Level Area
Kitchen 87.8 84.6 87.1 61.5
Garden 1.6 4.7 3.1 26.3
Paper &
Cardboard 41 4.3 2.6 1.1
Plastic 3.2 3.5 3.5 2.8
Textile 0.4 1.1 1.0 0.4
Rubber & Leather 0.1 0.2 0.5 0.2
Metal 0.6 0.4 0.5 0.8
Glass 1.4 0.5 0.8 1.2
Ceramics 0.0 0.0 0.0 0.2
Hazardous 0.4 0.1 0.1 0.5
E Wastes 0.0 0.1 0.1 4.9
Miscellaneous 0.5 0.4 0.6 0.3

(Source - Wijerathna et al., (2013),

Since the 2002 estimate was an assumption, the value is corrected as follows.
The total daily collection of wastes in 2002 was 2838 tonnes and this amount rose to
3542 tonnes in 2013, which is a 1.25 fold increase. Therefore, waste burnt in 2002
was taken as 1.25 times less than the amount burnt in 2013, yielding a quantity of
308,561 tonnes as burnt waste in 2002. The updated UPOP emission from waste
burning in 2002 to air and land are 12.342 and 0.309 g TEQ/year, respectively.

It should be noted that the calculated quantity of agricultural wastes closely
tally with the cultivation area based calculation results suggested in the Toolkit guide
book. Given in Table 2.16 are the release of PCDD/PCDF from different sources of
open burning. Table 2.16: Summary of PCDD/PCDF emission from open burning

processes
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Table 2.16 — Summery of PCDD/ PCDF emission from open burning processes

Release (g TEQ/a)
Source
Air Land
Biomass burning 1.321 | 0.123
Fires at waste dumps 35.713 | 1.190
Open burning of domestic waste 12.342 | 0.209
Total 49.376 | 1.622

2.7. Source Group 7- Production and Use of Chemicals and Consumer
Goods

Activity rates for these categories were also obtained from records provided
by individual manufacturers to the CEA under Environmental Protection License
(EPL) Scheme. Selected manufacturing sites among them were contacted to check

the validity of data.

However, some manufacturers had not provided data in the EPL application
and they were contacted to gather data through questionnaires. Activity rates of
manufacturing facilities located in the Board of Investment (BOI) zones were

obtained from the BOI records.

In cases where the technology of production and other information required
to assign the emission factors are not available in EPL files, the manufacturers were

contacted to obtain required information.
2.7.1. Pulp and Paper Production

There were no virgin pulp production facilities running during the year 2013.
However, a recycled paper pulp processing facility located in a BOI zone processed
3,480 tonnes of pulp. This resulted in 0.01 g TEQ/year release of PCDD/PCDF to

products.
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2.7.2. Chlorinated Chemicals

Among the list of chemical products given in the toolkit among this category,
only TiO, production is taken place in Sri Lanka. About 24 tonnes of TiO2 has been
produced in low end technology facilities resulting in 0.001 g TEQ/year emission of
PCDD/PCDF to residues.

In addition the potential of the presence of PCDD/PCDF in pesticides
formerly or current has been assessed in the Sri Lanka pesticide inventory but nor
specifically quantified (see there for details). Pesticides/biocides formerly or
currently used containing PCDD/PCDF are listed in table 2.17. Currently from mayor
pesticides containing PCDD/PCDF only triclosan is used. The use amount (e.g. in
soap, toothpaste, detergents and cleaners) is not known and therefore the

PCDD/PCDF amount could not be estimated.

Table 1.17: List of pesticides with unintentional POPs contamination (historically)
used in Sri Lanka®

Pesticide Use History Date of Ban
Quintozene Morut® 70% PCNB (+10% fenaminosulf) EC De-registered in
(82—68-8) Terrachlor® 75% WP . 01 June, 1990°

As a soil fungicide used in vegetable nurseries
Shell® Colar Protectant

2,4-D Hedonal® D 55%", Bi-Hedonal® SL 70%™ Withdrawn in
2006

2,4,5-T - De-registered in
1984

Pentachlorophenol  Santobrite®, Rencit® VI, Popton® 44, Corium®,  De-registered in
(PCP)(87-86-5) MMA® Tar, MMB® Tar Emulsifiable Concentrate 1994

(EC) formulation containing 36% wi/v, Candarsan®

(Paste) — 0.035% w/w, Mason’s® Collar Protectant

(Paste) — 2.0% w/w.

Triclosan - No data
[(5chloro2(2,4dichl available
orophenoxy)pheno]

* withdrawn in 2001
*the last quantity of 1,600 kg Technical 2,4-D was imported before 2005 for the
formulation of Bi-Hedonal® SL 70%

'Pesticides listed in UNEP Toolkit Table 111 2.2, UNEP (2013)
“Directive of the Pesticides Technical and Advisory Committee No. 35 of 1989
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The amount of other chemicals like pigments and dyes or secondary HCI are
not known. Also the amount of secondary produced ZnO or CuSO4 known to contain

PCDD/PCDF partly used in animal feed are not known.

This needs more in depth inventory analysis including measurements to
understand the level of contamination in the chemicals in the areas where these
chemicals have been applied (see contaminated site below) and the associated risk

for human exposure.
2.7.3. Petroleum Production

There is only one petroleum refinery running in Sri Lanka. Data required to
estimate emissions were obtained from the refinery. Accordingly, fuel equivalent to
3,287 Te J has been burnt in the flare in 2013. This resulted in 0.001 g TEQ/year
emission of PCDD/PCDF to air. The catalytic reforming unit has processed 166,563
tonnes of fuel resulting 0.003 g TEQ/year emission of PCDD/PCDF to air. A total
0f125,000 m?wastewater was treated in the facility that would result in 0.001 g
TEQ/year release of PCDD/PCDF to water.

2.7.4 Textile Production

Textile and apparel is a major industry in Sri Lanka earning about USS 4.26
billion of foreign exchange in 2013. Sri Lanka's apparel industry accounts for 60
percent and 40 percent in industrial exports and total exports respectively in Sri
Lanka. According to EPL and BOI records, 173 tonnes of textiles were dyed in plants
with low end technology, while mid-range technology plants processed about

13,624 tonnes of textiles.

Some of these plants may have high-level technology adopted, but due to
the difficulty of gathering data, it was assumed that all plants- except those known
to have low end technologies- to have mid level technologies. This would result in a

small overestimation of emission level, but that would not affect the decision
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making process related to UPOP control. The total estimated release of PCDD/PCDF
to water in 2013 is 0.02 g TEQ/year.

2.7.5. Leather Refining

According to Sri Lanka the Export Development Board, about 8,400 tonnes of
leather is processed in Sri Lanka. This production mainly comes from eleven large
tanneries,. There are many small scale units too in the business. (EDB, 2015-

http://www.srilankabusiness.com/footwear-and-leather/raw-material-base.html).

These facilities have mid-level technology resulting 0.084 g TEQ of PCDD/PCDF
release to products, while about 87 tonnes of leather were produced in facilities
with low level technology. This would result in additional 0.087 g TEQ/a of
PCDD/PCDF release to products. These figures highlight the importance of

employing improved technology in small scale tanneries.

2.8. Source Group 8- Miscellaneous
2.8.1. Drying of Biomass

Drying of woody or herbaceous biomass, e.g. wood chips or green fodder
should be considered under this category. Though the use of biomass as a fuel in
industrial application has gone up, not many of these facilities do the drying of

biomass prior to use. Therefore, this category was not investigated.

2.8.2. Crematoria

Data obtained from local authorities indicated that a total number of 11,001
cremations have been done in 2013 in facilities having medium level of pollution

control. This has resulted in a total of 0.028 g TEQ/a of PCDD/PCDF release to air.

2.8.3. Smoke Houses

There are not many smoke houses in Sri Lanka intended for producing
smoked meat or fish. However, industries such as coconut and rubber use smoke
houses for making copra and rubber sheets, respectively. In addition, tobacco leaves

are also subjected to smoke drying.
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The previous inventory has considered these activities under category of
power generation and heating biomass units and has allocated an emission factor of
500 pg TEQ/TJ. However, the emission factor given in the toolkit for class 2 - clean
biomass fired smoke houses is 6 ug TEQ/TJ. Therefore, the approach taken by the

developers of the previous inventory resulted in an overestimation.

The present inventory would rectify this and the 2002 baseline inventory
would also be updated accordingly. The amount of fire wood used by the coconut
industry for copra making and rubber industry was completely allocated to this
category. According to the data obtained from the Sri Lanka Energy Balance 2013,
the amounts of fire wood consumption in copra production and rubber industry are
400 t and 68,400 t, respectively. The respective emissions of PCDD/PCDF to air and

residue due to the smoking of copra and rubber is 0.041 and 1.376 g TEQ/year

The total fire wood consumed by all industries is reported as 4,139,250 t.
Therefore, total fire wood consumption by industries other than rubber and copra
manufacturing is 4,070,450 tonnes. This amount was considered to be used as fuel
for boilers and other heating process, and considered in the toolkit under the group
3, category b, class 1 biomass boilers, where the emission factor to air is 500 pug

TEQ/TJ.

2.8.4 Dry Cleaning

Dry cleaning of textiles using organic solvent transfers the POPs in textiles to
the solvents. When the solvents are distilled for the purpose of reusing, the POPs will
remain in the distillation residues that would ultimately end up in landfills. The main
solvent used in dry cleaning is tetrachloroethylene (perchloroethylene). According to
the records obtained from the Customs, the total import of tetrachloroethylene in
2013 was 67.266tonnes. It has been observed that about 30% of the solvent used in
dry cleaning ends up in distillation residue. Therefore, the estimated residue
generated in 2013 was about 20.2 tonnes. The textiles that undergo dry cleaning in

Sri Lanka can be considered as uncontaminated and hence an emission factor given

29



Updated inventory of Dioxins & Furans in Sri Lanka - 2015

in toolkit under normal textile 50 ug TEQ per tonne of residue was used. The

estimated release of UPOP from this activity was estimated to be 0.001 g TEQ/year.

2.8.5. Tobacco Smoking

Though the smoking population is in gradual decline, 21 % of male
population and 0.8 % of female population are still in the habit of smoking. The
frequent price increase of cigarettes by the government has led to the decrease in
volume of sale, but this has been compensated by the increasing consumption of
‘beedi’, which is a small brown cigar having a mass of about Y%of a cigarette.
According to the statistics, the volumes of beedi consumed have risen from 1.1
billion sticks in 2007 to 3.2 billion sticks in 2013, a growth of almost 200 per cent

over the past six years (The Sunday Times, July 27, 2014).

According to the information obtained from the Ceylon Tobacco Co. Ltd., who
has the monopoly on the total production of cigarettes, in 2013 the total production
was 4034.59 million sticks. Data provided by the customs revealed that 26.7675
million sticks of cigarettes and 0.5625 million sticks of cigars were imported.
Accordingly a total of 0.0005 gTEQ/year PCDD/PCDF was released to air due to

tobacco smoking while a similar quantity ended up in residue.

2.9 Source Category 9 — Waste Disposal / Landfill

The thermal waste disposal methods were considered under section 2.1
where there is a very low amount of activities taken place in Sri Lanka. When it
comes to municipal waste disposal, land filling and open dumping are the main
means of dealing with the issue. This section covers the PCDD/PCDF emission

estimates from these activities.
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2.9.1 Landfills, Waste Dumps and Landfill Mining

According to information obtained from the Waste Management Support
Centre, a total of about 1,294,838 tonnes of waste was collected by the local
authorities in 2013. The daily collection of waste by local authorities in different

districts are shown in Figure 2.1
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Figure 2.1- Daily MSW collection in different districts

As indicated in section 2.6.2.1, about 1,190,448 tonnes MSW end up in
landfills and open dumps. This would result in 0.060 g TEQ/year and 5.952 g
TEQ/year release of PCDD/PCDF to water and residue, respectively.

2.9.2 Sewage/Sewage Treatment

Sri Lanka is yet to have municipal level sewage treatment plants. Several
municipal councils practice the off shore discharge of sewage. However, reliable

data on the quantities is not available.
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2.9.3 Open Water Dumping

There were no reliable data to establish this category and will be included in
the implementation plan.

2.9.4 Composting

As discussed in section 2.6.2.1, about 104,390 tonnes of compost are
produced by facilities maintained by the local authorities. In addition, small scale
domestic composting units make compost, but this figure could not be estimated.
Further, the survey carried out by the sociological expert indicates that composting is
not a widely practiced option. According to the estimations this would result in 5.22

gTEQ/year of PCDD/PCDF in compost.

2.10. Contaminated Sites and Hotspots

During the inventory development the presence of Dioxin/UPOPs
contaminated sites have not been assessed. However, since the largest amount of
Dioxin present today are from historic releases and have accumulated due to their
persistence in soils and sediments, the assessment of Dioxin/UPOPs contaminated

sites is suggested as a task in the action plan.

Preliminary considerations on Dioxin/UPOPs contaminated sites based on
experience from other countries suggest that following areas could be potentially

contaminated;

e Areas with impact from long term industrial releases from metal industries or
incinerators or from disposal of solid residues such as fly ashes or other

residues from flue gas cleaning.

e Hospital waste burning sites, especially where the practice of open burning

or pit burning is employed

e Potentially PCB contaminated sites can also be considered PCDD/F

contaminated as PCDF are present in PCB and can be formed from PCB.
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e (Historic) application sites of Dioxin/UPOPs containing pesticides and
chemicals: This include chlorinated phenol derived pesticides such as 2,4-
Dichlorophenoxy acetic acid (2,4-D), 2,4,5-T, Pentachlorophenol (PCP). Also

pesticides containing HCB or PeCBz such as PCNB/quintocene and other.
e Timber manufacture and treatment sites where PCP has been used:

e Textile factories where chloranil, PCP or other (production site, sediment of

waste water release and sites of waste disposal)

e Leather factories where PCP have been used (production site, sediment of

waste water release and sites of waste disposal):.
e Sites where waste is and have been burned in the open for extended time.
e Sites of major fire accidents:

e Sites where copper cables and other electronic waste are or have been

burned in the open.
e Dredging of sediments; contaminated flood plain:

e Dumps of wastes/residues from Source Groups 1-9: (e.g. sites where ashes
from incinerators are disposed; Sites where ashes from metal industry

were/are disposed).

2.11 Summary and Comparison with the Baseline Inventory

Table 2.18 gives the overall summary of the UPOP inventory for the year
2013. Accordingly, the highest contribution for UPOP emission came from the
source category of waste incineration, where burning of healthcare waste was the
major contributing factor. The second highest contribution came from the open
burning process that comprised household and agricultural waste burning. The heat

and power generation was the third highest emission group.
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Table 2.18- Summary of UPOP inventory 2013

Annual Releases (g TEQ/a)
Source Groups

Air Water | Land | Product | Residue
Waste Incineration 58.5 NA NA NA 18.6
Ferrous and Non-Ferrous Metal Production 1.9 NA NA NA 5.1
Heat and Power Generation 28.6 0.0 NA NA 2.6
Production of Mineral Products 1.9 ND NA NA NA
Transportation 0.7 NA NA NA NA
Open Burning Processes 49.4 ND 1.6 NA NA
Production of Chemicals and Consumer
Goods ND ND ND 0.2 ND
Miscellaneous 0.152 NA NA NA 14
Disposal 0.0 0.1 NA 5.2 6.0
Identification of Potential Hot-Spots ND ND ND ND ND
Total 141.3 0.1 1.6 5.5 33.7
Grand Total 182(g TEQ/a)

As indicated in Table 2.19, the baseline inventory of UPOP carried out in 2002
was updated according to the new emission factors given in 2013 UNEP toolkit so
that direct comparison could be made. Most of the deviations in the re-estimated
emission values are due to the changes in emission factors in the new toolkit.

Notable difference is in the recalculated emission levels of open burning process.

The re-estimated release of PCDD/F to air was reduced to 51 from the 2002
estimate of 121 g TEQ/a. This was due to the reason that the 2002 estimation had
assumed an emission factor of 30 ug TEQ/t of agricultural waste burnt, which
corresponded to the conditions of impacted and poor burning conditions. However,
the 2013 inventory assumes that the residues are not impacted and hence an
emission factor of 0.5 pg TEQ/t was used, which can be justifiable as most of the
agricultural activities occur in dry zone of Sri Lanka and residues are very dry when

they are burnt. Therefore, 2002 figures were recalculated using this emission factor.
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Table 2.19- Recalculated emission levels in 2002

Annual Releases (g TEQ/a)

Group | Source Groups
Air Water | Land | Product | Residue
1 Waste Incineration 20.3 0.0 NA NA 14
2 Ferrous and Non-Ferrous Metal 5.2 ND NA NA 50.6
Production
3 Heat and Power Generation 13.3 ND ND NA 2.7
4 Production of Mineral Products 0.9 NA ND ND 0.0
5 Transportation 0.5 NA NA NA 0.0
6 Open Burning Processes 42.0 NA 4.3 0.0 0.0
7 Production of Chemicals and ND ND ND 0.5 0.0
Consumer Goods
8 Miscellaneous 2.4 ND ND ND 0.1
9 Disposal ND 0.1 ND 5.2 6.0
10 Identification of Potential Hot-Spots ND ND
1-10 Total 84.6 0.1 4.3 5.7 60.8
Grand Total 153(g TEQ/a)

Compared to 2002 values, the PCDD/F released from metal production is

considerably less. This is mainly due to reduction in copper products in 2013 due to

the gradual phasing out of scrap copper industry in Sri Lanka. Further, the emission

due to waste incineration in 2013 is very high mainly due to increased health care

waste incineration under poor combustion conditions.
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3.RECOMMENDATIONS

3.1 Waste Management:

The largest contributor to PCDD/F and other UPOPs emission is waste burning
which includes incineration of healthcare wastes, deliberate or inadvertent burning
of waste in dump yards and at household level. The estimated emission of UPOPs
due to the incineration of healthcare waste generated in government facilities alone
resulted in UPOP emission of 54.3 g TEQ/year. This is mainly due to the rudimentary

nature of incinerators used in these facilities.

UPOP emission to air from fires in dump yards and open burning are 35.7 and
15.4 g TEQ/year, respectively. Inappropriate waste management at household and
local authority level has led to several other environmental and health issues such as

contamination of water bodies and spread of diseases.

Recommendations

a. Implementation of integrated waste management systems (Based on Waste
Management Hierarchy) at national, regional and local authority level that includes
programmes to avoid and reduce the amount of waste at generation points; waste
segregation and recycling; production of biogas and composts; and recover and
recycle as appropriate; and disposal of remaining wastes only in engineered sanitary

landfills.

Implementation authority — Ministry of Environment, Ministry of local
authorities, National Waste Management Support Centre, Western Province

Waste Management Authority
Time Frame- 2 to 5 years

b. Introducing integrated waste management/disposal methods for healthcare
facilities. This could be sterilization and disposal or burning in properly designed

incinerators. At least at the initial stage, several incinerators can be constructed at
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regional level that would cater for several healthcare facilities in the area. The

proper maintenance of incinerators should be ensured. Any solutions provided

should address the liquid waste generation as well.

C.

Implementation Agencies — Ministry of Mahaweli Development &
Environment, Ministry of Health, Nutrition & Indigenous Medicine, National
Solid Waste Management Support Centre, Western Province Waste

Management Authority
Time Frame- 2 to 5 years

Carrying out a rigorous awareness campaign targeting local authority officials

and general public, highlighting the adverse effects of burning of wastes and

introducing better waste management practices. Targeting school children could be

an effective way to communicate the message.

d.

Implementation Agencies — Ministry of Mahaweli Development &
Environment, Ministry of Health, Nutrition & Indigenous Medicine, Ministry
of Education, Ministry of Local Governments and Provincial Authorities,
Central Environmental Authority, Provincial Environmental Authorities,
National Solid Waste Management Support Centre, Western Province Waste

Management Authority
Time Frame- 1 to 5 years
Budgetary Requirements— USS 0.5 million

Strict enforcement of ban on open burning of industrial wastes. Consider the

possibility of extending the ban on to domestic plastic wastes and burning of waste

in urban areas where there is a waste collection system by local authorities. At least

try to implement this in urban areas where air pollution is already a serious problem.

Implementation Agencies — Ministry of Mahaweli Development &
Environment, Ministry of Local Governments and Provincial Councils, Central

Environmental Authority, Provincial Environmental Authorities, Board of
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e.

included.

Investment, National Waste Solid Management Support Centre, Western

Province Waste Management Authority
Time Frame- 0 to 2 years

Budgetary Requirements— USS 0.2 million

Streamlining the industrial waste management. The following activities to be

Development/improvement of a waste catalogue (e.g. assess EU waste

catalogue) to categorize the waste present in Sri Lanka.

Implementation Agencies — Ministry of Mahaweli Development &
Environment, Central Environmental Authority, Provincial Environmental
Authorities, Board of Investment, National Solid Waste Management

Support Centre, Western Province Waste Management Authority
Time Frame- 0 to 3 years
Budgetary Requirements— USS 10,000

Introduction of industrial waste management systems based on the waste
management hierarchy. Due attention to be paid to the residues, such as

ash, generated from industrial and waste management activities

Strengthening the scheduled waste management unit of the CEA. The unit
must be capable of inspecting the practice of hazardous waste generators
and keep records of the amount of waste generated by the licensees. Of
hazardous wastes generated in industries, including ashes from

incinerators and metal industries. (1-3 y, 0.5 million US).

iv. Incorporating informal recycling sector into formal scheme. In some parts

of the country, certain groups of individuals involve in recovery of
materials from waste such as tyre and electronics by burning and melting

them in a very primitive way that will result in not only the emission of
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POPs, but other harmful compounds such as heavy metals and
carcinogens. Initially the services of Medical Officers of Health (MOH) and
Public Health Inspectors (PHI) of the Ministry of Health should be obtained
to streamline this process. Public Health Inspectors need to identify the
recyclers and malpractices. Public Health staff has an important role in
awareness raising activities. The Directorate of Environmental and
Occupational Health of the Ministry of Health should monitor and review

these activities at District and Provincial levels on a regular basis.

Implementation Agencies — Ministry of Mahaweli Development &
Environment, Ministry of Health, Nutrition & Indigenous Medicine, Central
Environmental Authority, Provincial Environmental Authorities, National
Solid Waste Management Support Centre, Western Province Waste

Management Authority
Time Frame- 1 to 4 years

Budgetary Requirements— USS 0.5 million

3.2 BAT/BEP for Reduction of Emissions from Industrial Processes

Emissions from industrial processes, though not very significant at present
due to the fewer number of industries in Sri Lanka, is a category of sources that
would grow as more and more industries are set up with the economic
development. The UPOP emission levels from industries depend on the process
technology, and more importantly, on the air pollution control systems used.
Therefore, it is important to ensure that the existing facilities use proper air
pollution controlling units and that the industries coming up in the future would use
best available technologies in the process as well as appropriate air pollution control

units.
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Recommendations:

a.

Establishment of an information clearinghouse for transferring the best
available technologies for industries. This role can be assigned to the Central
Environmental Authority to make an arrangement similar to the USEPA .
Combine this with other issues like pollution control etc.,( CEA, PEA, MOE,
ITI, UNI (0-5 year, 2 million US)

Apply BAT/BEP for industries (Stockholm only for new Annex Il & Ill facilities).
Consider integrated pollution prevention and control approach (e.g. EU BAT
Reference documents http://eippcb.jrc.ec.europa.eu/reference/). (MOE, 3-

10 year)

Enforcement of the proposed emission standards, preferably with the
inclusion of measures to curb UPOP emission. The proposed standard has
already addressed dioxin and furan emission from incinerators by defining
the minimum operational parameters such as temperature and residence
time. This approach can be extended to other selected installations that are

known to emit considerable amount of POPs. (1-3 year)

Assess the suitability of EPL to include POP related issues and address any

changes required. (CEA, PEA, 1-3)

3.3. Measurement Standards and Monitoring Facility for POPs

Sri Lanka does not have facilities to measure POPs and hence there are no

country-specific data on POPs except for some measurements in cooperation

with other countries. For unintentional POPs no data are available in Sri Lanka

and therefore the estimations are only based on generic emission factors which

may not reflect the situation prevailing in Sri Lanka.

There has been minimal amount of research carried out in Sri Lanka on levels of

UPOP and their health and economic impacts. This is mainly due to the

unavailability of measuring facilities and expertise in this area.
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Recommendations:

a. Evaluation of appropriateness of current emission standards from UPOPs

sources (1-2) (CEA)

b. Establishment of facilities in Sri Lanka for sampling and analysing POPs
(Including health impact) and other air pollutants after consulting
stakeholders and formulating mechanism for use and maintenance . This
can be linked to the implementation of proposed emission standards.
One of the hurdles in implementing the emission standard would be the
unavailability or lack of resources for monitoring some of the regulated
pollutants. Therefore, improvement of facilities ( MoE, MoH, ITI, RoP) (10
million US)

c. Encourage the multi-disciplinary research related to UPOP by making
available dedicated funds for research in this area. (2-5y) ( NRC, NSF) (1
million US)

3.4 Assessment of Dioxin/UPOP in chemicals (including chemicals in food and feed)

Currently the amount of Dioxin/UPOPs in relevant and suspected chemicals
(triclosan, certain pigments and dyes but also certain food and feed additives) are
not known. In particular food and feed additives (e.g. ZnO or CuSQ,) are not known
for their pollution level.

Recommendations:

a. Due to the high exposure relevance the current amount used in Sri Lanka e.g.
for livestock and the contamination level need to be assessed.(Ministry of
Health and other institutes responsible for food safety) (0-2 year, 10,000
USs)
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3.5 Management of National Data (including contaminated site assessment)

One of the challenges in developing the POP inventory is accessing data,
especially data related to specific industries. In addition, data on waste volumes and
types of waste could not be explored due to the lack of a database on hazardous
waste and detailed categorisation of wastes. Availability of data and accessibility to
them are important aspects in information based national level decision making
process. Moreover, an appropriate categorisation of waste is important. It was
evident that even the collected data is not analysed to extract necessary information

for decision making.

Recommendations for activity

a. Streamlining of national data collection and management. The existing
registration and data gathering mechanisms such as EPL, VET, NSWMSC, and
Schedule Waste Licensing Scheme already provides certain information.
These schemes can be coordinated and streamlined to generate nationally

important data. (1-2) 50,000 US

b. Evaluate the option and challenges to develop a Pollutant Release and
Transfer Registers (PRTR) as a frame of the overall emission inventory and
related development. Find the synergies among the activities related to POP,
CAPP, CWC, Basel etc,. Establishment of a mechanism to release data for

research purpose. (National Chemical Management System)

c. Include potential UPOPs contaminated sites in a national database of

contaminated sites. (Combine with other relevant sites)

d. Census activities to consider data requirements for issues related to POP etc.,

and also to speed up the results of census (2- 3 years)
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