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Background

» Coalcombustioprovidedhe largestsourceof energyto South
AfricaManyhouseholdsurncoalforneatin@ndcookingurposes

» Dueto Southfrica’s relianc@ncoalasa primargnergysourcean
Increasein Hg emissionsseemsinevitableunlessbettercontrol
measureareappliecrmorerenewablenergyourcesreused

« SouthAfrica’s emissiongvasestimatedo contributaboutl 8% of
globalHg emission§l5907 tonnes)followinghina(Pacynaet al,
20032006.

* SouthAfricarelease@567 tonneofHgto theatmosphem@uring2000Q with

mostHg emissionsriginatinfromindustryproductiofgold) and stationary

combustioftoakcombustion)
0
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Background

* Thepublishedssessmentgnalletheneedora criticaévaluatioaf
themajolanthropogensource®fHgin SouthAfrica

* Informatioon actualHg emissioitmeasurements Hg in products
andresourcearepoorlyunderstooith SoutlAfrica

AA South African Mercury Assessment (SAMA) Programme was
established: A co-ordinated attempt towards assessing Hg levels in a
systematic approach in the country by Government, academia, research
councils and key industries recently initiated a (Leaner et al., 2006).

APreliminary results of a Hg inventory and that of some Hg monitoring
undertaken at Cape P o i rGtoldasAtmospheric Water Station (Baker et
al., 2002) in South Africa provided some information towards refining
the published Hg emission estimates. "
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Current Situation: Sources
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Vaal Triangle Air-shed Priority Area
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Highveld Priority Area

PowerStations
A Coal Fired (Base Load)
/\, Coal Fired (Mothballed)
_ Gas Turbine
. Nuclear
D Pumped Storage
—— Rivers

I Highveld National Priority Area
I vaal Triangle Air-shed Priority Area

Port Shepstone

Port Elizabeth

our future through science

'Auglhas



Coal Consumption in South Africa (DME, 2004)
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Coal: Mine, Control Devices/Factors, Consumption

Emission

Reduction Coal

Power Plant Coal mine Emission Consumption

Control Device Factor (Mtonnes/yr)

(UNEP, 2005) y

Arnot Arnot FF (Eskom, 2006) 0.5 6.0
Duvha Middleburg FGD(Eskom, 2001) 0.5 8.4
Hendrina Optimum FF(Bateman, 1998) 0.5 6.5
Kendal Khutala ESP + FGD (Eskom, 2001) 0.5 15.1
Kriel Kriel ESP + FGD (Eskom, 2001) 0.5 11.1
Lethabo New Vaal ESP + FGD (Eskom, 2002) 0.5 173
Majuba Various FF (Bateman, 1998) 0.5 10.0
Matimba Grootgeluk CSESP 0.1 17.4
Matla Matla ESP + FGD (Eskom, 2001) 0.5 15.5
Tutuka New Denmark CSESP 0.1 4.9
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Total Product Consumed / Produced by Major Industries

during 2004

Product Consumed Total Product Consumed

Source Category / Produced / Produced
(Mtonnes / year) (Mtonnes / year)

Coal-fired Power Plants 112.20
Coal Gasification 41.02
Consumer Products 27.33
Solid Waste (Landfills) 20.00
Crude Oil Refining 18.10
Ferrous Metals: Iron and Steel: 13.62

- Coke Production / Alloy Steel 7.62

- Pig Iron 6.00
Residential Heating 5.00
Cement Production 1.95
Non-Ferrous Metals: Primary Metals: 0.63

- Gold 0.0003

- Zinc 0.24

- Copper 0.35

- Lead 0.04
Incineration 0.03
Total 239.88 0
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Total Hg Emissions by Major Industries during 2004

12

| Total Hg emissions: 20 tonnes
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Coal Combustion: Power Plants

Estimatef.75tonnesof Hgwasemittedromcoalfiredpoweplantduring2004

Hgemissiorstimatbasedn
* controldevices electrostatiprecipitatorsfabric filters to fluegas desulphurization
method¢Batemari, 998 Eskom2001and20069;
« correspondiranissiodistributiofactor40.5- 0.9, UNEP200Y;
« averageHg levelof 0.15pmfor Highveldoalsin Mpumalangg&rovinc€Wagneand
Hlatsway@00%; and
« amounbfcoalconsumelyEskon{l12Mtonnes)

Note Highvel@oalfielts thesecondargestoalfieldforcoalproductiom RSA

Hg emissionare substantiallypigherthanall othersectorsparticularlgthercoalcombustion
processefg. residentidleatingironandsteebrocessing)

WithSouthAfrica’s increasinglemandor energythe commissioniraf newcoalfiredpower

plantsandthe demothballingf existingoalfiredpowemplantg MRA 2003, Hgemissionto
theenvironmemtillinevitablincreaseverthenextdecade
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Coal Combustion: Gasification

Sasolconvertdowgradecoal into petroleunproductqIEA,2007: via the Fischer
Tropsciprocess$o producabouB® of RSAdiquiduelrequiremen{¥anDyketal,
2009

EstimatethatSasol's procesproducecboutl.88 tonnesof Hg (air+ waste)uring
2004

- amounbfcoalconsume@ 12 Mtonnes/ o gasified 30% processteant electricity),
- 0.15pmofHgin coal(WagneandHIlatsway@009,
- fabridiltercontrotlevicesn thecoalfiredpoweplantg0.5 emissiodistributiofactor,)

If muchHgis trappedthenemissionsvouldoe substantiallpwer ~ 0.18 tonnesHg
wouldbe releasedo the atmospherég one wereto assumehatabout90» of the
estimated.88tonne®fHgistrappediuringoalgasification
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Ferrous Metal Production: Iron and Steel

Majoisourceof Hgemissiongomthisactivitys fromcokeproductio(Pacyna&tal, 2009. Small
amounbfcoalisusedntheironandsteeindustryn SouthAfrica

Cokg3309 andSteeProductiohScrasmeltingo 6% estimatetb emit~1.0 tonnesof Hg
- combustioof~ 7.62Mtonnesfcoal

- 0.15ppmHgin coal(WagneandHlatsway @005

- emissiodistributiofactor€0.9, UNER2005

Pigironproductioastimatetb emit~0.29tonnesof Hg
-productioaf6 Mtonnesfcoal

- 0.15pmHgincoal(WagneandHlatsway@000

- emissiodistributiofactor40.95 UNER2005

TheestimatetigemissionaremuchhighethanHgemissioneeportedorthe Africarcontinent
in2000(0.4 tonnesPacynaetal, 2006.

SouthAfricais experiencinigpdustriafirowthparticularlyn this sectorof the economyndHg
emissionBomthissourcareexpectetbincrease a
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Coal Combustion: Residential Heating

Informasettiementandruralareahouseholds SouthAfricausecoalforheatingand
cookingSpaldingrecheandMatibe2003.

Residenti@leatingstimatetbemit~0.75tonnesof Hg

- combustioof~5 Mtonnesfcoalduring2004DME2005

- noemissiogontrotievice$l),

- 0.15ppmHgininHighveldoal(\WagneandHlatsway@005.

Sinceabou®®6 of Hgemittedromthissources gaseousid andH@+ (Pacynatal,
2003, individualouldbedirecthexposedo aboun.66tonneofHgduringheatingr
cookingntheirhomes

Increasetigemissiong;oncomitantithanincreasen coalburningvilloccurduring
wintersimilatowhathasbeemnreporteth Ching\Wangetal, 2006.
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Crude Oil Refining

SouthAfricas nota majoril producehuthasthesecondargesbilrefiningapacityn
Africafollowinggypt{EIA2007.

Mercunlevelsn crudenilsvarysubstantiallependingnitsorigin
>80%of SouthAfrica’s crudepilisimporteffomtheMiddldast(IranandSaudArabia
EIA 2007, Hgemissiongsonthissourcavouldhotvarymuch

Crudeilrefiningmitted0.16tonnesof Hg

- RSAoilrefinerieprocessedpproximately8Mtonnesfcrudeoil(DME200%);
- TotaHgin crudeoilusednrefininggrocesslOmg/tonn@JNER2005;

- Emissiodistributiofacto0.9; UNER200Y.

AsSouthAfrica’s oilconsumptidmasincreasedteadilyluringl986- 2006(EI1A 2007,
withno signsof slowingn thenearfuture Hgemissionfomcrudeoil refiningarelikely

toincreasayithincreasingemanah SouthAfricainthefuture .
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Non-Ferrous Metals Production: Primary Metals

RecenHgemissionfor SouthAfricargoldproductiowasestimatetb be 1741 tonneduring
2000(Pacynatal, 2009. GoldproductionsescyanidatioandnotHgamalgamatido extract
goldfromore

Goldbroductioastimatetb emit~0.07tonnesof Hg

- 255tonne®fgoldproduceCoMSA2007,

- Hgemissionsangebetweeni 03- 444g Hgpertonnegoldproduce@Schrodestal, 1982

- emissiodistributiofactor(1)

Hgemissionfomgoldproductiom SouthAfricaappeato belowerthanin othergoldproducing
region®ftheworldeg. NevaddaveHglevelsashighas 0.1% by weightandis thelargesHg
byproducsourcentheUSA JonesandMiller2005.

Productioof othemprimaryvirgininetalestimatetb emita totalof~0.32tonnesof Hgfrom
- 0.24tonnezinc(Kumbdresource200) at10g Hg/tonne

- 103Ktonnesoppe(DME2006 at1 g Hg/tonne

-42Ktonnetead(DME2006 at 10y Hg/tonne

- emissiodistributiofactor0.1 (UNER0OY.
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Cement Production

Coalforfiringcemenkilnsandproducinglinkearethemajoisource®fHgincemenproductian
Pacynaetal (2006 reportednatHgemissionfomcemenproductiom Africaveres.3 tonnes
in2000

The annualcoal consumptiowas estimatedy usingannualcementproductiomata, taking
accounthat~15tonnesf coalis burnedn orderto producd 00tonnef cementlinke(DME,
200D).

ApproximateB/77 tonnesof Hg estimatedo be releasedluring2004(include$ig emissions
fromcoalcombusticiorfiringcemenkilnshasedn

- 1298 Mtonnesemenproduceth 2005=~1.95Mtonnesoalusedorfiringcemenkilng

- usingappropriatéistributiofactor40.9; UNEP2003;

- ~0.15ppmofHgin coal(WagneandHItasway@003.

Cemenproductiois increasings newinfrastructuiis requireth RSAandsoHgemissionfor
thecountnandthecontinenwillincrease
Itis importarthatHgemissionfomthissourceoe monitoreah orderto providemorerobung

emissioassessmenterSouthAfrica
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Artisanal Gold Mining

Althoughartisanabold minersoperatein the Mpumalangand LimpopdProvinces
(CoMSA2006, the extentto whichartisanabnd smaklscalegold miningactivities
contributd Hgemissions SouthAfricaarevirtuallyinknown

Thisactivitys illegain SouthAfricaandhasanestimate® 000to 20000goldminers
operatingn the countryMercuremissionfromartisanagjoldminingn otherAfrican
countriearelow(e.g. 3to5tonneperyearn Zimbabwé/eiga2004.

ForSouthAfricatheHgemissionBomtheseactivitiesnayevenlowerconsiderintipe
estimatedumbenf goldminersn the countrys lowerthanthatfoundn neighbouring
Zimbabwe
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Waste Deposition and Incineration

About93% of wastewasdisposedf in landfillgriorto 2000(DWAF1998. TotalHg levelsin
landfiljashavenotbeermeasurethRSA

Coalash generatedoy S a s @adal@asificationprocessis also primarilylandfilled Coal
consumptioof 41 Mtonnesn 2004(DME 2009, of which7(®6 is consumeth coalgasification
equatedo approximateB@87 and0.43 tonnesnf Hgbeingtrappedas gaseousdd andwaste
(coalhsh)respectively

SouthA f r iNatiandM/asteManagemertrategy medicalvastebe sortedoriorto disposal
orincineratiganddisposabfpotentiallgazardousiedicalvastao landfilleavoided

Medicalvasteestimatetb emit~0.60tonnesof Hg

- authorisethedicalvastedreatmentapacitycommerciakrvicespublid privatdhospitalsyas
~0.03Mtonnes 2005 DEAT2006);

- emissiodistributiofactoi(1).

Pooronsiteincineratolis publichospitalsr clinicsif presentandtheburningprillegadumping
ofwastanresidentiareaswilllikelyincreasélgemissionm theSouthAfricarenvironment
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Monitoring Hg emissions in RSA

Atmospherienonitoringof Hgmostlymadeat CapeP o i @lobalstmospheriéVatch(GAW Btation

- Sincel995ttheCapePointlGAWStatior{Bakeetal, 2002 Slemetal, 2006:

- Averaggearlytotalgaseousigbetweei995and2004angedbetweed andl.5 ngm-3

- Similato measurements boardshipin the SouthAtlanticandonlyslightlyelevatedcomparedtb those
measuredtNeumayeantheAntarctieninsuléBakeetal, 2002 Slemetal, 2006.

Initialatmospheri¢igstudiesin Pretoria GautengProvince)

-Totalgaseous$igareelevate@bou2 ngm-3, especiallguringhedayandindicativefa diurnatrend(low
concentratioasnight)

- Concentratioasdvariationareconsistenwithsubstantidbcalandregionasourcesn thevicinityandare
notsurprisingiverthehighlevebfindustriactivityn Gautenérovince

RainfallcollectiongweekhbulkphasehtCapeP o i GAWStation

- Averageainfaltoncentratidarseverweekofweeklyainsamplin@July/Augus200§was6.3 + 3.0 ng/L

- Scalinghesalatato a yearhfluxsuggestthatwetdepositiois around yg m2 yr1;
ConsistentithestimatesfMasoretal (1994 fortheremotesoutherflemisphere
Lowethanthatofsimilatocationg1theNorthAtlanti¢Bermuddorexamplé€8 ug m2 yr-1), ormosiocations
ontheeastcoasbftheUSA(eg. Masoretal, 2000.

Raincollections Pretorian GautendProvincare nowunderwagndcontrastinthe concentratiaianges
betweerPretorimndCapePointwillprovidemportannformatioontheextenofanthropogengnissionip

SouthAfrica GI R
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Gaps in our Current Understanding

Theabovementionethdustrieareall importanin SouthAfricaandfurthemonitoring
andresearclksrequiredbverifithereportetigestimates

Biomasburningsa potentiadourcefHgtotheSouthAfricarenvironmeneedsobe
exploredMeasurementd totalgaseoudig at CapePoint,downwinadf a fireon the
CapePeninsulauggestethatbiomasdurningouldoe a substantiadourceof Hgin
the southertdemispher@runkest al, 200). Theimpact®of Hgfromthesesources
havealsonotbeencharacterisedSoutAfrica

Theimportancefdeterminingglevelsnartisanajoldminingareasn SouthAfricaare
neededo evaluatéhe potentiaimpactshatsuchactivitiesnayhaveon humarhealth
andsurroundingguatiecosystems

Althouglthesearepotentiadource®f Hg,noinformatiois availablentheHgcontent
of theiremissiondVoreso, the fateand/ollife cycleof gaseouddg througthe entire
electricityeneratioprocessequirdurthemvestigation 0
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Research Needs

All estimatesncludedn this studyare basedon the best available
Information

Whiledataon the Hg contenbf coalexiststhisis onlyforthe Highveld
Coalfieldndthe Hgcontenbf coalandemissionsesultindgromits use
arelikelytovarythroughouhecountry

Majomgapsin ourunderstandirg pointsourceHgemissionscluddghe
Hg contenbf rawmaterialsisedin industryi.e. in ironandbasemetal
oresJimestone thecemenindustryetc) andthetypeandefficiencof
controtlevicesisednvariousndustriadectors

GIR

our future through science



