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Chairperson's
Letter
%�]IEV�HI«RIH�F]�ZMWMFMPMX]�ERH�F]�HIPMZIV]��ERH�F]�E

KVS[MRK�GSRZMGXMSR�XLEX�XLI�JYXYVI�SJ�GSEP�[MPP�FI�WLETIH

F]�IZMHIRGI�ERH�GSPPEFSVEXMSR�
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C H A I R P E R S O N ' S  L E T T E R

(IEV�QIQFIVW��TEVXRIVW�ERH�JVMIRHW�SJ�'SEPXIGL�

-�[VMXI�XS�]SY�EX�XLI�GPSWI�SJ�E�]IEV�MR�[LMGL

'SEPXIGL�WXITTIH�QSVI�«VQP]�SRXS�XLI�REXMSREP

WXEKI�XLER�EX�ER]�TSMRX�MR�MXW�VIGIRX�LMWXSV]�

Phillip Mulder
Chairperson, Coaltech

X�[EW�E�]IEV�HI«RIH�F]�ZMWMFMPMX]�ERH�F]�HIPMZIV]��ERH�F]�E

KVS[MRK�GSRZMGXMSR�EGVSWW�XLI�MRHYWXV]�XLEX�XLI�JYXYVI�SJ

GSEP�[MPP�FI�WLETIH�F]�IZMHIRGI��F]�GSPPEFSVEXMSR��ERH�F]

VIWIEVGL�XLEX�VIEGLIW�STIVEXMSRW��3R�FILEPJ�SJ�XLI�&SEVH��-

MRZMXI�]SY�XS�VIEH�XLMW�PIXXIV�RSX�SRP]�EW�E�VIGSVH�SJ�XLI�]IEV��FYX

EW�ER�MRZMXEXMSR�XS�FYMPH�XLI�RI\X�SRI�[MXL�YW�

8LI�GPIEVIWX�QEVOIV�SJ�XLEX�ZMWMFMPMX]�[EW�SYV�TVIWIRGI�EX�XLI

1MRMRK�-RHEFE��8S�FI�[IPP�VITVIWIRXIH�EX�XLI�GSRXMRIRX�W

JSVIQSWX�QMRMRK�KEXLIVMRK�[EW�E�WMKRM«GERX�SYXGSQI�JSV�ER

SVKERMWEXMSR�SJ�SYV�WM^I��ERH�[I�EVI�XLEROJYP�XS�XLI�SVKERMWMRK

GSQQMXXII�JSV�XLI�WXVEXIKMG�TEVXRIVWLMT��-X�TPEGIH�'SEPXIGL�W

VIWIEVGL��ERH�XLI�GEWI�JSV�E�WEJI�ERH�WYWXEMREFPI�GSEP�WIGXSV�

MR�JVSRX�SJ�MRZIWXSVW��MRHYWXV]�PIEHIVW�ERH�HIGMWMSR�QEOIVW�JVSQ

EGVSWW�%JVMGE�ERH�FI]SRH��8LMW�MW�[LEX�MRHYWXV]�ZMWMFMPMX]�PSSOW

PMOI��ERH�[I�MRXIRH�XS�FYMPH�SR�MX�

:MWMFMPMX]�QIERW�PMXXPI�[MXLSYX�WYFWXERGI��ERH�XLMW�]IEV�XLI

WYFWXERGI�[EW�VIEP��;I�GSQTPIXIH�E�FSH]�SJ�VIWIEVGL�XLEX

QIQFIVW�GER�TYX�XS�[SVO��3YV�YTKVEHI�SJ�XLI�/PSTTIVWFSW

I\TPSWMFMPMX]�PEFSVEXSV]�WXVIRKXLIRIH�XLI�REXMSREP�JEGMPMX]�EX�XLI

LIEVX�SJ�GSEP�HYWX�WEJIX]��3YV�[SVO�SR�MRGSVTSVEXMRK�GSEP�[EWXI

MRXS�EWTLEPX�QM\IW�STIRIH�E�HMVIGX�VSYXI�JVSQ�HMWGEVH�XS�YWEFPI

MRJVEWXVYGXYVI��6IWIEVGL�MRXS�IYXIGXMG�JVII^I�GV]WXEPPMWEXMSR

EHZERGIH�XLI�VIGSZIV]�SJ�GPIER�[EXIV�JVSQ�QMRI�WXVIEQW��[LMPI

XLI�KVS[XL�SJ�OIREJ�SR�GSEP�XEMPMRKW�ERH�E�VIKIRIVEXMZI�GVSTTMRK

ERH�PMZIWXSGO�QSHIP�VIMQEKMRIH�VILEFMPMXEXIH�PERH�EW�TVSHYGXMZI

KVSYRH��%RH�SYV�7GSTI���ERH�7GSTI���IQMWWMSRW�QEREKIQIRX

[SVO�KEZI�XLI�MRHYWXV]�E�HIJIRWMFPI�FEWMW�JSV�QIEWYVMRK�ERH

VIHYGMRK�MXW�JSSXTVMRX��(IPMZIVIH�[MXL�XLI�'7-6��1MRXIO�ERH�RMRI

YRMZIVWMXMIW��XLIWI�TVSNIGXW�EVI�XLI�TVSSJ�SJ�SYV�TYVTSWI�

01

“The Board has set a clear direction:

to widen our lens to the whole

energy system, to shift from the

volume of coal to its value, and

to keep Coaltech essential to

its members and relevant to

the nation.
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8LIWI�EVI�WXITW�XS[EVH�E�PEVKIV�EQFMXMSR��8LMW�MW�XLI�JVSRXMIV

[LIVI�XLI�ZEPYI�SJ�GSEP�I\XIRHW�[IPP�FI]SRH�GSQFYWXMSR��ERH

[LIVI�7SYXL�%JVMGE�W�GSEP�IRHS[QIRX�GER�LIPT�ERW[IV�E�KPSFEP

UYIWXMSR��3YV�XEWO�MR�XLI�]IEV�ELIEH�MW�XS�XYVR�XLEX�HMVIGXMSR�MRXS

HIPMZIV]��TVSNIGX�F]�TVSNIGX�

0IEHIVWLMT�VIRI[IH�MXWIPJ�XLMW�]IEV�MR�[E]W�XLEX�WXVIRKXLIR�YW�

1V�1E]REVH�0SQFEVH��8LYRKIPE�6IWSYVGIW
�VIWMKRIH�EW

'LEMVTIVWSR�SJ�SYV�'SEP�4VSGIWWMRK�7XIIVMRK�'SQQMXXII�HYVMRK

XLI�]IEV��[I�I\XIRH�SYV�WMRGIVI�XLEROW�JSV�LMW�PIEHIVWLMT�ERH

WIVZMGI��8LI�VSPI�TEWWIH�XS�1W�:MGO]�ZER�7GLEPO�;]O��+VSYT

1IXEPPYVKMWX�EX�+PIRGSVI�'SEP��EW�'LEMVTIVWSR��ERH�1W�7ERHVE

1EKEKYPE��+VSYT�1IXEPPYVKMWX�EX�+IRIX�1MRIVEP�4VSGIWWMRK��EW

:MGI�'LEMVTIVWSR��X[S�HMWXMRKYMWLIH�TVSJIWWMSREPW�ERH

GSQQMXXIH�EHZSGEXIW�JSV�[SQIR�MR�QMRMRK��%X�&SEVH�PIZIP�[I

[IPGSQIH�1V�1EHHIV�7XI]R��ETTSMRXIH�MR�7ITXIQFIV������

XLEROIH�1V�:IPM�7MFM]E�JSV�LMW�WIVZMGI�SR�LMW�VIWMKREXMSR��ERH

IPIGXIH�1W�0IVEXS�7ESPSWI�EW�:MGI�'LEMVTIVWSR�SJ�XLI

%WWSGMEXMSR��;I�EPWS�TEYWIH�XS�LSRSYV�SYV�JSYRHMRK�'LMIJ

)\IGYXMZI��.SLERR�&IYOIW��[LSWI�ZMWMSR�ERH�LYQMPMX]�WLETIH

XLI�SVKERMWEXMSR�[I�EVI�XSHE]��ERH�[LSWI�WXERHEVH�[I

GEVV]�JSV[EVH�

-�EQ�TPIEWIH�XS�VITSVX�ER�YRUYEPM«IH�EYHMX�STMRMSR�JVSQ�6ERVYW

-RGSVTSVEXIH��TVITEVIH�YRHIV�-*67�JSV�71)W��[MXL�XLI�KSMRK

GSRGIVR�FEWMW�E­VQIH��8LI�GSRXVSP�IRZMVSRQIRX�XLEX

WEJIKYEVHW�QIQFIVW��JYRHW�[EW�QEXIVMEPP]�WXVIRKXLIRIH�XLMW

]IEV��[I�EHSTXIH�ER�-RXIPPIGXYEP�4VSTIVX]�+SZIVRERGI

*VEQI[SVO��IJJIGXMZI���%TVMP�������XS�TVSXIGX�'SEPXIGL�JYRHIH

VIWIEVGL��MRXVSHYGIH�7XERHEVH�4VSNIGX�'SWX�+YMHIPMRIW�XS

WLEVTIR�GSWX�HMWGMTPMRI��ERH�XLI�&SEVH�QIX�JSYV�XMQIW�[MXL

EGXMZI�WXIIVMRK�GSQQMXXII�SZIVWMKLX�EGVSWW�IZIV]�TVSKVEQQI�

-�S[I�QIQFIVW�ER�LSRIWX�WMKREP��6IWIEVGL�GSQQMXQIRXW�EVI

RS[�KVS[MRK�JEWXIV�XLER�VIGYVVMRK�QIQFIV�GSRXVMFYXMSRW��%W�E

«VWX�GSVVIGXMZI�QIEWYVI�XLI�&SEVH�ETTVSZIH�E����TIVGIRX

MRGVIEWI�MR�TVMQEV]�QIQFIV�GSRXVMFYXMSRW�JSV����������ERH

EGGYQYPEXIH�VIWIVZIW�SJ�6�����QMPPMSR�TVSZMHI�LIEHVSSQ�[LMPI

SYV�WXVEXIK]�XEOIW�IJJIGX��8LEX�WXVEXIK]�MW�GPIEV��XS�VIEGL�E�WIPJ

JYRHMRK�VIWIEVGL�SVKERMWEXMSR�F]�������XS�KVS[�SYV�EWWSGMEXI

FEWI�ERH�GS�JYRHMRK��ERH�XS�EHZERGI�SYV�1IQSVERHYQ�SJ

9RHIVWXERHMRK�[MXL�>EQFME�W�1MRMWXV]�SJ�)RIVK]�EW�E�XIGLRMGEP

TEVXRIV�JSV�WYWXEMREFPI�QMRMRK�VIWIEVGL�EGVSWW�7SYXLIVR�%JVMGE�

7S�XLMW�MW��EFSZI�EPP��ER�MRZMXEXMSR��-J�]SY�EVI�TEVX�SJ�XLI�GSEP

MRHYWXV]��SV�MJ�]SY�FIPMIZI�MR�MXW�VIWTSRWMFPI�JYXYVI��XLIVI�MW�E

TPEGI�JSV�]SY�MR�XLMW�GSQQYRMX]��.SMR�YW�EW�E�QIQFIV��TEVXRIV

[MXL�YW�SR�XLI�VIWIEVGL�XLEX�QEXXIVW�XS�]SYV�STIVEXMSRW��ERH

LIPT�YW�XYVR�E�]IEV�SJ�ZMWMFMPMX]�MRXS�E�HIGEHI�SJ�MQTEGX��8LI

[SVO�MW�HIQERHMRK��XLI�TYVTSWI�MW�GPIEV��ERH�XLI�HSSV�MW�STIR�

8LI�&SEVH�MW�WEXMW«IH�XLEX�'SEPXIGL�MW�E�KSMRK�GSRGIVR�[MXL�E�GPIEV�WXVEXIK]�ERH
WXVIRKXLIRIH�GSRXVSPW��ERH�-�VIGSQQIRH�XLI�EYHMXIH�ERRYEP�«RERGMEP
WXEXIQIRXW�JSV�XLI�]IEV�IRHIH����1EVGL������XS�QIQFIVW�JSV�EHSTXMSR�

;MXL�[EVQ�VIKEVHW�ERH�ETTVIGMEXMSR

PP Mulder
Chairperson, Coaltech Research Association NPC
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02
Chief Executive's
Report
7XVSRK�STIVEXMSREP�KVS[XL�ERH�E�WLEVTIRIH�JSGYW�SR

«RERGMEP�WYWXEMREFMPMX]��GPSWMRK�XLI�]IEV�[MXL�E�GPIER

EYHMX�ERH�E�VIWMPMIRX�FEPERGI�WLIIX�
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C H I E F  E X E C U T I V E ' S  R E P O R T

1IQFIVW��MX�MW�Q]�TVMZMPIKI�XS�VITSVX�SR�E�]IEV�MR

[LMGL�'SEPXIGL�HIPMZIVIH�WXVSRK�STIVEXMSREP�KVS[XL

[LMPI�WLEVTIRMRK�MXW�JSGYW�SR�«RERGMEP�WYWXEMREFMPMX]�

1IQFIVWLMT�ERH�MRGSQI

'SEPXIGL�IRHIH�XLI�]IEV�[MXL����QIQFIV

SVKERMWEXMSRW��FIMRK�SYV�WM\�TVMQEV]

QIQFIVW��XLI�1MRIVEPW�'SYRGMP�ERH���

EWWSGMEXI�QIQFIVW��XSKIXLIV�[MXL�XLVII

MRHMZMHYEP�QIQFIVW��8LI�EWWSGMEXI�FEWI

LEW�KVS[R�JVSQ���XS����SZIV�X[S�]IEVW�

FVSEHIRMRK�SYV�MRHYWXV]�VIEGL�ERH

MRGPYWMZIRIWW��-RGSQI�JVSQ�TVMQEV]

QIQFIV�GSRXVMFYXMSRW�ERH�EWWSGMEXI

QIQFIVWLMT�JIIW�VSWI�XS�6�����QMPPMSR��YT

���TIVGIRX�SR�XLI�TVMSV�]IEV��WYTTSVXIH

EPWS�F]�WIGYVIH�TVSNIGX�GS�JYRHMRK�

MRGPYHMRK�,MKL�)­GMIRG]�0S[�)QMWWMSRW

�,)0)
�WYTTSVX�JVSQ�)WOSQ��XLI�'SYRGMP

JSV�7GMIRXM«G�ERH�-RHYWXVMEP�6IWIEVGL

�'7-6
�ERH�XLI�7SYXL�%JVMGER�2EXMSREP

)RIVK]�(IZIPSTQIRX�-RWXMXYXI��7%2)(-
�

8LI�&SEVH�ETTVSZIH�E����TIVGIRX

MRGVIEWI�MR�TVMQEV]�GSRXVMFYXMSRW�JSV

���������3YV�TVMSVMX]�MW�RSX�XLI�VIGVYMXQIRX

SJ�QIQFIVW�JSV�MXW�S[R�WEOI��FYX�XLI

GVIEXMSR�SJ�VIWIEVGL�MQTEGX�XLEX�QEXXIVW

XS�XLI�MRHYWXV]�

6IWIEVGL�HIPMZIV]

8LI�VIWIEVGL�TSVXJSPMS�GSQTVMWIH���

TVSNIGXW�EGVSWW�SYV�JSYV�TVSKVEQQIW��SJ

[LMGL���[IVI�GSQTPIXIH�����VIQEMRIH

EGXMZI�ERH���[IVI�RI[P]�ETTVSZIH��XLI

RI[�TVSNIGXW�MRGPYHMRK�4LEWI�--�SJ�XLI

,MKL�)­GMIRG]�0S[�)QMWWMSRW

TVSKVEQQI��VITVIWIRXMRK�E�GSQQMXXIH

VIWIEVGL�TVSKVEQQI�SJ�6�����QMPPMSR�JSV

���������(MVIGX�VIWIEVGL�I\TIRHMXYVI�JSV

XLI�]IEV�VIEGLIH�6�����QMPPMSR��QSVI�XLER

HSYFPI�XLI�TVMSV�]IEV��*PEKWLMT�VIWYPXW

MRGPYHIH�GSQTPIXMSR�SJ�4LEWI�-�SJ�XLI

'MVGYPEXMRK�*PYMHMWIH�&IH�GPIER�GSEP

XIGLRSPSK]�TVSNIGX��[MXL�E�6���QMPPMSR

4LEWI�--�JSV�[LMGL�GS�JYRHMRK�JVSQ�XLI

'7-6��)WOSQ�ERH�7%2)(-�MW�I\TIGXIH

XLSYKL�RSX�]IX�GSR«VQIH��XLI

/PSTTIVWFSW�I\TPSWMFMPMX]�PEFSVEXSV]

YTKVEHI��MR�WMXY�WXVIWW�QIEWYVIQIRX

XVMEPW�EX�/VMIP�'SPPMIV]��IYXIGXMG�JVII^I

GV]WXEPPMWEXMSR�JSV�QMRI�FVMRI�XVIEXQIRX�

ERH�XLI�GSRZIVWMSR�SJ�GSEP�[EWXI�MRXS

EWTLEPX�ERH�FYMPHMRK�GSQTSRIRXW��)MKLX

RI[�TVSNIGX�GSRXVEGXW�[IVI�RIKSXMEXIH

[MXL�GSWX�VIHYGXMSRW�ERH�WMKRIH�HYVMRK

XLI�]IEV�

-RHYWXV]�TVS«PI�ERH�IZIRXW

;I�QEXIVMEPP]�VEMWIH�'SEPXIGL�W�ZMWMFMPMX]�

8LI�1MRI�'PSWYVI�7IQMREV�EXXVEGXIH�QSVI

XLER�����EXXIRHIIW��[I�GSRXMRYIH�XS�FYMPH

SYV�QEWXIVGPEWWIW�ERH�=SY8YFI�GLERRIP�

ERH�'SEPXIGL�[EW�[IPP�VITVIWIRXIH�EX�XLI

1MRMRK�-RHEFE�MR�*IFVYEV]�������;I�EVI

XLEROJYP�XS�XLI�SVKERMWMRK�GSQQMXXII�JSV

XLI�WXVEXIKMG�TEVXRIVWLMT�

*MRERGMEP�HMWGMTPMRI

1EREKIQIRX�LIPH�EHQMRMWXVEXMZI�GSWXW

[MXLMR�FYHKIX��[MXL�HMWGVIXMSREV]�PMRI

MXIQW�EX�SV�FIPS[�TPER��8LI�STIVEXMRK

VIWYPX�VI¬IGXW�XLI�HIPMFIVEXI�I\TERWMSR�SJ

VIWIEVGL�WTIRH��ERH�MRZIWXQIRX�MRGSQI

SJ�6����QMPPMSR�WYTTSVXIH�E�WYVTPYW�SJ

6��������JSV�XLI�]IEV��'EWL�ERH

MRZIWXQIRXW�WXSSH�EX�6�����QMPPMSR�EX�]IEV

IRH��;I�VIGSKRMWI�XLEX�QSWX�VIWIEVGL

WIXXPIQIRX�JEPPW�MR�XLI�«REP�UYEVXIV��ERH

[I�QEREKI�XLMW�XMQMRK�XLVSYKL

HMWGMTPMRIH�GEWL�TPERRMRK�ERH��[LIVI

VIUYMVIH��E�QIEWYVIH�HVE[HS[R�JVSQ

VIWIVZIW�VEXLIV�XLER�ER]�WXVYGXYVEP

WLSVXJEPP�MR�WSPZIRG]�

+SZIVRERGI�ERH
PSSOMRK�ELIEH

(YVMRK�XLI�]IEV�[I�MQTPIQIRXIH�XLI

7XERHEVH�4VSNIGX�'SWX�+YMHIPMRIW�ERH�XLI

-RXIPPIGXYEP�4VSTIVX]�+SZIVRERGI

*VEQI[SVO��ERH�-�GSR«VQ�ER�YRUYEPM«IH

EYHMX�SYXGSQI��3YV�JSV[EVH�EKIRHE�MW

IUYEPP]�GPIEV��;I�EVI�[MHIRMRK�SYV

WXVEXIKMG�PIRW��TSWMXMSRMRK�GSEP�[MXLMR�E

FVSEHIV�IRIVK]�W]WXIQ�ERH�QSZMRK�JVSQ�E

ZSPYQI�FEWIH�ZMI[�SJ�GSEP�XS�E�ZEPYI

FEWIH�SRI��-R�TVEGXMGI�XLMW�QIERW

GSRGIRXVEXMRK�SR�JI[IV��PEVKIV��GS�JYRHIH

TVMSVMXMIW�XLEX�GVIEXI�MQTEGX�XLEX�QEXXIVW�

GSRXEMRMRK�RI[�GSQQMXQIRXW�XLVSYKL

WIPIGXMZI�ETTVSZEP��KVS[MRK�GS�JYRHMRK

ERH�XLI�EWWSGMEXI�FEWI��EHZERGMRK�XLI

>EQFME�TEVXRIVWLMT��ERH�PEYRGLMRK�XLI

=SYXL�-RRSZEXMSR�'SYRGMP�XS�FYMPH�XLI�RI\X

KIRIVEXMSR�SJ�XEPIRX��8LIWI�EGXMSRW�WIX

'SEPXIGL�«VQP]�SR�XLI�TEXL�XS�E�WIPJ

WYWXEMRMRK��ERH�MRGVIEWMRKP]�IWWIRXMEP�

VIWIEVGL�SVKERMWEXMSR�

Avhurengwi Nengovhela
'LMIJ�)\IGYXMZI�3­GIV

T HE  Y E A R

R15.4m
Contributions and fees, up
43%

R12.7m
Direct research investment

R367k
Surplus for the year

33
Research projects across
four programmes
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C H I E F  E X E C U T I V E ' S  R E P O R T  ( C O N T I N U E D )

AC Nengovhela
'LMIJ�)\IGYXMZI�3­GIV��'SEPXIGL�6IWIEVGL�%WWSGMEXMSR�24'

02
S U B S E Q U E N T  E V E N T  ·  I N T E G R A T E D  M I N I N G  A N D  P R O C E S S I N G

With effect from 1 July 2026, the Mining and Coal Processing portfolios operate as a

single Integrated Mining and Processing forum, chaired by Mr Gavin Silver, with

dedicated Vice Chairpersons leading the mining and processing technical streams.

The integration concentrates oversight across the full value chain and removes

duplication, while preserving the technical depth of each discipline. Existing projects,

contracts, Service Level Agreements, membership and fees continue unaffected.
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03
Coaltech
at a Glance
The year in numbers: growth in membership, a doubling

of research investment, and a resilient balance sheet.
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C O A L T E C H  A T  A  G L A N C E

%�ZSPYRXEV]��QIQFIV�JYRHIH��RSR�TVS«X�VIWIEVGL

EWWSGMEXMSR�JSV�XLI�7SYXL�%JVMGER�GSEP�MRHYWXV]��IWXEFPMWLIH

MR�������6IWIEVGL�RIIHW�EVI�VEMWIH�F]�QIQFIVW�XLVSYKL

WXIIVMRK�GSQQMXXIIW��SRI�JSV�IEGL�VIWIEVGL�WXVIEQ�

R12.7m
-RZIWXIH�HMVIGXP]�MR�VIWIEVGL�
QSVI�XLER�HSYFPI�XLI�TVMSV�]IEV

R23.2m
'EWL�ERH�MRZIWXQIRXW�EX�]IEV
IRH

R16.8m
%GGYQYPEXIH�VIWIVZIW

33
1IQFIV�SVKERMWEXMSRW��MRGPYHMRK
���EWWSGMEXIW

R1.7m
-RZIWXQIRX�MRGSQI

200+
%XXIRHIIW�EX�XLI�1MRI�'PSWYVI
7IQMREV

✓
9RUYEPM«IH�EYHMX�STMRMSR�MWWYIH�F]�6ERVYW�-RGSVTSVEXIH��[MXL�KSMRK�GSRGIVR�GSR«VQIH�ERH
XLI�%WWSGMEXMSR�HIFX�JVII�

03

M E M B E R  C O N T R I B U T I O N S  A N D  F E E S

R15.4m
Up 43 percent on the prior year

R E S E A R C H  P R O G R A M M E

33
Projects: 9 completed, 15 active, 9
new
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C O A L T E C H  A T  A  G L A N C E

Three years of momentum

EXHIBIT 1

Contributions and fees vs research investment
6�QMPPMSRW��F]�«RERGMEP�]IEV

'SRXVMFYXMSRW�ERH�JIIW 6IWIEVGL�MRZIWXQIRX

8.6

6.9

10.8

6.1

15.4

12.7

*=����� *=����� *=�����

7SYVGI��'SEPXIGL�EYHMXIH�ERRYEP�«RERGMEP�WXEXIQIRXW�

EXHIBIT 2

Research portfolio
���TVSNIGXW�F]�WXEXYW

33
TVSNIGXW

'SQTPIXIH 9

%GXMZI 15

2I[ 9

EXHIBIT 3

Associate membership growth
%WWSGMEXI�QIQFIVW��F]�«RERGMEP�]IEV

9

20

26

*=����� *=����� *=�����

EXHIBIT 4

Surplus for the year
6�QMPPMSRW��F]�«RERGMEP�]IEV

0.55

2.10

0.37

*=����� *=����� *=�����

8LI�*=������WYVTPYW�VI¬IGXW�XLI�HIPMFIVEXI�HSYFPMRK�SJ�VIWIEVGL
MRZIWXQIRX�

03
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S E C T I O N  F O U R

04
How Coaltech
Creates Value
3RI�GSPPEFSVEXMZI�G]GPI��WLEVIH�EGVSWW�XLI�QIQFIVWLMT�

2S�WMRKPI�GSQTER]�GEVVMIW�XLI�JYPP�GSWX�SV�VMWO�SJ�XLI

VIWIEVGL�XLI�MRHYWXV]�RIIHW�

C O A LT E C H  ·  I N T E G R AT E D  A N N U A L  R E P O R T  2 0 2 5  /  2 6 1 2



H O W  C O A L T E C H  C R E A T E S  V A L U E

Coaltech's model is collaborative by design. Members

pool their contributions and share the results, so

value moves through a simple, repeating cycle.

EXHIBIT 5  ·  THE COA LTECH VA LUE CYCLE

)\LMFMX��XLI�GSPPEFSVEXMZI�VIWIEVGL�G]GPI��:EPYI�MW�QYPXMTPMIH�FIGEYWI�XLI�GSWX�ERH�VMWO�SJ�VIWIEVGL�EVI�WLEVIH�EGVSWW�XLI�QIQFIVWLMT�

04
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Collaborative

research

1 3

1 Members raise needs

4VMQEV]�ERH�EWWSGMEXI�QIQFIVW�FVMRK�XLI

VIEP�TVSFPIQW�SJ�QMRMRK�ERH�TVSGIWWMRK�XS

XLI�XEFPI�

2 Committees prioritise

)EGL�VIWIEVGL�WXVIEQ�MW�KSZIVRIH�F]�E

WXIIVMRK�GSQQMXXII�XLEX�WIPIGXW�ERH

SZIVWIIW�XLI�[SVO�XLEX�QEXXIVW�QSWX�

3 Research funded and run

4VSNIGXW�EVI�E[EVHIH�XS�YRMZIVWMXMIW��WGMIRGI

GSYRGMPW�ERH�WTIGMEPMWX�TEVXRIVW��[MXL�GS

JYRHMRK�PIZIVEKIH�[LIVI�TSWWMFPI�

4 Results shared

*MRHMRKW��KYMHIPMRIW�ERH�XIGLRSPSKMIW

EVI�QEHI�EZEMPEFPI�EGVSWW�XLI

QIQFIVWLMT��QYPXMTP]MRK�XLI�VIXYVR�SR

IZIV]�VERH�MRZIWXIH�



S E C T I O N  F I V E

05
The Future of Coal
and Coaltech's
Contribution
)RIVK]�EHHMXMSR�ERH�E�XIGLRSPSK]�XVERWMXMSR��YWMRK�GSEP

QSVI�GPIERP]��QSVI�I­GMIRXP]�ERH�QSVI�VIWTSRWMFP]

[LMPI�XLI�GSYRXV]�FYMPHW�E�FVSEHIV�IRIVK]�QM\�
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P A R T  O N E  ·  T H E  F U T U R E  O F  C O A L

'SEP�VIQEMRW�GIRXVEP�XS�7SYXL�%JVMGE�W�MRHYWXVMEP�WXEFMPMX]�

IPIGXVMGMX]�WYTTP]�ERH�IQTPS]QIRX��-X�WYTTPMIW�VSYKLP]���

TIVGIRX�SJ�XLI�GSYRXV]�W�IPIGXVMGMX]�ERH�YRHIVTMRW�E�ZEPYI�GLEMR

XLEX�WYWXEMRW�LYRHVIHW�SJ�XLSYWERHW�SJ�PMZIPMLSSHW�

8LI�KPSFEP�GSRZIVWEXMSR�MW�WLMJXMRK��FYX�7SYXL�%JVMGE�W�TEXL�MW

SRI�SJ�IRIVK]�EHHMXMSR��EHHMRK�RI[�KIRIVEXMRK�GETEGMX]

EPSRKWMHI�GSEP�XS�QIIX�HIQERH��VEXLIV�XLER�VIQSZMRK�GSEP

FIJSVI�XLI�GSYRXV]�GER�EJJSVH�XS��;LIVI�GLERKI�GSQIW��MX

GSQIW�XLVSYKL�E�XIGLRSPSK]�XVERWMXMSR��YWMRK�GSEP�QSVI�GPIERP]

ERH�I­GMIRXP]��RSX�XLVSYKL�EFERHSRQIRX��8LI�JYXYVI�SJ�GSEP

LIVI�MW�RSX�E�FMREV]�SJ�YWI�SV�EFERHSRQIRX��MX�MW�E�UYIWXMSR�SJ

YWMRK�MX�QSVI�GPIERP]��QSVI�I­GMIRXP]�ERH�QSVI�VIWTSRWMFP]

[LMPI�XLI�GSYRXV]�FYMPHW�E�FVSEHIV�IRIVK]�QM\�

EXHIBIT 6  ·  ENERGY A DDITION A ND A  TECHNOLOGY TRA NSITION

Energy addition

%HH�RI[�GETEGMX]�EPSRKWMHI�GSEP�XS�QIIX�HIQERH�

VEXLIV�XLER�VIQSZMRK�GSEP�FIJSVI�MX�GER�FI�VITPEGIH�

'SEP 2I[�GETEGMX]�EHHIH

8SHE] 2IEV %LIEH

Technology transition

9WI�GSEP�QSVI�GPIERP]�ERH�I­GMIRXP]�XLVSYKL�FIXXIV

XIGLRSPSK]��RSX�XLVSYKL�EFERHSRQIRX�

Conventional coal → 'PIERIV��I­GMIRX
GSEP��,)0)�'*&


Enabled by Coaltech research

'PIER�GSEP��,)0)�'*&


'VMXMGEP�QMRIVEPW�JVSQ�[EWXI

1MRI�[EXIV�XVIEXQIRX

6ILEFMPMXEXMSR�ERH�GPSWYVI

'SEP��HEVO
�LSPHW�XLI�FEWI�[LMPI�RI[�GETEGMX]��GSPSYV
�MW�EHHIH�SR�XST��GSRZIRXMSREP�GSEP�QSZIW�XS�GPIERIV��QSVI�I­GMIRX�GSEP�XLVSYKL�,)0)�'*&�
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P A R T  T W O  ·  C O A L T E C H ' S  C O N T R I B U T I O N

'SEPXIGL�GSRXVMFYXIW�XS�XLI�JYXYVI�SJ�GSEP�F]�QEOMRK�XLI

WIGXSV�WEJIV��GPIERIV�ERH�QSVI�I­GMIRX��ERH�F]�WYTTSVXMRK�E

GVIHMFPI�XIGLRSPSK]�XVERWMXMSR�

'SEPXIGL�W�GSRXVMFYXMSR�MW�TVEGXMGEP�ERH�VIWIEVGL�PIH��8LVSYKL

XLI�,)0)�'*&�GPIER�GSEP�TVSKVEQQI��GEVVMIH�SYX�[MXL�XLI�'7-6�

)WOSQ�ERH�7%2)(-��'SEPXIGL�MW�EHZERGMRK�LMKL�I­GMIRG]��PS[�

IQMWWMSRW�XIGLRSPSK]�XLEX�XYVRW�GSEP�HMWGEVHW�ERH�PS[�KVEHI

GSEP�MRXS�HMWTEXGLEFPI�TS[IV�[LMPI�VIHYGMRK�XLI�HMWGEVH�PIKEG]�

8LVSYKL�[SVO�SR�GVMXMGEP�QMRIVEPW�ERH�VEVI�IEVXLW�JVSQ�GSEP

[EWXI��MX�MW�LIPTMRK�XS�VITSWMXMSR�GSEP�VIWMHYIW�EW�E�VIWSYVGI�

8LVSYKL�QMRI�[EXIV�XVIEXQIRX��VILEFMPMXEXMSR��GEVFSR�JEVQMRK

ERH�QMRI�GPSWYVI�VIWIEVGL��MX�MW�VIHYGMRK�XLI�IRZMVSRQIRXEP

JSSXTVMRX�SJ�XLI�MRHYWXV]��%RH�XLVSYKL�MXW�WEJIX]�ERH�TVSHYGXMZMX]

VIWIEVGL��MX�MW�TVSXIGXMRK�XLI�TISTPI�[LS�[SVO�MR�MX�

EXHIBIT 7  ·  COA LTECH'S CONTRIBUTION TO THE FUTURE OF COA L

05

Clean coal technology

,)0)�'*&�XYVRW�HMWGEVHW�MRXS�HMWTEXGLEFPI�

PS[IV�IQMWWMSR�TS[IV�

Critical minerals

6EVI�IEVXLW�ERH�GVMXMGEP�QMRIVEPW

VIGSZIVIH�JVSQ�GSEP�[EWXI�ERH�EWL�

Mine water

8VIEXQIRX�ERH�VIYWI�SJ�QMRI�EJJIGXIH

[EXIV��QIXEPW�JVSQ�FVMRIW�

Land and closure

6ILEFMPMXEXMSR��GEVFSR�JEVQMRK�ERH

VIKIRIVEXMZI�TSWX�QMRMRK�PERH�YWI�

Safety and productivity

7EJIV�FPEWXMRK��WXVIWW�QIEWYVIQIRX�

[IEVEFPIW�ERH�HMKMXEP�XSSPW�

C O A LT E C H  ·  I N T E G R AT E D  A N N U A L  R E P O R T  2 0 2 5  /  2 6

7EJIV�
GPIERIV�

QSVI�I­GMIRX
GSEP

1 6



S E C T I O N  S I X

06
Sustainability
7YWXEMREFMPMX]�VYRW�XLVSYKL�'SEPXIGL�W�VIWIEVGL�EKIRHE

VEXLIV�XLER�WMXXMRK�FIWMHI�MX��EHHVIWWMRK�XLI

IRZMVSRQIRXEP��WSGMEP�ERH�IGSRSQMG�HMQIRWMSRW�SJ�GSEP

MR�HMVIGX��QIEWYVEFPI�[E]W�
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S U S TA I N A B I L I T Y

Four themes, each carried by live research projects that

convert environmental pressure into measurable progress.

Environment

6IWIEVGL�SR�QMRI�[EXIV�XVIEXQIRX�ERH�VIYWI��XLI

VIGSZIV]�SJ�FEXXIV]�QIXEPW�ERH�GVMXMGEP�QMRIVEPW�JVSQ

FVMRIW�ERH�HMWGEVHW��[EWXI�PMRIV�MRRSZEXMSR�JSV�QMRI

GPSWYVI��ERH�XLI�VILEFMPMXEXMSR�SJ�HMWGEVH�HYQTW�EPP

VIHYGI�XLI�IRZMVSRQIRXEP�PSEH�SJ�QMRMRK�ERH

TVSGIWWMRK��8LI�IYXIGXMG�JVII^I�GV]WXEPPMWEXMSR�ERH

FMSPSKMGEP�FVMRI�XVIEXQIRX�TVSNIGXW�XEVKIX�GPIERIV

[EXIV�ERH�YWEFPI�F]�TVSHYGXW�JVSQ�[EWXI�WXVIEQW�

CLEANER WATER · USABLE BY-PRODUCTS

Emissions and
clean technology

8LI�WIGXSV�[MHI�IQMWWMSRW�TVSKVEQQI�[MXL

4VSQIXLMYQ�'EVFSR�ERH�XLI�,)0)�'*&�GPIER�GSEP

[SVO�EHHVIWW�XLI�GEVFSR�MRXIRWMX]�SJ�XLI�MRHYWXV]

HMVIGXP]��QSZMRK�JVSQ�QIEWYVIQIRX�XS�HIQSRWXVEFPI

VIHYGXMSRW�ERH�LMKLIV�I­GMIRG]�KIRIVEXMSR�

6.73M TCO₂E SECTOR BASELINE ESTABLISHED

Land, closure
and community

'EVFSR�JEVQMRK�SR�VILEFMPMXEXIH�PERH��XLI�VIKIRIVEXMZI

GVST�ERH�PMZIWXSGO�[SVO��ERH�XLI�QMRI�GPSWYVI

VIWIEVGL�GSRRIGX�IRZMVSRQIRXEP�VILEFMPMXEXMSR�XS

GSQQYRMX]�VIKIRIVEXMSR�ERH�TSWX�QMRMRK�PMZIPMLSSHW�

WS�XLEX�GPSWYVI�FIGSQIW�ER�STTSVXYRMX]�VEXLIV�XLER

SRP]�E�PMEFMPMX]�

REHABILITATED LAND TURNED PRODUCTIVE

Energy addition and
technology transition

8LVSYKL�XEVKIXIH�TEVXRIVWLMTW��'SEPXIGL�WYTTSVXW

IRIVK]�EHHMXMSR�ERH�E�XIGLRSPSK]�XVERWMXMSR�XLEX�OIIT

HIZIPSTQIRX��NSFW�ERH�IRIVK]�WIGYVMX]�MR�ZMI[

EPSRKWMHI�PS[IV�IQMWWMSRW�
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S E C T I O N  S E V E N

07
Governance
%�&SEVH�SJ�(MVIGXSVW��WYTTSVXIH�F]�WXIIVMRK�GSQQMXXIIW

JSV�IEGL�VIWIEVGL�WXVIEQ�ERH�WIVZMGIH�F]�XLI�'SEPXIGL

S­GI�EW�XLI�WIGVIXEVMEX�
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G O V E R N A N C E

The Board and team

'SEPXIGL�MW�KSZIVRIH�F]�E�&SEVH�SJ�(MVIGXSVW��WYTTSVXIH�F]�WXIIVMRK�GSQQMXXIIW�JSV�IEGL

VIWIEVGL�WXVIEQ�ERH�WIVZMGIH�F]�XLI�'SEPXIGL�S­GI��8LI�WXIIVMRK�GSQQMXXIIW�VITSVX�XS�XLI

&SEVH��XLI�')3�ERH�S­GI�EVI�MR�EXXIRHERGI�MR�E�WIGVIXEVMEX�GETEGMX]�

Phillip Mulder
Chairperson

7IVMXM�6IWSYVGIW

Lerato Saolose
Vice Chairperson

)\\EVS�6IWSYVGIW

Naadira Haniff
Director

8LYRKIPE�6IWSYVGIW

Marius Smith
Director

+PIRGSVI�3TIVEXMSRW�7SYXL�%JVMGE

Daniel Thenga
Director

)WOSQ�,SPHMRKW

Christian Teffo
Director

1MRIVEPW�'SYRGMP�7SYXL�%JVMGE

Madder Steyn
Director

7EWSP�1MRMRK

Avhurengwi Nengovhela
CEO & Company Secretary

'SEPXIGL�S­GI

Carmen Bergman-Ally
Projects Coordinator & Secretariat

'SEPXIGL�S­GI

Londolani Rampfumedzi
SACMA Representative

7%'1%

S U B S E Q U E N T  E V E N T  ·  A F T E R  Y E A R - E N D

%JXIV�XLI�«RERGMEP�]IEV�LEH�GPSWIH��[MXL�IJJIGX�JVSQ���.YP]�������XLI�&SEVH�GSRWSPMHEXIH�XLI�1MRMRK�ERH�'SEP

4VSGIWWMRK�WXIIVMRK�GSQQMXXIIW�MRXS�E�WMRKPI�-RXIKVEXIH�1MRMRK�ERH�4VSGIWWMRK�WXVYGXYVI��-X�MW�GLEMVIH�F]�+EZMR

7MPZIV��[MXL�8IFSLS�(MFEXI�EW�ZMGI�GLEMV�SJ�XLI�QMRMRK�WXVIEQ�ERH�:MGO]�ZER�7GLEPO[]O�EW�ZMGI�GLEMV�SJ�XLI

TVSGIWWMRK�WXVIEQ��VIXEMRMRK�E�HIHMGEXIH�XIGLRMGEP�WXVIEQ�ERH�ZMGI�GLEMVTIVWSR�JSV�IEGL�HMWGMTPMRI�

07
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G O V E R N A N C E  ·  E X H I B I T  A

Our organisation during the 2025/26 year
*SYV�WXIIVMRK�GSQQMXXIIW��IEGL�VITSVXMRK�HMVIGXP]�XS�XLI�&SEVH��8LI�')3�ERH�'SEPXIGL�S­GI�EVI�MR

EXXIRHERGI�MR�E�WIGVIXEVMEX�GETEGMX]�

Exhibit A. Coaltech organisation structure during the year ended 31 March 2026.

07

BOARD OF DIRECTORS

Chairperson: Phillip Mulder (Seriti Resources)  ·  Vice
Chairperson: Lerato Saolose (Exxaro Resources)

Directors: N Haniff (Thungela Resources) · M Smith (Glencore
Operations South Africa) · D Thenga (Eskom Holdings) · C Teffo
(Minerals Council South Africa) · M Steyn (Sasol Mining)

MINING

Chairperson
+EZMR�7MPZIV

Seriti Resources

Vice Chairperson
8IFSLS�(MFEXI

Exxaro Resources

COAL PROCESSING

Chairperson
:MGO]�ZER�7GLEPO[]O

Glencore Operations South
Africa

Vice Chairperson
7ERHVE�1EKEKYPE

Genet Mineral Processing

SURFACE ENVIRONMENT

Chairperson
1EVXLMRYW�;��ZER�;]O

Thungela Resources

Vice Chairperson
(V�/IPPI]�6I]RSPHW�'PEYWIR

Eskom Holdings

FUTURE TECHNOLOGIES

Chairperson
*IWXYW�0IXIERI
Seriti Resources

Vice Chairperson
1JYRHS�:IVF]
Eskom Holdings

EXECUTIVE &

SECRETA RIAT

in attendance

CEO: Avhurengwi
Nengovhela

Projects Coordinator:
Carmen Bergman-Ally
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G O V E R N A N C E  ·  E X H I B I T  B  ·  S U B S E Q U E N T  E V E N T

Our organisation with effect from 1 July 2026
'VIEXIH�EJXIV�XLI�VITSVXMRK�]IEV�GPSWIH��1MRMRK�ERH�'SEP�4VSGIWWMRK�GSRWSPMHEXI�MRXS�SRI

-RXIKVEXIH�1MRMRK�ERH�4VSGIWWMRK�JSVYQ�[MXL�X[S�XIGLRMGEP�WXVIEQW��7XIIVMRK�GSQQMXXIIW�VITSVX

XS�XLI�&SEVH��XLI�')3�MW�MR�EXXIRHERGI��2S�GLERKI�XS�QIQFIVW��TVSNIGXW��GSRXVEGXW�SV�JIIW�

Exhibit B. Subsequent event, effective 1 July 2026, after the reporting year closed.

07

BOARD OF DIRECTORS

Chairperson: Phillip Mulder (Seriti Resources)  ·  Vice
Chairperson: Lerato Saolose (Exxaro Resources)

Directors: N Haniff (Thungela Resources) · M Smith (Glencore
Operations South Africa) · D Thenga (Eskom Holdings) · C Teffo
(Minerals Council South Africa) · M Steyn (Sasol Mining)

INTEGRATED MINING &

PROCESSING

Chairperson
+EZMR�7MPZIV�(Seriti Resources)

Vice Chair, Mining stream
8IFSLS�(MFEXI�(Exxaro Resources)

Vice Chair, Processing stream
:MGO]�ZER�7GLEPO[]O�(Glencore

Operations South Africa)

SURFACE ENVIRONMENT

Chairperson
1EVXLMRYW�;��ZER�;]O�(Thungela

Resources)

Vice Chairperson
(V�/IPPI]�6I]RSPHW�'PEYWIR�(Eskom

Holdings)

FUTURE TECHNOLOGIES

Chairperson
*IWXYW�0IXIERI�(Seriti Resources)

Vice Chairpersons
1JYRHS�:IVF]�(Eskom Holdings)

7ERHVE�1EKEKYPE�(Genet Mineral
Processing)

EXECUTIVE &

SECRETA RIAT

in attendance

CEO: Avhurengwi
Nengovhela

Projects Coordinator:
Carmen Bergman-Ally
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S E C T I O N  E I G H T

08
Members
and Partners
Thirty-three member organisations and three individual

members, working with the country's leading science

councils and research partners.
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M E M B E R S  A N D  P A R T N E R S

A collaborative membership

P RI MA RY  MEMBERS

A S S O C I AT E MEMBERS 26

08
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M E M B E R S  A N D  P A R T N E R S

Universities and research partners

U N I V ERS I T I ES

University of Cape Town University of Pretoria University of the
Witwatersrand

North-West University University of the Free State University of Johannesburg

University of South Africa University of Venda

RES EA RC H  A N D I N DU S T RY  PA RT N ERS

CSIR Mintek Water Research Commission Agricultural Research Council

Mandela Mining Precinct FutureCoal SACMA SANEDI SACESHA Nkangala Chamber

33 member organisations: six primary members, the Minerals

Council South Africa, and 26 associates. Three individual members

are counted separately.

JO IN ED A FT ER Y EA R-EN D

Hlela Energies and MPBIASA joined as

members after the reporting year closed on

31 March 2026.

08
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S E C T I O N  N I N E

09
Events
of the Year
%�]IEV�MR�[LMGL�'SEPXIGL�WXITTIH�QSVI�«VQP]�MRXS

XLI�REXMSREP�ERH�MRHYWXV]�GSRZIVWEXMSR��XLVSYKL

WIQMREVW��TEVXRIVWLMTW�ERH�XLI�PEYRGL�SJ�XLI�����

VIWIEVGL�TSVXJSPMS�
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E V E N T S  O F  T H E  Y E A R

Delegates gather at a Coaltech seminar under the banner,
Advancing the future of sustainable coal.

From the Mine Closure Seminar and the Ideation Summit.

SU B SE Q U E NT  E V E NT S ·  A F T E R  3 1  M A R C H 2 0 2 6

The HELE-CFB Localisation Programme launched on 1 April 2026 in support of the Integrated Resource Plan 2025, with

Coaltech at the centre, and the Coaltech Colloquium followed on 28 May 2026. Both fall after the reporting year and are

noted here for context only.

098 April 2025

Mine Closure Seminar

More than 200 members, researchers and partners gathered

to help shape a sustainable future for the coal sector.

6 May 2025

Sector-wide emissions project with Promethium
Carbon

A sector-wide project launched to tackle carbon emissions

across the coal value chain.

August 2025

Annual Ideation Summit

Members and partners gathered to shape the next research

programme, raising the priorities that will guide Coaltech

to 2031.

28 November 2025

2026 Research Portfolio launch

Coaltech unveiled its 2026 research portfolio, positioning

South Africa for leadership in clean coal innovation and

critical minerals.

19 February 2026

New Coal Processing committee leadership

Vicky van Schalkwyk (Glencore) appointed Chairperson and

Sandra Magagula (Genet) Vice Chairperson, both advocates

for women in mining.
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S E C T I O N  T E N

10
Research
in Action
The following project summaries are reproduced as

supplied by the research teams. They are the substance

of Coaltech's year.

Mining Coal Processing Surface Environment Future Technologies
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R E S E A R C H  I N  A C T I O N  ·  F O C U S  A R E A

Mining
Coal dust explosibility characterisation and in-situ

stress measurement: research that protects the people

who work underground.

Kloppersbos explosibility laboratory upgrade  ·  In-situ stress measurement in South African coal mines
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M I N I N G  ·  P R O J E C T  M 2 0 2 0 - 2

Kloppersbos explosibility laboratory upgrade
Researcher: Riaan Bergh (CSIR)  ·  Reviewers: Prof. Bekir Genc (University of the Witwatersrand), Prof. Jan du Plessis (University of

Pretoria), Alan Cook (Latona Consulting)

-RXVSHYGXMSR

9RHIVKVSYRH�GSEP�QMRMRK�MRZSPZIW�WMKRM«GERX�WEJIX]�LE^EVHW�

MRGPYHMRK�QIXLERI�MKRMXMSRW�ERH�GSEP�HYWX�I\TPSWMSRW��8LIWI

IZIRXW�LEZI�LMWXSVMGEPP]�GEYWIH�JEXEPMXMIW��MRNYVMIW�ERH�I\XIRWMZI

HEQEKI�XS�QMRI�MRJVEWXVYGXYVI��6IPMEFPI�GLEVEGXIVMWEXMSR�SJ�GSEP

HYWX�I\TPSWMFMPMX]�MW�IWWIRXMEP�JSV�EWWIWWMRK�I\TPSWMSR�VMWO�ERH

HIXIVQMRMRK�ETTVSTVMEXI�TVIZIRXMSR�ERH�QMXMKEXMSR�QIEWYVIW�

-R�7SYXL�%JVMGE��GSEP�HYWX�I\TPSWMFMPMX]�LEW�XVEHMXMSREPP]�FIIR

GLEVEGXIVMWIH�YWMRK�E����PMXVI�I\TPSWMSR�ZIWWIP��8LI�VIWYPX�MW

I\TVIWWIH�EW�XLI�)\TPSWMFMPMX]�-RHI\��/I\��MR�YRMXW�SJ�FEV�W��8LMW

MRHI\�LEW�FIIR�YWIH�JSV�QER]�]IEVW�XS�GPEWWMJ]�7SYXL�%JVMGER�GSEP

HYWX�EGGSVHMRK�XS�MXW�EFMPMX]�XS�TVSTEKEXI�ER�I\TPSWMSR�YRHIVKVSYRH�

;LIR�XLI����PMXVI�ETTEVEXYW�[EW�GSQQMWWMSRIH��GEPMFVEXMSR�[EW

TIVJSVQIH�YWMRK�+IVQER�VIJIVIRGI�GSEP�WEQTPIW�ERH�GSQTEVMWSR

[MXL�E�WMQMPEV�ETTEVEXYW�MR�+IVQER]��0EXIV��7SYXL�%JVMGER�VIJIVIRGI

GSEPW�[IVI�YWIH�JSV�ZIVM«GEXMSR��3ZIV�XMQI��XLIWI�VIJIVIRGI

QEXIVMEPW�FIGEQI�YREZEMPEFPI�SV�LEH�XS�FI�VITPEGIH��ERH�XLIVI�LEW

RSX�FIIR�E�QIERW�SJ�MRHITIRHIRXP]�GEPMFVEXMRK�XLI����PMXVI

ETTEVEXYW�JSV�WIZIVEP�]IEVW�

8LI����PMXVI�7M[IO�I\TPSWMSR�ZIWWIP�MW�[MHIP]�YWIH�MRXIVREXMSREPP]

ERH�MW�EZEMPEFPI�EX�XLI�/PSTTIVWFSW�I\TPSWMFMPMX]�PEFSVEXSV]��-X�LEW

MQTSVXERX�EHZERXEKIW��TEVXMGYPEVP]�ERRYEP�QERYJEGXYVIV�

EHQMRMWXIVIH�VSYRH�VSFMR�GEPMFVEXMSR��XIGLRMGEP�WYTTSVX�ERH�FVSEH

MRXIVREXMSREP�EGGITXERGI��,S[IZIV��FIGEYWI�7SYXL�%JVMGER�GSEP

HYWX�GPEWWM«GEXMSR�[EW�HIZIPSTIH�EVSYRH�XLI����PMXVI�ETTEVEXYW

ERH�/I\�MRHI\��XLI�VIPEXMSRWLMT�FIX[IIR�/I\�ERH�XLI����PMXVI

ETTEVEXYW�)\TPSWMSR�-RHI\��/QE\��LEH�XS�FI�HIXIVQMRIH�MJ�XLI����

PMXVI�ETTEVEXYW�MW�XS�FI�YWIH�MR�JYXYVI�

8LMW�WXYH]�[EW�YRHIVXEOIR�XS�HIXIVQMRI�[LIXLIV�XLI����PMXVI

ETTEVEXYW�GER�VITPEGI�XLI����PMXVI�ETTEVEXYW�JSV�JYXYVI�7SYXL

%JVMGER�GSEP�HYWX�I\TPSWMFMPMX]�XIWXMRK��[LMPI�WXMPP�EPPS[MRK�VIWYPXW�XS

FI�IZEPYEXIH�EKEMRWX�I\MWXMRK�7SYXL�%JVMGER�GPEWWM«GEXMSR�PMQMXW�

8LI�WXYH]�EPWS�MRZIWXMKEXIH�XLI�IJJIGX�SJ�MR�QMRI�EXQSWTLIVMG

GSRHMXMSRW�SR�GSEP�HYWX�I\TPSWMFMPMX]��7XERHEVH�PEFSVEXSV]�XIWXW�EVI

TIVJSVQIH�YRHIV�PEFSVEXSV]�XIQTIVEXYVI�ERH�LYQMHMX]�GSRHMXMSRW

ERH�[MXLSYX�QIXLERI�MR�XLI�ZIWWIP��%GXYEP�QMRI�GSRHMXMSRW�QE]

HMJJIV��8IQTIVEXYVI��LYQMHMX]�ERH�QIXLERI�QE]�MR¬YIRGI

I\TPSWMFMPMX]�ERH�WLSYPH�XLIVIJSVI�FI�GSRWMHIVIH�[LIR�MRXIVTVIXMRK

PEFSVEXSV]�XIWX�VIWYPXW�

'SEP�HYWX�I\TPSWMSR�VMWO

-X�MW�GSQQSR�JSV�QIXLERI�XS�FI�VIPIEWIH�JVSQ�GSEP�WIEQW�HYVMRK

QMRMRK�ERH�QIXLERI�GER�EGGYQYPEXI�[LIVI�ZIRXMPEXMSR�MW

MREHIUYEXI��'SEP�HYWX�MW�KIRIVEXIH�F]�GYXXMRK��HVMPPMRK��XVERWTSVX�ERH

LERHPMRK�SJ�GSEP��ERH�[MPP�WIXXPI�SR�I\TSWIH�QMRI�WYVJEGIW��-J�XLMW

HYWX�FIGSQIW�EMVFSVRI�ERH�MW�MKRMXIH��MX�GER�TVSTEKEXI�E

HIWXVYGXMZI�I\TPSWMSR�XLVSYKL�XLI�QMRI�

,MWXSVMGEP�I\TPSWMSR�MRGMHIRXW�WLS[�XLI�WIZIVMX]�SJ�XLI�LE^EVH�

7SYXL�%JVMGER�I\TPSWMSR�WXEXMWXMGW�JVSQ������XS������VIGSVHIH���

MRNYVMIW�ERH�����HIEXLW��8LI�1MHHIPFYPX�GSEP�QMRI�HMWEWXIV�SJ���

1E]�������[LIVI�E�QIXLERI�MKRMXMSR�VIWYPXIH�MR�E�GSEP�HYWX

I\TPSWMSR�XLEX�OMPPIH����QMRI�[SVOIVW��MPPYWXVEXIW�XLI�HIWXVYGXMZI

TSXIRXMEP�SJ�WYGL�IZIRXW�

FIGURE 1

Laboratory technician depositing a dust sample into the injection chamber

of the 20-litre explosion vessel. Depositing of a dust sample into the

injection chamber of the 20-litre explosion vessel is demonstrated in

Figure 1.
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M I N I N G  ·  K L O P P E R S B O S  E X P L O S I B I L I T Y  L A B O R AT O R Y  U P G R A D E  ( C ONT INU E D )

'SEP�HYWX�I\TPSWMSR�QIGLERMWQ

%�GSEP�HYWX�I\TPSWMSR�VIUYMVIW�XLI�«ZI�IPIQIRXW�SJ�XLI�I\TPSWMSR

TIRXEKSR��GSQFYWXMFPI�HYWX��EMV�EW�S\MHMWIV��ER�MKRMXMSR�WSYVGI�

HMWTIVWMSR�SJ�XLI�HYWX�GPSYH�ERH�GSR«RIQIRX��-QTSVXERX�VMWO

JEGXSVW�MRGPYHI�MKRMXMSR�WSYVGIW��GSEP�I\TPSWMFMPMX]��TVIWIRGI�SJ

QIXLERI�MR�EMV��QMRI�XIQTIVEXYVI�ERH�LYQMHMX]��ZIRXMPEXMSR��TEVXMGPI

WM^I�HMWXVMFYXMSR��HYWX�GSRGIRXVEXMSR��ERH�XLI�FEPERGI�FIX[IIR

GSQFYWXMFPI�ERH�MRGSQFYWXMFPI�QEXIVMEP��(V]�HYWX�MW�QSVI

I\TPSWMZI�XLER�QSMWX�HYWX��ERH�«RI�TEVXMGPIW�MRGVIEWI�I\TPSWMSR

WIZIVMX]�FIGEYWI�XLIMV�KVIEXIV�WYVJEGI�EVIE�EPPS[W�JEWXIV

GSQFYWXMSR��'SEP�HYWX�[MXL�E�QIER�TEVXMGPI�WM^I�SJ�ETTVS\MQEXIP]

���vQ�ERH�E�XST�WM^I�SJ�����vQ�[EW�JSYRH�XS�FI�VITVIWIRXEXMZI�SJ

HYWX�TVSHYGIH�MR�YRHIVKVSYRH�GSEP�QMRMRK�

8LI�MRMXMEXMRK�IZIRX�MR�YRHIVKVSYRH�GSEP�QMRI�I\TPSWMSRW�MW�SJXIR

XLI�MKRMXMSR�SJ�E�QIXLERI�EMV�QM\XYVI��1IXLERI�MW�I\TPSWMZI�MR�EMV

FIX[IIR�ETTVS\MQEXIP]��	�ERH���	�GSRGIRXVEXMSR�F]�ZSPYQI��[MXL

XLI�QSWX�TS[IVJYP�I\TPSWMSRW�VIWYPXMRK�JVSQ�XLI�WXSMGLMSQIXVMG

GSRGIRXVEXMSR�SJ�EFSYX����	�QIXLERI��-KRMXMSR�WSYVGIW�QE]

MRGPYHI�JVMGXMSREP�MKRMXMSR�JVSQ�GYXXMRK�QEGLMRIV]��IPIGXVMGEP�WTEVOW

ERH�FPS[R�SYX�WLSXW�HYVMRK�FPEWXMRK��-KRMXMSR�SJ�QIXLERI�TVSHYGIW

ER�SYX[EVHP]�I\TERHMRK�¬EQI�JVSRX�ERH�E�TVIWWYVI�[EZI��8LI

TVIWWYVI�[EZI�JVSQ�XLI�QIXLERI�MKRMXMSR�QE]�PMJX�WIXXPIH�GSEP�HYWX

JVSQ�QMRI�WYVJEGIW�ERH�HMWTIVWI�MX�MRXS�ER�EMVFSVRI�HYWX�GPSYH�

8LI�QIXLERI�¬EQI�GER�XLIR�MKRMXI�XLI�WYWTIRHIH�GSEP�HYWX��,IEX

JVSQ�XLI�¬EQI�JVSRX�GEYWIW�GSEP�TEVXMGPIW�XS�VIPIEWI�ZSPEXMPI

GSQFYWXMFPI�GSQTSYRHW��[LMGL�FYVR�ERH�WYWXEMR�¬EQI

TVSTEKEXMSR��%W�XLI�I\TPSWMSR�TVSKVIWWIW��QSVI�HYWX�GER�FI�PMJXIH

MRXS�WYWTIRWMSR��EPPS[MRK�XLI�I\TPSWMSR�XS�MRGVIEWI�MR�WXVIRKXL�ERH

I\XIRX��7IGSRHEV]�GSEP�HYWX�I\TPSWMSRW�XLIVIJSVI�XIRH�XS�FI�QSVI

HIWXVYGXMZI�XLER�XLI�MRMXMEP�QIXLERI�MKRMXMSR�

'SEP�HYWX�I\TPSWMSR�TVSTEKEXMSR�GER�FI�TVIZIRXIH�SV�PMQMXIH�F]

MRIVXMRK�[MXL�WXSRI�HYWX��7XSRI�HYWX�EFWSVFW�LIEX��WGVIIRW�XLIVQEP

VEHMEXMSR��SFWXVYGXW�S\]KIR�ERH�GSQFYWXMFPI�KEW�HMJJYWMSR��ERH

WSQI�X]TIW�SJ�WXSRI�HYWX�QE]�VIPIEWI�GEVFSR�HMS\MHI�[LIR

LIEXIH��6IWIEVGL�YWMRK�XLI�����Q�I\TPSWMSR�KEPPIV]�EX�/PSTTIVWFSW

WLS[IH�XLEX���	�XSXEP�MRGSQFYWXMFPI�GSRXIRX�MW�VIUYMVIH�XS�WXST�E

JYPP�WGEPI�GSEP�HYWX�I\TPSWMSR��0S[IV�PIZIPW�QE]�VIHYGI

TVSTEKEXMSR�ERH�SZIVTVIWWYVI�FYX�QE]�WXMPP�EPPS[�GSEP�HYWX�XS

TEVXMGMTEXI�MR�XLI�I\TPSWMSR�

)\TPSWMFMPMX]�GLEVEGXIVMWEXMSR
ERH�GPEWWM«GEXMSR�SJ�GSEP�HYWX

'SEP�HYWX�I\TPSWMFMPMX]�XIWXMRK�MW�TIVJSVQIH�MR�GPSWIH�PEFSVEXSV]

I\TPSWMSR�ZIWWIPW�XS�HIXIVQMRI�XLI�I\TPSWMSR�TSXIRXMEP�SJ�XLI�GSEP

HYWX��8LI�I\TPSWMFMPMX]�XIWX�YWMRK�XLI����PMXVI�ETTEVEXYW�TVSHYGIW

XLI�/I\�I\TPSWMFMPMX]�MRHI\��[LMGL�MW�XLI�MRHYWXV]�WXERHEVH�JSV�GSEP

HYWX�I\TPSWMFMPMX]�GLEVEGXIVMWEXMSR�MR�7SYXL�%JVMGE��8LI�I\TPSWMFMPMX]

MRHI\�SJ�XLI�GSEP�HYWX�MRJSVQW�HIGMWMSRW�SR�I\TPSWMSR�TVIZIRXMSR

QIEWYVIW��MRGPYHMRK�WXSRI�HYWXMRK�ERH�I\TPSWMSR�FEVVMIVW��8LI

GPEWWM«GEXMSR�SJ�GSEP�HYWX�I\TPSWMFMPMX]�MRXS�XLVII�FVSEH�GEXIKSVMIW

FEWIH�SR�XLI�I\TPSWMFMPMX]�MRHI\�MW�WLS[R�MR�8EFPI���

8EFPI����'PEWWM«GEXMSR�SJ�GSEP�HYWX�I\TPSWMFMPMX]�

)\TPSWMFMPMX]�MRHI\��/I\��FEV�W
 (YWX�I\TPSWMSR�VMWO�GPEWWM«GEXMSR

Kex < 70 2SR�I\TPSWMZI��;MPP�RSX�TVSTEKEXI�ER�I\TPSWMSR�

70 ≤ Kex ≤ 95
8VERWMXMSR�VIKMSR��0EVKI�WGEPI�XIWXMRK�MR����Q�I\TPSWMSR�KEPPIV]�VIGSQQIRHIH�XS
GSR«VQ�I\TPSWMSR�TVSTEKEXMSR�VMWO��%PXIVREXMZIP]��XVIEX�EW�I\TPSWMZI�

Kex ≥ 95 ;MPP�TVSTEKEXMRK�ER�I\TPSWMSR�

8IWXMRK�MR�XLI����PMXVI�7M[IO�I\TPSWMSR�ZIWWIP�VITSVXW�I\TPSWMFMPMX]

MRHI\�/QE\��MR�YRMXW�SJ�FEV�Q�W��-R�XLMW�WXYH]��GSEP�WEQTPIW�XIWXIH

MR�XLI����PMXVI�ETTEVEXYW�[IVI�TVITEVIH�XS�XLI�WEQI�TEVXMGPI�WM^I

WTIGM«GEXMSR�YWIH�JSV�XLI����PMXVI�ETTEVEXYW��XS�VITVIWIRX

YRHIVKVSYRH�GSEP�QMRI�HYWX�ERH�EPPS[�HMVIGX�GSQTEVMWSR��8LI����

PMXVI�ETTEVEXYW�SJJIVW�WIZIVEP�EHZERXEKIW��GLMIJ�EQSRK�[LMGL�EVI

ERRYEP�VSYRH�VSFMR�GEPMFVEXMSR��QERYJEGXYVIV�WYTTSVX�ERH

MRXIVREXMSREP�EGGITXERGI��8LIWI�EHZERXEKIW�QEHI�MX�XLI�TVIJIVVIH

JYXYVI�STXMSR��TVSZMHIH�XLI�VIPEXMSRWLMT�FIX[IIR�/I\�ERH�/QE\

MW�IWXEFPMWLIH�

1IXLSHSPSK]

8LI�I\TIVMQIRXEP�TVSKVEQQI�GSRWMWXIH�SJ�X[S�TEVXW��*MVWX��E�WMHI�

F]�WMHI�GSQTEVMWSR�[EW�TIVJSVQIH�FIX[IIR�XLI����PMXVI�ERH����

PMXVI�I\TPSWMSR�ZIWWIP�QIXLSHW��8LMW�[EW�HSRI�XS�HIXIVQMRI�XLI

VIPEXMSRWLMT�FIX[IIR�XLI�/QE\�ZEPYIW�SFXEMRIH�JVSQ�XLI����PMXVI

ETTEVEXYW�ERH�XLI�/I\�ZEPYIW�SFXEMRIH�JVSQ�XLI����PMXVI�ETTEVEXYW�

7IGSRH��XLI����PMXVI�ETTEVEXYW�[EW�YWIH�XS�MRZIWXMKEXI�XLI�IJJIGXW

SJ�XIQTIVEXYVI��LYQMHMX]�ERH�QIXLERI�SR�XLI�I\TPSWMSR�MRHI\�SJ

GSEP�HYWX�

8LI�GSQTEVMWSR�XIWXW�[IVI�TIVJSVQIH�MR�FSXL�ZIWWIPW�YRHIV

PEFSVEXSV]�EXQSWTLIVMG�GSRHMXMSRW��8IQTIVEXYVI�VERKIH�JVSQ���q'

XS���q'�ERH�VIPEXMZI�LYQMHMX]�JVSQ���	6,�XS���	6,��'SEP�WEQTPIW

[IVI�GSPPIGXIH�JVSQ����7SYXL�%JVMGER�GSEP�QMRIW�XS�MRGPYHI�E

VERKI�SJ�I\TPSWMFMPMX]�ZEPYIW��*SV�XLI�MRZIWXMKEXMSR�SJ�XLI�IJJIGX�SJ

EXQSWTLIVMG�GSRHMXMSR�SR�GSEP�HYWX�I\TPSWMFMPMX]��SRI�TEVEQIXIV

[EW�ZEVMIH�[LMPI�XLI�SXLIVW�[IVI�OITX�GSRWXERX�EW�JEV�EW�TVEGXMGEP�

8LI�HYWX�GSRGIRXVEXMSR�[EW�«\IH�EX�XLI�GSRGIRXVEXMSR�XLEX�LEH

TVSHYGIH�XLI�QE\MQYQ�/QE\�HYVMRK�IEVPMIV�I\TPSWMFMPMX]�XIWXMRK�
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M I N I N G  ·  K L O P P E R S B O S  E X P L O S I B I L I T Y  L A B O R AT O R Y  U P G R A D E  ( C ONT INU E D )

)\TIVMQIRXEP�VIWYPXW

8LI�VIWYPXW�SJ�GSQTEVMWSR�FIX[IIR�XLI����PMXVI�ERH����PMXVI

ETTEVEXYWIW��FEWIH�SR����GSEP�WEQTPIW��EVI�WYQQEVMWIH�MR�8EFPI

���9WMRK�XLI�QIER�VEXMS�/QE\�!�����/I\��XLI�LMWXSVMGEP�7SYXL

%JVMGER�/I\�PMQMXW�GER�FI�VIWXEXIH�MR�XIVQW�SJ�/QE\�EW�WLS[R�MR

8EFPI���

8LI�XIWXIH�WEQTPIW�WIX�HMH�RSX�MRGPYHI�ZIV]�WXVSRK�I\TPSWMFMPMX]

WEQTPIW��2SRI�TVSHYGIH�/QE\�ZEPYIW�EFSZI�����FEV�Q�W��ERH�XLI

MRXIRHIH�VERKI�JVSQ�[IEO�XS�ZIV]�WXVSRK�[EW�SRP]�TEVXP]�EGLMIZIH�

8LMW�WYTTSVXW�XLI�RIIH�JSV�JYVXLIV�GSQTEVMWSR�XIWXMRK�YWMRK

WEQTPIW�SZIV�E�[MHIV�I\TPSWMFMPMX]�VERKI�

8IQTIVEXYVI�XIWXMRK�YWMRK�XLI����PMXVI�ETTEVEXYW��GSRHYGXIH�EX

XLVII�XIQTIVEXYVI�WXITW�FIX[IIR�ETTVS\MQEXIP]���q'�ERH���q'�

WLS[IH�E�QSHIVEXI�GSVVIPEXMSR�FIX[IIR�MRGVIEWMRK�XIQTIVEXYVI

ERH�MRGVIEWMRK�/QE\��[MXL�GSI­GMIRX�SJ�HIXIVQMREXMSR�6s�!�������-X

[EW�JSYRH�XLEX�E��q'�MRGVIEWI�MR�XIQTIVEXYVI�GER�FI�I\TIGXIH�XS

MRGVIEWI�/QE\�F]�ETTVS\MQEXIP]�����FEV�Q�W�

,YQMHMX]�XIWXMRK�WLS[IH�E�QSHIVEXI�GSVVIPEXMSR�FIX[IIR

MRGVIEWMRK�LYQMHMX]�ERH�HIGVIEWMRK�/QE\��[MXL�6s�!�������-X�[EW

JSYRH�XLEX�E��	�MRGVIEWI�MR�VIPEXMZI�LYQMHMX]�VIWYPXIH�MR�E����

FEV�Q�W�HIGVIEWI�MR�/QE\��1IXLERI�XIWXMRK�[EW�TIVJSVQIH�EX

GSRGIRXVEXMSRW�JVSQ��	�XS��	�F]�ZSPYQI�MR����	�MRGVIQIRXW��8LI

VIWYPXW�WLS[IH�E�QSHIVEXI�GSVVIPEXMSR�FIX[IIR�QIXLERI

GSRGIRXVEXMSR�ERH�/QE\��[MXL�6s�!�������-X�[EW�JSYRH�XLEX�/1E\

MRGVIEWI�F]����FEV�Q�W�TIV��	�MRGVIEWI�MR�QIXLERI�GSRGIRXVEXMSR�

1IXLERI�MW�XLI�HSQMRERX�EXQSWTLIVMG�ZEVMEFPI��%���q'�XIQTIVEXYVI

MRGVIEWI�GLERKIW�/QE\�F]�EFSYX���FEV�Q�W��ERH�E���	�VIPEXMZI

LYQMHMX]�VIHYGXMSR�MRGVIEWIW�/QE\�F]�EFSYX���FEV�Q�W��-R�GSRXVEWX�

�	�QIXLERI�MRGVIEWIW�/QE\�F]�EFSYX����FEV�Q�W�

8EFPI�������PMXVI�ZW�����PMXVI�GSQTEVEXMZI�XIWXMRK�

1MRMQYQ�/QE\�/I\�VEXMS ����

1E\MQYQ�/QE\�/I\�VEXMS ����

1IER�/QE\�/I\�VEXMS��R�!���
 ����

7XERHEVH�HIZMEXMSR��R�!���
 ����

8EFPI����'PEWWM«GEXMSR�VIWXEXIH�MR�XIVQW�SJ�/QE\�

/QE\
�FEV�Q�W


'PEWWM«GEXMSR

Kex < 68 2SR�I\TPSWMZI�

68 ≤ Kex ≤
93

8VERWMXMSR�VIKMSR��0EVKI�WGEPI�XIWXMRK
VIGSQQIRHIH��SV�XVIEX�EW�I\TPSWMZI�

Kex ≥ 93 ;MPP�TVSTEKEXMRK�ER�I\TPSWMSR�

MINE-CONDITION A DJUSTMENT

Kmaxmine = Kmaxlab + 0.4(Tmine – Tlab) − 0.3(Hmine – Hlab) + 22(Mmine)

Tlab = 23°C, Hlab = 50%RH. The laboratory explosibility test result can be adjusted to take into account the effects of temperature, humidity and

methane concentration in the mine.

'SRGPYWMSR�ERH�VIGSQQIRHEXMSRW

8LI�VMWO�SJ�QIXLERI�ERH�GSEP�HYWX�I\TPSWMSRW�VIQEMRW�TVIWIRX�JSV

EW�PSRK�EW�GSEP�MW�QMRIH�YRHIVKVSYRH��8LI�WIZIVI�GSRWIUYIRGIW

SJ�GSEP�HYWX�I\TPSWMSRW�NYWXMJ]�TIVMSHMG�XIWXMRK�SJ�XLI�GSEP�FIMRK

QMRIH�WS�XLEX�ETTVSTVMEXI�I\TPSWMSR�VMWO�GSRXVSPW�QE]�FI�WIPIGXIH

ERH�MQTPIQIRXIH��8LI����PMXVI�ZIWWIP�ERH�/I\�MRHI\�LEZI�WIVZIH

XLI�7SYXL�%JVMGER�GSEP�QMRMRK�MRHYWXV]�JSV�WIZIVEP�HIGEHIW�

,S[IZIV��XLI����PMXVI�7M[IO�GLEQFIV�TVSZMHIW�MQTSVXERX

EHZERXEKIW��ERH�WLSYPH�FI�YWIH�MR�JYXYVI��8LI�GSQTEVMWSR�XIWXW

HSRI�MR�XLMW�WXYH]�IWXEFPMWLIH�E�TVSZMWMSREP�QIER�VIPEXMSRWLMT�SJ

/QE\�!�����/I\�JVSQ����GSEP�WEQTPIW�

%HNYWXQIRX�JEGXSVW�LEZI�EPWS�FIIR�HIXIVQMRIH�JSV�XIQTIVEXYVI�

LYQMHMX]�ERH�QIXLERI�WS�XLEX�PEFSVEXSV]�/QE\�VIWYPXW�GER�FI

EHNYWXIH�JSV�EGXYEP�MR�QMRI�EXQSWTLIVMG�GSRHMXMSRW��%HHMXMSREP

GSQTEVMWSR�XIWXMRK�YWMRK�GSEP�WEQTPIW�XLEX�VITVIWIRX�E�[MHIV

VERKI�SJ�/QE\�ZEPYIW�MW�VIGSQQIRHIH��EPSRK�[MXL�JYVXLIV�XIWXMRK

XS�MQTVSZI�GSR«HIRGI�MR�XLI�EXQSWTLIVMG�EHNYWXQIRX�JEGXSVW�

+MZIR�XLI�HSQMRERX�IJJIGX�SJ�QIXLERI�SR�/QE\��JYVXLIV�XIWXMRK

WLSYPH�EPWS�FI�GSRHYGXIH�EX�QIXLERI�GSRGIRXVEXMSRW�EFSZI��	�XS

FIXXIV�HI«RI�XLI�VIPEXMSRWLMT�FIX[IIR�QIXLERI�GSRGIRXVEXMSR�ERH

I\TPSWMFMPMX]�MRHI\�
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M I N I N G

In-situ stress measurement
in South African coal mines
Trials at Kriel Colliery · DCDA and CCBO methodologies

1IEWYVIQIRX�SJ�XLI�WXVIWW�«IPH�GSQTSRIRXW�EW�QMRMRK�ETTVSEGLIW�E�KISPSKMGEPP]�GSQTPI\�EVIE�[MPP

GSRXVMFYXI�XS�UYERXMJ]�XLI�MQTEGX�SJ�XLIWI�WXVYGXYVIW�SR�XLI�QEKRMXYHI�ERH���SV�SVMIRXEXMSR�SJ�XLI�«IPH

WXVIWW�GSQTSRIRXW�ERH�EPPS[�VIQIHMEP�EGXMSR�XS�FI�MQTPIQIRXIH�XMQISYWP]�

)\IGYXMZI�WYQQEV]

8S�FI�EFPI�XS�WSPZI�XLMW�KET�MR�XLI�ORS[PIHKI�SJ�QMRMRK�EVIEW��XLI

HIZIPSTQIRX�SJ�E�QIXLSH�XLEX�[MPP�FI�GSWX�IJJIGXMZI��TVEGXMGEP�ERH

TVSZMHI�E�KSSH�IRSYKL�IWXMQEXI�SJ�XLI�QEKRMXYHI�ERH�SVMIRXEXMSRW

SJ�4VMRGMTEP�«IPH�WXVIWW�GSQTSRIRXW�MW�IWWIRXMEP��*VSQ

TYFPMGEXMSRW�SR�[SVO�HSRI�SR�LEVH�VSGO�QMRIW�MR�7SYXL�%JVMGE��XLI

('(%�QIXLSH��HMEQIXVMGEP�GSVI�HIJSVQEXMSR�EREP]WMW


QIXLSHSPSK]�[EW�WIPIGXIH�EW�E�TSWWMFPI�WSPYXMSR�

Milestone 1�MRGPYHIH�XLI�I\IGYXMSR�SJ�TPERRMRK�ERH�GSRXVEGXMRK

EGXMZMXMIW�XS�EPPS[�XLI�VIWX�SJ�XLI�TVSNIGX�XS�FI�I\IGYXIH�

Milestone 2�JSGYWIH�SR�IWXEFPMWLMRK�[LIXLIV�XLI�(MEQIXVMGEP�'SVI

(IJSVQEXMSR�%REP]WMW��('(%
�XIGLRMUYI�GSYPH�TPEYWMFP]�FI�ETTPMIH

MR�XLI�7SYXL�%JVMGER�GSEP�QMRMRK�IRZMVSRQIRX��[LIVI�WXVIWW

QEKRMXYHIW�EVI�PS[�ERH�VSGO�QEWWIW�SJXIR�I\LMFMX�WMKRM«GERX

ERMWSXVST]�ERH�TSSV�GSVI�UYEPMX]��8LI�TVMQEV]�SFNIGXMZI�SJ�XLMW

QMPIWXSRI�[EW�XLIVIJSVI�RSX�XS�HIVMZI�EFWSPYXI�WXVIWW�ZEPYIW��FYX

VEXLIV�XS�HIXIVQMRI�[LIXLIV�WXVIWW�MRHYGIH�GSVI�HIJSVQEXMSR

GSYPH�FI�QIEWYVIH�VIPMEFP]�IRSYKL�XS�NYWXMJ]�JYVXLIV�MRZIWXMKEXMSR�

%�WXVYGXYVIH�HEXE�KEXLIVMRK�TVSGIWW�[EW�YRHIVXEOIR�EX�/VMIP

'SPPMIV]��MRGPYHMRK�WMXI�WIPIGXMSR��HVMPPMRK�WXVEXIK]�HIZIPSTQIRX��GSVI

VIGSZIV]��ERH�PEFSVEXSV]�TVITEVEXMSR��7MXI�WIPIGXMSR�GSRWMHIVIH

QYPXMTPI�STIVEXMSREP�ERH�KISPSKMGEP�JEGXSVW��MRGPYHMRK�HITXL�

TVS\MQMX]�XS�KISPSKMGEP�HMWXYVFERGIW��I\GEZEXMSR�KISQIXV]�

KVSYRH[EXIV�TVIWIRGI��ERH�ERXMGMTEXIH�WXVIWW�QEKRMXYHIW��*VSQ�E

VERKI�SJ�TSWWMFPI�HVMPPMRK�PSGEXMSRW��E�WMRKPI�FSVILSPI��,SPI

%��&PSGO�*��&*����0,���C7TPMX���
�[EW�WIPIGXIH�EW�XLI�QSWX

WYMXEFPI�GERHMHEXI�JSV�SFXEMRMRK�('(%�XIWX�QEXIVMEP�[MXL�QMRMQEP

I\XIVREP�FMEW�

'SVI�HVMPPMRK�[EW�I\IGYXIH�YWMRK�WXERHEVH�I\TPSVEXMSR�HVMPPMRK

IUYMTQIRX��%PXLSYKL�XLMW�EPPS[IH�XLI�GSPPIGXMSR�SJ�WY­GMIRX�GSEP

ERH�WERHWXSRI�WEQTPIW��XLI�TVSGIWW�LMKLPMKLXIH�WIZIVEP�MRLIVIRX

PMQMXEXMSRW��QIGLERMGEP�FVIEOEKI�SJ�GSEP�GSVI��PEQMREXIH

WERHWXSRI�LSVM^SRW��ERH�WMKRW�SJ�GSVI�HEQEKI�HYI�XS�HVMPPMRK

TVEGXMGIW��8LIWI�JEGXSVW�[IVI�PEXIV�WLS[R�XS�LEZI�E�HMVIGX

MR¬YIRGI�SR�('(%�VIWYPX�VIPMEFMPMX]�

8S�EWWIWW�[LIXLIV�('(%�QIEWYVIQIRXW�[SYPH�FI�XIGLRMGEPP]

ZMEFPI�EX�WLEPPS[�GSEP�QMRMRK�HITXLW��LMWXSVMGEP�GSEP�MRHYWXV]�WXVIWW

QIEWYVIQIRXW�ERH�VSGO�IPEWXMG�TVSTIVX]�HEXEFEWIW�[IVI�YWIH�XS

IWXMQEXI�I\TIGXIH�WXVIWW�HMJJIVIRXMEPW�ERH�GSVVIWTSRHMRK�IPEWXMG

WXVEMR�VIPMIJ��'EPGYPEXMSRW�HIQSRWXVEXIH�XLEX�IZIR�EX�PS[�WXVIWW

QEKRMXYHIW��XLI�I\TIGXIH�HMEQIXVMGEP�HMEQIXIV�GLERKIW�MR�FSXL

GSEP�ERH�WERHWXSRI�GSVI�WEQTPIW�WLSYPH�I\GIIH�XLI�QMRMQYQ

VIWSPYXMSR�XLVIWLSPH�SJ�XLI�('(%�QIEWYVIQIRX�IUYMTQIRX��8LI

QMPIWXSRI�GSRGPYHIH�XLEX��MR�TVMRGMTPI��('(%�QIEWYVEFPI�WXVEMR

VIPMIJ�WLSYPH�SGGYV�MR�FSXL�GSEP�ERH�WERHWXSRI�EX�/VMIP�'SPPMIV]

HITXLW��,S[IZIV��MX�EPWS�IWXEFPMWLIH�XLEX�GSVI�UYEPMX]�ERH�HVMPPMRK

QIXLSHSPSK]�EVI�GVMXMGEP�WYGGIWW�JEGXSVW��ERH�XLEX�VIWYPXW�JVSQ

TSSVP]�VIGSZIVIH�SV�QIGLERMGEPP]�HEQEKIH�GSVI�[SYPH�MRIZMXEFP]

FI�UYIWXMSREFPI�

Milestone 3�IZEPYEXIH�XLI�«VWX�('(%�PEFSVEXSV]�VIWYPXW�SFXEMRIH

JVSQ�GSVI�WEQTPIW�WLMTTIH�XS�.ETER��8LIWI�XIWXW�VITVIWIRXIH�ER

MQTSVXERX�TVSSJ�SJ�GSRGITX�WXEKI�EMQIH�EX�EWWIWWMRK�[LIXLIV

('(%�GSYPH�VIPMEFP]�GETXYVI�WXVIWW�VIPEXIH�HIJSVQEXMSR

GLEVEGXIVMWXMGW�YRHIV�GSEP�QMRMRK�GSRHMXMSRW��8LI�WERHWXSRI

WEQTPIW�KIRIVEPP]�I\LMFMXIH�PEVKI�HMEQIXIV�ZEVMEXMSRW�ERH�WXVSRK

IPPMTXMGEP�HIJSVQEXMSR��,S[IZIV��GPSWIV�I\EQMREXMSR�MRHMGEXIH�XLEX

QYGL�SJ�XLMW�HIJSVQEXMSR�[EW�PMOIP]�EWWSGMEXIH�[MXL�QIGLERMGEP

IJJIGXW�VEXLIV�XLER�WXVIWW�VIPMIJ�EPSRI��)ZMHIRGI�SJ�FEVVIP�WGVETMRK�

XETIVIH�IRHW��ERH�YRIZIR�GSVI�WYVJEGIW�WYKKIWXIH�XLEX�HVMPPMRK�

MRHYGIH�HEQEKI�LEH�WMKRM«GERXP]�HMWXSVXIH�XLI�WERHWXSRI

GSVI�KISQIXV]�
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M I N I N G  ·  I N - S I T U  S T R E S S  M E A S U R E M E N T  ( C ONT INU E D )

%W�E�VIWYPX��XLI�HMJJIVIRXMEP�WXVIWW�ZEPYIW�HIVMZIH�JVSQ�WERHWXSRI

('(%�QIEWYVIQIRXW�[IVI�I\GIWWMZIP]�LMKL�ERH�MRGSRWMWXIRX�[MXL

LMWXSVMGEP�MR�WMXY�WXVIWW�HEXE��;LMPI�WERHWXSRI�WEQTPIW�WLS[IH

VIEWSREFPI�EKVIIQIRX�MR�XLI�SVMIRXEXMSR�SJ�QE\MQYQ�HIJSVQEXMSR�

XLIMV�WXVIWW�QEKRMXYHI�IWXMQEXIW�[IVI�GSRWMHIVIH�YRVIPMEFPI��'SEP

WEQTPIW�HMWTPE]IH�QSVI�QSHIWX�HMEQIXVMGEP�HIJSVQEXMSR��ERH�MR

WIZIVEP�GEWIW�XLI�QEKRMXYHI�SJ�HMJJIVIRXMEP�WXVIWW�HIVMZIH�JVSQ

('(%�QIEWYVIQIRXW�JIPP�GPSWIV�XS�LMWXSVMGEPP]�I\TIGXIH�VERKIW�JSV

WMQMPEV�QMRMRK�HITXLW��8LMW�WYKKIWXW�XLEX�GSEP�GSVI�I\TIVMIRGIH

PIWW�QIGLERMGEP�SZIV[SVOMRK�HYVMRK�HVMPPMRK��EPPS[MRK�WSQI�WXVIWW�

VIPEXIH�HIJSVQEXMSR�XS�FI�TVIWIVZIH��2IZIVXLIPIWW��SVMIRXEXMSR

VIWYPXW�JSV�GSEP�WEQTPIW�[IVI�LMKLP]�ZEVMEFPI��VI¬IGXMRK�XLI�WXVSRK

ERMWSXVST]��FIHHMRK�TPERI�IJJIGXW��ERH�TSXIRXMEP�XMQI�HITIRHIRX

VIPE\EXMSR�FILEZMSYV�SJ�GSEP�QEXIVMEP�

3ZIVEPP��XLI�('(%�VIWYPXW�GSR«VQIH�XLEX�HMEQIXVMGEP�HIJSVQEXMSR

GER�FI�QIEWYVIH�MR�GSEP�IRZMVSRQIRX�GSVI��ZEPMHEXMRK�XLI

JYRHEQIRXEP�TVIQMWI�SJ�XLI�QIXLSH��,S[IZIV��XLI�VIWYPXW�EPWS

QEHI�MX�GPIEV�XLEX�GSVI�MRXIKVMX]�ERH�LERHPMRK�HSQMREXI�HEXE�UYEPMX]�

ERH�XLEX�WXVIWW�SVMIRXEXMSR�HIXIVQMREXMSR�MR�GSEP�MW�TEVXMGYPEVP]

WIRWMXMZI�XS�QEXIVMEP�ERMWSXVST]��1MPIWXSRI���XLIVIJSVI�GSRGPYHIH

XLEX�('(%�LSPHW�TVSQMWI�EW�E�GSEP�MRHYWXV]�WXVIWW�WGVIIRMRK

XSSP��FYX�XLEX�MXW�YWI�VIUYMVIW�WXVMGX�HVMPPMRK�ERH�WEQTPI�LERHPMRK

GSRXVSPW�ERH�WLSYPH�FI�WYTTSVXIH�F]�GSQTPIQIRXEV]�WXVIWW

QIEWYVIQIRX�XIGLRMUYIW�

Milestones 4 and 5�WLMJXIH�XLI�JSGYW�JVSQ�PEFSVEXSV]�XIWXMRK�XS

HMVIGX�YRHIVKVSYRH�WXVIWW�QIEWYVIQIRX�YWMRK�XLI�'SQTEGX

'SRMGEP�IRHIH�&SVILSPI�3ZIVGSVMRK��''&3
�XIGLRMUYI��8LI�TVMQEV]

SFNIGXMZI�[EW�XS�KIRIVEXI�E�VIPMEFPI�FIRGLQEVO�WXVIWW�HEXEWIX

EKEMRWX�[LMGL�('(%�VIWYPXW�GSYPH�FI�IZEPYEXIH��[LMPI

WMQYPXERISYWP]�GSPPIGXMRK�EHHMXMSREP�GSVI�WEQTPIW�JSV�JYVXLIV

('(%�XIWXMRK��%JXIV�XLI�SVMKMREPP]�TVSTSWIH�WMXIW�FIGEQI

STIVEXMSREPP]�YREZEMPEFPI��EPXIVREXMZI�WMXIW�[IVI�WIPIGXIH�MR

EHNEGIRX�WTPMXW��7TPMXW����ERH���
�[MXLMR�XLI�&*�)��TERIP�EX�/VMIP

'SPPMIV]��8LI�GPSWI�TVS\MQMX]�SJ�XLIWI�WMXIW�EPPS[IH�GSQTEVMWSR�SJ

VIWYPXW�YRHIV�WMQMPEV�KISPSKMGEP�ERH�WXVIWW�GSRHMXMSRW��MRGVIEWMRK

GSR«HIRGI�MR�XLI�GSVVIPEXMSR�TVSGIWW�

*SYV�FSVILSPIW�[IVI�HVMPPIH��X[S�XEVKIXMRK�GSEP�WIEQ�QEXIVMEP�ERH

X[S�MRXIVWIGXMRK�XLI�WERHWXSRI�VSSJ��''&3�WXVEMR�GIPPW�[IVI

WYGGIWWJYPP]�MRWXEPPIH�ERH�SZIVGSVIH�EX�QYPXMTPI�QIEWYVIQIRX

TSMRXW�[MXLMR�IEGL�LSPI��KIRIVEXMRK�E�WYFWXERXMEP�HEXEWIX�SJ�WXVEMR

VIPMIJ�QIEWYVIQIRXW��%PXLSYKL�KVSYRH[EXIV�TVIWIRGI�ERH

PEQMREXIH�VSSJ�GSRHMXMSRW�MRXVSHYGIH�GLEPPIRKIW��WXVEMR�KEYKI

VIWTSRWIW�[IVI�VIGSVHIH�EX�EPP�TPERRIH�QIEWYVIQIRX�TSMRXW�

MRHMGEXMRK�STIVEXMSREP�WYGGIWW�

-RMXMEP�WXVEMR�XS�WXVIWW�GSRZIVWMSRW�WLS[IH�WXVIWW�QEKRMXYHIW

WMKRM«GERXP]�LMKLIV�XLER�I\TIGXIH�JVSQ�LMWXSVMGEP�GSEP�MRHYWXV]

HEXE��7YFWIUYIRX�EREP]WMW�MHIRXM«IH�XLI�IPEWXMG�GSRWXERXW�YWIH�MR

XLI�MRMXMEP�GSRZIVWMSRW�EW�E�QENSV�WSYVGI�SJ�YRGIVXEMRX]��%�VI�

IZEPYEXMSR�SJ�GSEP�ERH�WERHWXSRI�IPEWXMG�TVSTIVXMIW�YWMRK�LMWXSVMGEP

ERH�WMXI�WTIGM«G�HEXE�VIZIEPIH�XLEX�XLI�MRMXMEPP]�ETTPMIH�QSHYPM�[IVI

RIEV�XLI�YTTIV�FSYRHW�SJ�VIEWSREFPI�ZEPYIW�JSV�XLIWI�QEXIVMEPW��&]

EHSTXMRK�IPEWXMG�TVSTIVX]�VERKIW�VEXLIV�XLER�WMRKPI�TSMRX�IWXMQEXIW�

VIGEPGYPEXIH�''&3�WXVIWW�QEKRMXYHIW�TVSQMWIW�XS�EPMKRIH�QSVI

GPSWIP]�[MXL�I\TIGXIH�WLEPPS[�HITXL�WXVIWW�GSRHMXMSRW��8LIWI

QMPIWXSRIW�HIQSRWXVEXIH�XLEX�''&3�WXVIWW�QIEWYVIQIRX�MW

JIEWMFPI�MR�XLI�/VMIP�GSEP�IRZMVSRQIRX��FYX�EPWS�YRHIVWGSVIH�XLI

RIGIWWMX]�SJ�GEVIJYP�VSGO�TVSTIVX]�GLEVEGXIVMWEXMSR�XS�EZSMH�SZIV�

IWXMQEXMSR�SJ�WXVIWW�QEKRMXYHIW�

Milestone 6�MW�TPERRIH�XS�MRXIKVEXI�XLI�PEFSVEXSV]�('(%�«RHMRKW

ERH�YRHIVKVSYRH�''&3�QIEWYVIQIRXW�XS�EWWIWW�XLI�HIKVII�SJ

GSVVIPEXMSR�FIX[IIR�XLI�X[S�QIXLSHSPSKMIW��*MREP�('(%

QIEWYVIQIRXW�SR�XLI�WEQTPIW�WIRX�XS�.ETER��LEW�RSX�]IX�FIIR

VIGIMZIH��-R�XLMW�IZEPYEXMSR��XLI�IQTLEWMW�[MPP�FI�TPEGIH�SR

HIXIVQMRMRK�[LIXLIV�('(%�GSYPH�TVSZMHI�QIERMRKJYP�IWXMQEXIW�SJ

WXVIWW�SVMIRXEXMSR�ERH�VIPEXMZI�QEKRMXYHI�[LIR�GEPMFVEXIH�EKEMRWX

GSRZIRXMSREP�SZIVGSVMRK�HEXE�

Core recovery, CCBO strain-cell installation and overcoring at Kriel Colliery.
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R E S E A R C H  I N  A C T I O N  ·  F O C U S  A R E A

Coal Processing
Turning coal discard into usable infrastructure: circular

innovation that repurposes coal waste for the road-

building sector.

Repurposing of coal waste for asphalt applications
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C O A L  P R O C E S S I N G  ·  P R O J E C T  P 2 0 2 4 - 2

Repurposing of coal waste: coal-based
circular innovation for asphalt applications
4VITEVIH�F]�XLI�'SYRGMP�JSV�7GMIRXM«G�ERH�-RHYWXVMEP�6IWIEVGL��'7-6
�MR�GSPPEFSVEXMSR�[MXL�'SEPXIGL��/I]�'7-6�GSRXVMFYXSVW��6IEXMPI

4MXWS��*VIIQER�1EWYOY��1ZMOIPM�1TSJY��7XITLIR�1ETEREQERE��.SLER�,ERIOSQ��,EVXQYX�&VSHRIV�

-RXVSHYGXMSR

8LI�MRGSVTSVEXMSR�SJ�GSEP�[EWXI�MRXS�VSEH�GSRWXVYGXMSR�QEXIVMEPW

VITVIWIRXW�E�WMKRM«GERX�STTSVXYRMX]�JSV�7SYXL�%JVMGE�W�GMVGYPEV

IGSRSQ]��7SYXL�%JVMGE�KIRIVEXIW�ETTVS\MQEXIP]����QMPPMSR�XSRRIW

SJ�GSEP�[EWXI�ERRYEPP]��GVIEXMRK�WYFWXERXMEP�IRZMVSRQIRXEP��WEJIX]�

ERH�PERH�YWI�GLEPPIRKIW��%X�XLI�WEQI�XMQI��XLI�VSEH�GSRWXVYGXMSR

WIGXSV�GSRWYQIW�PEVKI�ZSPYQIW�SJ�REXYVEP�EKKVIKEXIW��[LMGL

EVI�FIGSQMRK�MRGVIEWMRKP]�WGEVGI�ERH�I\TIRWMZI�XS�WSYVGI

ERH�XVERWTSVX�

8LI�EWTLEPX�MRHYWXV]�JEGIW�VMWMRK�QEXIVMEP�GSWXW�ERH�IRZMVSRQIRXEP

TVIWWYVIW�XS�VIHYGI�XLI�GSRWYQTXMSR�SJ�ZMVKMR�EKKVIKEXIW��;LMPI

MRXIVREXMSREP�WXYHMIW��TEVXMGYPEVP]�JVSQ�XLI�97%��'LMRE��-VER��-RHME�

ERH�/SVIE
�LEZI�WLS[R�TVSQMWMRK�VIWYPXW�YWMRK�GSEP�[EWXI�EWL

ERH�«RIW�MR�LSX�QM\�EWTLEPX��,1%
��PMQMXIH�PSGEP�VIWIEVGL�I\MWXIH

XS�ZEPMHEXI�TIVJSVQERGI�YRHIV�7SYXL�%JVMGER�GSRHMXMSRW��WXERHEVHW�

ERH�QEXIVMEPW�

8LMW�TVSNIGX�[EW�MRMXMEXIH�XS�EHHVIWW�XLMW�KET��8LI�TVSNIGX

MRZIWXMKEXIH�[LIXLIV�GSEP�[EWXI�«RIW�ERH�GSEP�¬]�EWL�GSYPH�WIVZI

EW�ZMEFPI�WYFWXMXYXIW�JSV�REXYVEP�EKKVIKEXIW�ERH�EGXMZI�«PPIVW�MR

QIHMYQ�GSRXMRYSYWP]�KVEHIH�EWTLEPX�[IEVMRK�GSYVWIW��8LI

YPXMQEXI�SFNIGXMZI�[EW�XS�HIZIPST�XIGLRMGEPP]�WSYRH��GSWX�

IJJIGXMZI��ERH�IRZMVSRQIRXEPP]�GSQTPMERX�EWTLEPX�QM\IW�XLEX

VIHYGI�VIPMERGI�SR�ZMVKMR�EKKVIKEXIW�[LMPI�QEMRXEMRMRK�SV

MQTVSZMRK�XLI�EWTLEPX�TIVJSVQERGI�

8LI�VIWIEVGL

8LI�TVSNIGX�[EW�GSRHYGXIH�MR�E�TLEWIH�ETTVSEGL�ERH�«REPM^IH�MR

(IGIQFIV�������-X�GSQFMRIH�E�GSQTVILIRWMZI�PMXIVEXYVI�VIZMI[

[MXL�PEFSVEXSV]�QEXIVMEP�GLEVEGXIVMWEXMSR��QM\�HIWMKR�STXMQMWEXMSR�

TIVJSVQERGI�XIWXMRK��PIEGLEXI�EREP]WMW��ERH�GSWX�FIRI«X

IZEPYEXMSR��'SRZIRXMSREP�QEXIVMEPW�[IVI�WSYVGIH�JVSQ�MRHYWXV]

TEVXRIVW��[MXL�GSEP�[EWXI�WEQTPIW�SFXEMRIH�JVSQ�E�GSEP�QMRI�MR

XLI�1MHHIPFYVK�EVIE�SJ�1TYQEPERKE�MR�7SYXL�%JVMGE�

6IWIEVGL�JVSQ�XLI�:MVKMRME�(ITEVXQIRX�SJ�8VERWTSVXEXMSR��:(38


ERH�WXYHMIW�MR�'LMRE��-VER��1SHEVVIW�ERH�6ELQER^EHIL
��-RHME��ERH

/SVIE�HIQSRWXVEXIH�XLEX�GSEP�[EWXI�GSYPH�IRLERGI�1EVWLEPP

WXEFMPMX]��MRHMVIGX�XIRWMPI�WXVIRKXL��VIWMPMIRX�QSHYPYW��VYXXMRK

VIWMWXERGI��ERH�QSMWXYVI�HEQEKI�VIWMWXERGI��-R�XLI�7SYXL�%JVMGER

GSRXI\X��XLI�TVSNIGX�EHHVIWWIH�XLI�LMKL�GSEP�[EWXI�ZSPYQIW

ERH�XLI�XIWXMRK�[EW�HSRI�EGGSVHMRK�XS�XLI�7SYXLIVR�%JVMGER

&MXYQIR�%WWSGMEXMSR��7%&-8%
�ERH�7SYXL�%JVMGER�&YVIEY�SJ

7XERHEVHW��7%&7
�

'SRZIRXMSREP�EKKVIKEXIW��HSPSQMXI�WXSRI��«PPIV�WERH��ERH�GVYWLIV

HYWX
��������TIRIXVEXMSR�KVEHI�FMXYQIR��L]HVEXIH�PMQI��ERH�GSEP

[EWXI�[IVI�JYPP]�GLEVEGXIVM^IH�EGGSVHMRK�XS�7%27������ERH�7EFMXE

1ERYEP�����'SEP�[EWXI�I\LMFMXIH�WYMXEFPI�KVEHMRK��LMKL�WMPMGE�

EPYQMRE�GSRXIRX��TS^^SPERMG�EGXMZMX]��XIWXIH�XLVSYKL�<6(�ERH

*8-6
��ERH�GLIQMGEP�WXEFMPMX]��8LVII�QEMR�EWTLEPX�QM\�HIWMKRW�[IVI

HIZIPSTIH�ERH�XIWXIH��E�GSRZIRXMSREP�GSRXVSP�QM\��E�GSEP�[EWXI�QM\

[MXL�JYPP�PMQI��ERH�E�GSEP�[EWXI�QM\�[MXL�VIHYGIH�PMQI�

4IVJSVQERGI�XIWXMRK�MRGPYHIH�1EVWLEPP�7XEFMPMX]��-RHMVIGX

8IRWMPI�7XVIRKXL��-87
��(]REQMG�'VIIT��VYXXMRK
��%MV

4IVQIEFMPMX]��XLI�,EQFYVK�;LIIP�8VEGOMRK�8IWX��,;88
��XLI

*SYV�4SMRX�&IRHMRK�&IEQ��JEXMKYI
�ERH�XLI�1SHM«IH

0SXXQER�8IWX��QSMWXYVI�WYWGITXMFMPMX]
�

Figure 1: Asphalt mix development process used in all three mixes. Figure 2: (a) ITS Test, (b) Dynamic Creep Test.
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C O A L  P R O C E S S I N G  ·  C O A L  W A S T E  I N  A S P H A LT  M I X E S  ( C ONT INU E D )

/I]�«RHMRKW

0EFSVEXSV]�VIWYPXW�WLS[IH�XLEX�QM\IW�MRGSVTSVEXMRK�GSEP�[EWXI

�GSEP�[EWXI�QM\�[MXL�JYPP�PMQI
�QEXGLIH�SV�SYXTIVJSVQIH�XLI

GSRZIRXMSREP�GSRXVSP�QM\�EGVSWW�QSWX�TIVJSVQERGI�MRHMGEXSVW��EW

MPPYWXVEXIH�MR�8EFPI����8LI�-RHMVIGX�8IRWMPI�7XVIRKXL��-87
�VIWYPXW

GSR«VQIH�XLEX�XLI�GSEP�[EWXI�QM\IW�EGLMIZIH�WXVSRK�XIRWMPI

TIVJSVQERGI�EW�GSQTEVIH�XS�XLI�GSRZIRXMSREP�QM\��'SEP�[EWXI

MQTVSZIH�WXMJJRIWW��HIJSVQEXMSR�VIWMWXERGI��MQTIVQIEFMPMX]��ERH

QSMWXYVI�VIWMWXERGI�[LIR�GSQFMRIH�[MXL�ETTVSTVMEXI�PMQI

HSWEKIW��+ISGLIQMGEP�ERH�QMRIVEPSKMGEP�EREP]WIW�GSR«VQIH�XLI

TS^^SPERMG�TVSTIVXMIW�SJ�GSEP�[EWXI��QEOMRK�MX�WYMXEFPI�EW�ER�EGXMZI

«PPIV��'LEPPIRKIW�RSXIH�MRGPYHIH�STXMQMWMRK�PMQI�GSRXIRX�ERH

IRWYVMRK�GSRWMWXIRX�QEXIVMEP�UYEPMX]�

)GSRSQMG�EREP]WMW

8LI�WXYH]�UYERXM«IH�WMKRM«GERX�QEXIVMEP�ERH�XVERWTSVX�GSWX

WEZMRKW��TEVXMGYPEVP]�[LIR�GSEP�[EWXI�WSYVGIW�EVI�PSGEXIH�RIEV

EWTLEPX�TPERXW��7IRWMXMZMX]�EREP]WIW�GSR«VQIH�«RERGMEP�ZMEFMPMX]�

[MXL�TSXIRXMEP�ERRYEP�XVERWTSVX�WEZMRKW�SJ�6����QMPPMSR�EX�VIHYGIH

LEYP�HMWXERGIW��2SVQEPMWIH�WEZMRKW�TIV�OMPSQIXVI�SJ�VSEH�[IVI

GEPGYPEXIH��EPSRK�[MXL�EZSMHIH�HMWTSWEP�GSWXW��%RRYEP�GSEP�[EWXI

YXMPMWEXMSR�TSXIRXMEP�MR�EWTLEPX�[EW�IWXMQEXIH�EX�ETTVS\MQEXIP]

��������XSRRIW��EFSYX�����	�SJ�REXMSREP�KIRIVEXMSR
�

)RZMVSRQIRXEP�MQTEGX

8LI�LIEZ]�QIXEP�PIEGLEXI�XIWX��EGIXMG�EGMH�ERH�,'P�I\XVEGXERXW


[EW�GSRHYGXIH�EW�TEVX�SJ�XLI�IRZMVSRQIRXEP�EWWIWWQIRX�

0IEGLEXI�XIWX�VIWYPXW�GPEWWM«IH�XLI�QEXIVMEP�EW�4SPPYXERX�'PEWW�%�

MRHMGEXMRK�QMRMQEP�IRZMVSRQIRXEP�VIWXVMGXMSRW�JSV�FIRI«GMEP�YWI�

9WMRK�GSEP�[EWXI�MR�EWTLEPX�WYTTSVXW�VIHYGIH�PERH«PP�PSEHW��PS[IV

HIQERH�JSV�ZMVKMR�EKKVIKEXIW��ERH�MW�EPMKRIH�[MXL�GMVGYPEV�IGSRSQ]

TVMRGMTPIW��8LI�IRZMVSRQIRXEP�MQTEGX�ETTIEVW�PS[�YRHIV�GYVVIRX

TEZMRK�PIZIPW��FYX�GSYPH�FI�WYFWXERXMEP�MJ�LMKL�VMWO�[EWXI�TMPIW�EVI

TVMSVMXMWIH��8LI�ETTVSEGL�EPWS�SJJIVW�TSXIRXMEP�JSV�VIHYGIH�GEVFSR

JSSXTVMRX�ERH�GEVFSR�GVIHMX�STTSVXYRMXMIW�

'SRGPYWMSRW

8LI�'SEPXIGL�TVSNIGX�WYGGIWWJYPP]�HIQSRWXVEXIH�XLEX�GSEP�[EWXI

«RIW�ERH�¬]�EWL�GER�FI�WEJIP]�ERH�IJJIGXMZIP]�MRGSVTSVEXIH�MRXS

EWTLEPX�QM\IW�[MXLSYX�GSQTVSQMWMRK�ERH��MR�WIZIVEP�GEWIW�

IRLERGMRK�QIGLERMGEP�TIVJSVQERGI��HYVEFMPMX]��ERH�IRZMVSRQIRXEP

GSQTPMERGI��8LI�QM\IW�QIX�SV�I\GIIHIH�7SYXL�%JVMGER�WXERHEVHW

ERH�WLS[IH�WXVSRK�TSXIRXMEP�JSV�TVEGXMGEP�MQTPIQIRXEXMSR��8LI

TVSNIGX�TVSZMHIW�E�XIGLRMGEPP]�JIEWMFPI��IGSRSQMGEPP]�EXXVEGXMZI��ERH

WYWXEMREFPI�WSPYXMSR�JSV�7SYXL�%JVMGE�W�VSEH�GSRWXVYGXMSR�WIGXSV�

ERH�PEMH�E�WXVSRK�WGMIRXM«G�JSYRHEXMSR�JSV�FVSEHIV�EHSTXMSR�ERH

QSVI�WYWXEMREFPI�MRJVEWXVYGXYVI�HIZIPSTQIRX�MR�7SYXL�%JVMGE�

Table 1. Indirect Tensile Strength (ITS) results.

Conventional control mix Coal waste mix with full lime Coal waste mix with reduced lime

698 kPa

Lowest absolute strength, but good

durability through TSR.

1184 kPa

Very high tensile strength; coal waste and

full lime improved cohesion and adhesion.

838 kPa

Higher than control, but TSR <0.80 shows

poor retention under moisture.

RECOMMENDATIONS

(IZIPST�WXVEXIKMIW�JSV�VIKMSREP�MQTPIQIRXEXMSR��JSGYWMRK�SR�TVS\MQMX]�FIX[IIR�GSEP�[EWXI�WSYVGIW�ERH�EWTLEPX�TPERXW��GSRHYGX

JYVXLIV�PEFSVEXSV]�ERH�TMPSX�WGEPI�XVMEPW�XS�ZEPMHEXI�VIWYPXW�YRHIV�STIVEXMSREP�GSRHMXMSRW��QSHMJ]�GSEP�[EWXI�XS�MRGVIEWI�XLI�UYERXMX]

MRGSVTSVEXIH�MR�EWTLEPX�[MXLSYX�GSQTVSQMWMRK�TIVJSVQERGI�ERH�HYVEFMPMX]��I\TERH�YXMPMWEXMSR�FI]SRH�EWTLEPX�XS�MRGPYHI�GSRGVIXI�

FVMGOW��ERH�QMRI�FEGO«PPMRK�JSV�FVSEHIV�GSEP�[EWXI�ZEPSVMWEXMSR��IRGSYVEKI�GSPPEFSVEXMSR�EQSRK�XVERWTSVX��IRIVK]��ERH

GSRWXVYGXMSR�WIGXSVW��ERH�HIZIPST�REXMSREP�KYMHIPMRIW�[MXL�EHHMXMSREP�XIWXMRK�EGVSWW�HMJJIVIRX�KISPSKMGEP�ERH�GPMQEXMG�VIKMSRW�
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C O A L  P R O C E S S I N G  ·  P R O J E C T  P 2 0 2 4 - 0 1

Circular transformation of carbon ore residues to
building components: technical feasibility and LCA
-RZIWXMKEXSVW��(V�3VIZESKLIRI�)XIVMKLS�-OIPIKFI��4SWXHSGXSVEP�6IWIEVGL�*IPPS[
�ERH�4VSJ��7EQWSR�&EHE��9RMZIVWMX]�SJ�XLI

;MX[EXIVWVERH��7GLSSP�SJ�'LIQMGEP�ERH�1IXEPPYVKMGEP�)RKMRIIVMRK��4VITEVIH�JSV�XLI�'SEPXIGL�6IWIEVGL�%WWSGMEXMSR�

)\IGYXMZI�SZIVZMI[

7SYXL�%JVMGE�KIRIVEXIW�QMPPMSRW�SJ�XSRRIW�SJ�GSEP�TVSGIWWMRK

VIWMHYIW�IEGL�]IEV��GVIEXMRK�PSRK�XIVQ�IRZMVSRQIRXEP�PMEFMPMXMIW�ERH

PSWX�ZEPYI�STTSVXYRMXMIW��%X�XLI�WEQI�XMQI��MRGVIEWMRK�TVIWWYVI

I\MWXW�EGVSWW�XLI�QMRMRK�ERH�MRHYWXVMEP�WIGXSVW�XS�HIZIPST�TVEGXMGEP

[EWXI�YXMPMWEXMSR�TEXL[E]W�XLEX�WYTTSVX�WYWXEMREFMPMX]��VIWSYVGI

I­GMIRG]��ERH�GMVGYPEV�IGSRSQ]�SFNIGXMZIW�

8LMW�TVSNIGX�MRZIWXMKEXIH�XLI�GSRZIVWMSR�SJ�GSEP�[EWXI�ERH

EWWSGMEXIH�MRHYWXVMEP�VIWMHYIW�MRXS�ZEPYI�EHHIH�GSQTSWMXI

QEXIVMEPW�XLVSYKL�E�WXVYGXYVIH�XIGLRSPSK]�HIZIPSTQIRX

TVSKVEQQI��1YPXMTPI�FMRHIV�W]WXIQW��MRGPYHMRK�TSP]QIV�HIVMZIH

GIVEQMG�ERH�SVKERSWMPMGSR�XIGLRSPSKMIW��[IVI�IZEPYEXIH�ERH

STXMQMWIH�XLVSYKL�PEFSVEXSV]�XIWXMRK��XLIVQEP�TVSGIWWMRK�WXYHMIW�

HYVEFMPMX]�EWWIWWQIRX��IRZMVSRQIRXEP�ZEPMHEXMSR��ERH�TMPSX�WGEPI

QERYJEGXYVMRK�XVMEPW�

-RMXMEP�TMPSX�WGEPI�MRZIWXMKEXMSRW�WYGGIWWJYPP]�HIQSRWXVEXIH�XLI

JIEWMFMPMX]�SJ�TVSHYGMRK�PEVKIV�GSQTSWMXI�GSQTSRIRXW�FYX�EPWS

MHIRXM«IH�WGEPI�YT�GLEPPIRKIW�EWWSGMEXIH�[MXL�GVEGOMRK�ERH

HMQIRWMSREP�WXEFMPMX]��8LIWI�«RHMRKW�KYMHIH�XLI�HIZIPSTQIRX�SJ�E

WIGSRH�KIRIVEXMSR�QMRIVEP�EWWMWXIH�GSQTSWMXI�W]WXIQ

MRGSVTSVEXMRK�GSEP�[EWXI��4+1�XEMPMRKW��VIG]GPIH�KPEWW�GYPPIX��ERH�E

PS[�GSWX�;EXIV�+PEWW�FMRHIV��8LI�VIWYPXMRK�GSQTSWMXI�W]WXIQ

WYGGIWWJYPP]�TVSHYGIH�GVEGO�JVII�TMPSX�WGEPI�GSQTSRIRXW

ERH�HIQSRWXVEXIH�JEZSYVEFPI�QIGLERMGEP��HYVEFMPMX]��ERH

IRZMVSRQIRXEP�TIVJSVQERGI�

8LI�TVSNIGX�XLIVIJSVI�IWXEFPMWLIW�E�XIGLRMGEPP]�JIEWMFPI

TEXL[E]�JSV�XVERWJSVQMRK�QYPXMTPI�MRHYWXVMEP�[EWXI�WXVIEQW

MRXS�ZEPYI�EHHIH�IRKMRIIVMRK�QEXIVMEPW�WYMXEFPI�JSV�JYVXLIV

MRHYWXVMEP�IZEPYEXMSR�

TECHNOLOGY DEVELOPMENT PATHWAY

2

Thermal optimisation

8��ERH�8��VSYXIW�XS�MQTVSZI

HIRWM«GEXMSR�ERH

TIVJSVQERGI�

3

Environmental validation

(YVEFMPMX]��GLIQMGEP

VIWMWXERGI�ERH�PIEGLMRK

GSR«VQIH�WXEFMPMX]�

4

First pilot-scale

:EPMHEXIH�QERYJEGXYVEFMPMX]

FYX�VIZIEPIH�WGEPI�YT

PMQMXEXMSRW�

5

Second-generation
composite

'SEP��4+1�XEMPMRKW��KPEWW

GYPPIX�ERH�;EXIV�+PEWW

SZIVGEQI�WGEPI�YT

GLEPPIRKIW�

KEY POINT

8LI�TVSNIGX�TVSKVIWWIH�XLVSYKL�E�WXVYGXYVIH�XIGLRSPSK]�HIZIPSTQIRX�TEXL[E]�XLEX�W]WXIQEXMGEPP]�VIHYGIH�XIGLRMGEP�

IRZMVSRQIRXEP��ERH�WGEPI�YT�VMWOW��8LI�WYGGIWWJYP�XVERWMXMSR�JVSQ�PEFSVEXSV]�WGEPI�HIZIPSTQIRX�XS�GVEGO�JVII�TMPSX�WGEPI

GSQTSWMXI�TVSHYGXMSR�IWXEFPMWLIH�E�WXVSRK�JSYRHEXMSR�JSV�JYXYVI�MRHYWXVMEP�HIQSRWXVEXMSR�ERH�GSQQIVGMEP�IZEPYEXMSR�

10

1

Binder development

1YPXMTPI�FMRHIV�W]WXIQW

IZEPYEXIH�JSV�GSQTSWMXI

QERYJEGXYVI�
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C O A L  P R O C E S S I N G  ·  C A R B O N  O R E  R E S I D U E S  T O  B U I L D I N G  C O M P O N E N T S  ( C ONT INU E D )

8IGLRMGEP�TIVJSVQERGI�ERH�ZEPMHEXMSR

8LI�HIZIPSTIH�GSQTSWMXI�W]WXIQW�[IVI�WYFNIGXIH�XS

GSQTVILIRWMZI�TL]WMGEP��QIGLERMGEP��XLIVQEP��HYVEFMPMX]��ERH

IRZMVSRQIRXEP�TIVJSVQERGI�IZEPYEXMSRW��8LI�VIWYPXW�HIQSRWXVEXIH

WXVSRK�VIPEXMSRWLMTW�FIX[IIR�JSVQYPEXMSR�GSQTSWMXMSR��XLIVQEP

TVSGIWWMRK�GSRHMXMSRW��HIRWM«GEXMSR�FILEZMSYV��ERH�«REP

GSQTSWMXI�TIVJSVQERGI��8LI�FIWX�TIVJSVQMRK�JSVQYPEXMSR��7��

TVSHYGIH�GVEGO�JVII�TMPSX�WGEPI�GSQTSRIRXW�[MXL�E�GSQTVIWWMZI

WXVIRKXL�SJ�������14E�ERH�PS[�[EXIV�EFWSVTXMSR�

)RZMVSRQIRXEP�ZEPMHEXMSR��)7+�ERH�GMVGYPEV�IGSRSQ]

)RZMVSRQIRXEP�TIVJSVQERGI�[EW�E�GVMXMGEP�GSQTSRIRX�SJ�XLI

XIGLRSPSK]�HIZIPSTQIRX�TVSKVEQQI��'SQTVILIRWMZI�GLIQMGEP

VIWMWXERGI��HYVEFMPMX]��8S\MGMX]�'LEVEGXIVMWXMG�0IEGLMRK�4VSGIHYVI

�8'04
��ERH�PIEGLMRK�EWWIWWQIRXW�[IVI�GSRHYGXIH�

)RZMVSRQIRXEP�EWWIWWQIRXW�HIQSRWXVEXIH�KIRIVEPP]�PS[

GSRXEQMRERX�QSFMPMX]�YRHIV�RIYXVEP�I\TSWYVI�GSRHMXMSRW��[LMPI

QEXVM\�HIRWM«GEXMSR�ERH�WMPMGEXI�RIX[SVO�HIZIPSTQIRX�GSRXVMFYXIH

XS�IJJIGXMZI�MQQSFMPMWEXMSR�SJ�MRSVKERMG�GSRWXMXYIRXW�[MXLMR�XLI

GSQTSWMXI�WXVYGXYVI�

8LI�TVSNIGX�HIQSRWXVEXIH�XLEX�GSEP�[EWXI�ERH�EWWSGMEXIH

MRHYWXVMEP�VIWMHYIW�GER�FI�GSRZIVXIH�MRXS�IRZMVSRQIRXEPP]�WXEFPI

IRKMRIIVMRK�QEXIVMEPW��EHZERGMRK�)7+�SFNIGXMZIW��VIWSYVGI

VIGSZIV]��[EWXI�VIHYGXMSR�ERH�GMVGYPEV�IGSRSQ]�SYXGSQIW�

7XVEXIKMG�VSEHQET�ERH�RI\X�WXITW

8LI�TVSNIGX�WYGGIWWJYPP]�TVSKVIWWIH�JVSQ�PEFSVEXSV]�WGEPI

HIZIPSTQIRX�XS�TMPSX�WGEPI�ZEPMHEXMSR��0EFSVEXSV]�HIZIPSTQIRX�

IRZMVSRQIRXEP�ZEPMHEXMSR�ERH�TMPSX�WGEPI�HIQSRWXVEXMSR�EVI

GSQTPIXI��MRHYWXVMEP�HIQSRWXVEXMSR�MW�XLI�RI\X�TLEWI��[MXL

GSQQIVGMEP�IZEPYEXMSR�XS�JSPPS[��2I\X�TLEWI�VIUYMVIQIRXW�MRGPYHI

MRHYWXVMEP�WGEPI�HIQSRWXVEXMSR��TVSHYGX�GIVXM«GEXMSR�ERH

GSQTPMERGI�XIWXMRK��PSRK�XIVQ�«IPH�TIVJSVQERGI�ZEPMHEXMSR��ERH

MRHYWXVMEP�TEVXRIVWLMT�HIZIPSTQIRX�

Performance highlights

Pilot-scale component 240 × 60 × 18 mm

Best compressive strength (S1) 29.53 MPa

Structural integrity Crack-free

Environmental validation Completed

Feedstocks: coal waste, PGM tailings, recycled glass cullet and a low-cost
Water Glass (sodium silicate) binder.

VA LUE PRO PO S IT IO N

8LI�XIGLRSPSK]�GSRZIVXIH�GSEP�[EWXI��4+1�XEMPMRKW��VIG]GPIH

KPEWW�ERH�;EXIV�+PEWW�FMRHIV�MRXS�WXVYGXYVEPP]�WXEFPI

GSQTSWMXI�TVSHYGXW��4MPSX�WGEPI�ZEPMHEXMSR�GSR«VQIH�XLI

JIEWMFMPMX]�SJ�TVSHYGMRK�ZEPYI�EHHIH�IRKMRIIVMRK�QEXIVMEPW

JVSQ�TVIHSQMRERXP]�[EWXI�HIVMZIH�JIIHWXSGOW��[MXL�GPIEV

TSXIRXMEP�JSV�JYXYVI�MRHYWXVMEP�HITPS]QIRX�[MXLMR�XLI�QMRMRK�

GSRWXVYGXMSR�ERH�[EWXI�QEREKIQIRX�WIGXSVW�
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R E S E A R C H  I N  A C T I O N  ·  F O C U S  A R E A

Surface Environment
Cleaner water, recovered resources and

productive rehabilitated land: research that

reduces the environmental footprint of mining and

reimagines closure.

Micro-algal carbon capture  ·  Carbon farming model  ·  Regenerative crop and

livestock model  ·  Continuous eutectic freeze crystallisation
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S U R FA C E  E N V I R O N M E N T

Micro-algal systems for carbon capture and
energy recovery from mine wastewaters
Karen Ssekimpi, Juarez Amaral-Filho, Nodumo Zulu and Susan T.L. Harrison. Centre for Bioprocess Engineering Research (CeBER),

Department of Chemical Engineering, University of Cape Town.

1MGVS�EPKEI��JSYRH�GSQQSRP]�MR�GSEP�QMRMRK�VIKMSRW�GER�FI�YWIH

XS�PIWWIR�IRZMVSRQIRXEP�FYVHIR�SJ�'3��IQMWWMSRW��QMRI�[EXIV

EGMHM«GEXMSR�ERH�QIXEP�HITSVXQIRX�ERH�PSWWIW��[LMPI�EPWS

TSXIRXMEPP]�TVSZMHMRK�EHHMXMSREP�TVSHYGXW��MRGPYHMRK�FMSIRIVK]��8LMW

MW�WLS[R�HMEKVEQQEXMGEPP]�MR�*MK����

'SEP�FEWIH�IRIVK]�TVSHYGXMSR�MW�VIGSKRMWIH�XS�GSRXVMFYXI

WMKRM«GERXP]�XS�GEVFSR�HMS\MHI��'3₂
�IQMWWMSRW�[LMPI�QMRMRK�ERH

TVSGIWWMRK�XLI�GSEP�QE]�PIEH�XS�QMRI�[EWXI[EXIV�ERH�PIEGLEXI

WXVIEQW�GSRXEQMREXIH�[MXL�HMWWSPZIH�QIXEPW�ERH�WEPXW��8LIWI

[EWXI[EXIV�WXVIEQW��TEVXMGYPEVP]�EGMH�QMRI�HVEMREKI��%1(
�

TVIWIRX�E�QENSV�IRZMVSRQIRXEP�GLEPPIRKI��8LMW�VIWIEVGL

MRZIWXMKEXIW�QMGVSEPKEP�XIGLRSPSK]�EW�E�WYWXEMREFPI�ETTVSEGL�XS

QMXMKEXI�'3��IQMWWMSRW�XLVSYKL�GEVFSR�GETXYVI�MRXS�QMGVSEPKEP

FMSQEWW�ERH�G]GPMRK�XLVSYKL�FMSIRIVK]�JSVQW�[MXL�WMQYPXERISYW

VIQIHMEXMSR�SJ�QIXEP�GSRXEQMREXIH�QMRI�[EXIVW��*MK���
��8LI

IRIVK]�ERH�QIXEP�VIGSZIV]�TVSZMHI�E�GMVGYPEV�IGSRSQ]�JVEQI[SVO�

[MXL�TSXIRXMEP�JSV�SXLIV�WIGSRHEV]�TVSHYGXW�

3YV�[SVO�LEW�GLEVEGXIVMWIH�QSVI�XLER����QMGVSEPKEP�MWSPEXIW�JVSQ

XLI�1TYQEPERKE�ERH�+EYXIRK�VIKMSRW�XS�MHIRXMJ]�OI]�IRHIQMG

WTIGMIW�[MXL�LMKL�'3��YTXEOI�VEXIW�ERH�XLI�EFMPMX]�XS�GSRGIRXVEXI

QIXEPW�JVSQ�WSPYXMSR��*MKYVI��
��8LMW�WXYH]�FYMPHW�SR�XLI

GLEVEGXIVMWEXMSR�SJ�IRHIQMG�QMGVSEPKEI�F]�JSGYWMRK�SR�YWMRK�ER

MRHMKIRSYW�QMGVSEPKEP�TSP]GYPXYVI�GSQTSWIH�SJ�JSYV�WXVEMRW

MWSPEXIH�JVSQ�XLI�1TYQEPERKE�ERH�+EYXIRK�VIKMSRW��WIPIGXIH�JSV

XLIMV�TSXIRXMEP�XS�VETMHP]�EWWMQMPEXI�GEVFSR�MRXS�FMSQEWW�ERH�XS

EGGYQYPEXI�QIXEPW��%R�MWSPEXI�[MXL�TEVXMGYPEVP]�I­GMIRX�YWI�SJ�XLI

RMXVSKIR�WSYVGI�[EW�EPWS�MRGPYHIH�

8LI�TSP]GYPXYVI�[EW�GYPXMZEXIH�YRHIV�ZEV]MRK�QIXEP�GSRGIRXVEXMSRW�

%�VITVIWIRXEXMZI�QIXEP�PEHIR�QMRI�[EXIV�WEQTPI�JVSQ�XLI�VIKMSR

[EW�WLS[R�XS�GSRXEMR������QK�0�%P�������QK�0�'H��������QK�0�'V�

�����QK�0�*I�������QK�0�4F������QK�0�1R�������QK�0�,K�������QK�0

2M�ERH������QK�0�>R��7MQYPEXIH�QIXEP�PEHIR�[EXIVW�[IVI�YWIH

GSRXEMRMRK�SRI�JSPH��«ZI�JSPH�ERH����JSPH�XLIWI�GSRGIRXVEXMSRW�MR

XLI�TSP]GYPXYVI�GYPXMZEXMSR��YWMRK�FSXL�EMVPMJX�TLSXSFMSVIEGXSVW�ERH

SYXHSSV�VEGI[E]�TSRH�W]WXIQW��8LVSYKL�XLIWI�GYPXMZEXMSRW��[I

IZEPYEXIH�XLI�VIWMPMIRGI�SJ�XLI�QMGVSEPKEI�XS�QIXEP�WXVIWW�

XLIMV�EFMPMX]�XS�EGGYQYPEXI�QIXEPW��ERH�XLI�JIEWMFMPMX]�SJ

GSRZIVXMRK�XLI�VIWYPXMRK�FMSQEWW�MRXS�VIRI[EFPI�IRIVK]�SV�SXLIV

ZEPYEFPI�TVSHYGXW�

*MKYVI����1MGVSEPKEP�TSP]GYPXYVIW�LEZI�TSXIRXMEP�XS�VIQIHMEXI�QIXEP�PEHIR�QMRI
[EXIVW�XS�«X�JSV�TYVTSWI�[EXIV��IREFPI�GEVFSR�GETXYVI�ERH�G]GPMRK�XS�FMSIRIVK]
ERH�VIGSZIV�QIXEPW�

*MKYVI����1MGVSEPKEP�TSP]GYPXYVIW�KVS[MRK�MR�PEF�EMVPMJX�FMSVIEGXSVW��TMPSX
VEGI[E]W�ERH�PEVKI�WGEPI�VEGI[E]W�
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)\TIVMQIRXEP�VIWYPXW�WLS[IH�XLEX�XLI�JSVQYPEXIH�TSP]GYPXYVI

WLS[IH�WYWXEMRIH�KVS[XL�EX�QIXEP�GSRGIRXVEXMSRW�YT�XS�«ZI�XMQIW

LMKLIV�XLER�XLSWI�TVIWIRX�MR�XLI�SVMKMREP�%1(�WEQTPI�[MXL�RS

HIGVIEWI�MR�FMSQEWW�GSRGIRXVEXMSRW�ERH�GEVFSR�EWWMQMPEXMSR

VIEPMWIH�GSQTEVIH�[MXL�XLI�GSRXVSP��%X�XIRJSPH�QIXEP

GSRGIRXVEXMSRW��E�HIGVIEWI�MR�KVS[XL�VEXI�ERH�FMSQEWW

EGGYQYPEXMSR�[EW�SFWIVZIH��EGGSQTERMIH�F]�GLERKIW�MR�XLI�EPKEP

FMSQEWW�TVS«PI��-X�MW�I\TIGXIH�XLEX�%HETXMZI�0EFSVEXSV]�)ZSPYXMSR

�%0)
�SJ�XLI�QMGVSEPKEP�TSP]GYPXYVI�[MPP�IREFPI�IZIR�FIXXIV

XSPIVERGI�SJ�QIXEPW��8IWXMRK�XLMW�MW�TPERRIH�MR�GSRXMRYEXMSR�WXYHMIW�

7MQMPEVP]�I\TSWYVI�XS�MRGVIEWMRKP]�EGMHMG�[EXIVW�JSVQW�TEVX�SJ�SYV

TPERRIH�GSRXMRYMRK�[SVO�

1IXEP�YTXEOI�MRXS�XLI�EPKEP�FMSQEWW�SJ�XLI�TSP]GYPXYVI�[EW

HIQSRWXVEXIH�EGVSWW�EPP�XIWXIH�QIXEP�GSRGIRXVEXMSRW�

&MSGSRGIRXVEXMSR�JEGXSVW�SJ�XLI�QIXEPW�SJ�����XS���[IVI�JSYRH�JSV

XLI�QIXEP�QM\�VITVIWIRXMRK�XLI�QMRI�[EXIV�WEQTPI��WLS[R�MR�*MK����

8LIWI�[IVI�QEMRXEMRIH�MR�XLI�VERKI�����XS���JSV�«ZI�JSPH�QIXEP

GSRGIRXVEXMSR�ERH�JSV����JSPH�GSRGIRXVEXMSR�[MXL�XLI�I\GITXMSR�SJ

1R��,K�ERH�2M�[LIVI�GSRGIRXVEXMSR�[EW�PS[IV��8LIWI�VIWYPXW�WLS[

ER�MRGVIEWMRK�PSEHMRK�SJ�QIXEPW�SRXS�XLI�EPKEP�FMSQEWW�[MXL

MRGVIEWMRK�QIXEP�GSRGIRXVEXMSR��-X�GER�FI�EWWYQIH�XLEX�XLI

FMSQEWW�VIEGLIH�GETEGMX]�JSV�XLI����JSPH�GSRGIRXVEXMSR�JSV�1R��,K

ERH�2M��8LIWI�FMSGSRGIRXVEXMSR�PIZIPW�EVI�GSRWMWXIRX�[MXL�QYGL

MQTVSZIH�[EXIV�UYEPMX]��FSXL�MR�XIVQW�SJ�QIXEP�GSRGIRXVEXMSRW

ERH�T,�

8LI�QMGVSEPKEP�FMSQEWW�KIRIVEXIH�[EW�GLEVEGXIVMWIH�XS

HIXIVQMRI�TSXIRXMEP�JSV�TVSGIWWMRK�XS�TVSHYGXW��MR�EHHMXMSR�XS�QIXEP

VIGSZIV]��8LI�TSP]GYPXYVIW�ZEVMIH�FIX[IIR����ERH���	�TVSXIMR

[LIR�KVS[R�MR�XLI�TVIWIRGI�SJ�RS�XS�«ZI�JSPH�QIXEP�GSRXIRX�

VEMWMRK�TSXIRXMEP�JSV�TVSXIMR�VIGSZIV]��%X����JSPH�QIXEP�GSRXIRX��XLI

TVSXIMR�GSRXIRX�HIGVIEWIH�XS����XS���	��7MQMPEVP]�XLI�TMKQIRX

GSRXIRX�PE]�MR�XLI�VERKI�����XS����	�[LIR�KVS[R�[MXL�RS�QIXEPW�SV

[MXL�E�QIXEP�GSRGIRXVEXMSR�X]TMGEP�SJ�%1(��FYX�HIGVIEWIH�MR�XLI

TVIWIRGI�SJ�«ZI�JSPH�QIXEPW�ERH�[EW�RIKPMKMFPI�EX����JSPH�QIXEP�

WYKKIWXMRK�XLEX�WMQYPXERISYW�TMKQIRX�TVSHYGXMSR�ERH�QIXEP

VIQSZEP�MR�RSX�TVEGXMGEP�

8LI�TSXIRXMEP�XS�YWI�XLI�FMSQEWW�JSVQIH�EW�E�JIIH�JSV�FMSIRIVK]

[EW�GSRWMHIVIH��*SYV�TSXIRXMEP�VSYXIW�[IVI�IZEPYEXIH��EREIVSFMG

HMKIWXMSR�XS�E�FMSKEW�TVSHYGX��XVERWIWXIVM«GEXMSR�XS�FMSHMIWIP�

L]HVSXLIVQEP�PMUYIJEGXMSR�XS�FMSHMIWIP��ERH�GEXEP]XMG�L]HVSXLIVQEP

KEWM«GEXMSR�XS�FMSKEW��&MSIXLERSP�TVSHYGXMSR�F]�JIVQIRXEXMSR�[EW

RSX�IZEPYEXIH�S[MRK�XS�XLI�PS[�GSRZIVWMSR�SJ�QMGVSEPKEP�GEVFSR�XS

IXLERSP�GEVFSR��,]HVSXLIVQEP�PMUYIJEGXMSR�SJ�ER�EPKEP�WPYVV]�SJ

"��	�FMSQEWW�MW�I\TIGXIH�XS�]MIPH�E�UYEPMX]�FMSGVYHI�TVSHYGX��[MXL

QIXEPW�VITSVXMRK�XS�XLI�WSPMH�TLEWI�JSV�VIGSZIV]��SJJIVMRK�E

TVSQMWMRK�TVSGIWWMRK�VSYXI�

IN  CONCLUSION

-RHMKIRSYW�QMGVSEPKEP�TSP]GYPXYVIW�LEZI�WMKRM«GERX

TSXIRXMEP�JSV�YWI�MR�MRXIKVEXIH�W]WXIQW�XLEX�GSQFMRI

GEVFSR�GETXYVI��[EWXI[EXIV�VIQIHMEXMSR��QIXEP�VIGSZIV]

ERH�FMSQEWW�ZEPSVMWEXMSR��IWTIGMEPP]�XS�FMSIRIVK]�

6IQIHMEXMRK�%1(�YWMRK�EPKEP�FMSXIGLRSPSK]�TVSHYGIW�«X�

JSV�TYVTSWI�[EXIV�[MXLSYX�HIZIPSTMRK�GSTMSYW�WPYHKI�MR�XLI

[EXIV[E]W��7MQYPXERISYWP]��MX�EWWMQMPEXIW�'3���ERH�XLI

FMSQEWW�TVSHYGIH�GER�FI�YWIH�XS�TVSHYGI�FMSIRIVK]�

TVSZMHMRK�E�JYVXLIV�GEVFSR�SJJWIX��8LVSYKL�XLIWI�

GSQTPMERGI�JSV�GPSWYVI�MW�IRLERGIH��[MXL�EGXMZI

GSRXVMFYXMSR�XS�7(+����GPIER�[EXIV�ERH�WERMXEXMSR
�

7(+����EJJSVHEFPI�ERH�VIRI[EFPI�IRIVK]
�ERH�7(+���

�GPMQEXI�EGXMSR
�

3YXHSSV�VEGI[E]�TSRH�GYPXMZEXMSR�SJ�XLI�QMGVSEPKEP�TSP]GYPXYVI�
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S U R FA C E  E N V I R O N M E N T

Carbon farming model for rehabilitated coal mined land
Prof Wayne F. Truter and Dr Emmanuel Cele (AF4RICA Lab, Enterprises University of Pretoria) and Mr Albert van Zyl (Terrasim).

Introduction

7SYXL�%JVMGE�W�GSEP�QMRMRK�MRHYWXV]�JEGIW�MRGVIEWMRK�TVIWWYVI�XS

HIZIPST�QMRI�GPSWYVI�WXVEXIKMIW�XLEX�I\XIRH�FI]SRH�PIKMWPEXMZI

GSQTPMERGI�ERH�HIPMZIV�QIERMRKJYP�IRZMVSRQIRXEP��WSGMEP�ERH

IGSRSQMG�ZEPYI��%PXLSYKL�GSRZIRXMSREP�VILEFMPMXEXMSR�TVEGXMGIW

LEZI�WYGGIWWJYPP]�VI�IWXEFPMWLIH�ZIKIXEXMSR�GSZIV�SR�QER]�QMRIH

PERHWGETIW��XLIWI�EVIEW�SJXIR�VIQEMR�GLEVEGXIVMWIH�F]�TSSV�WSMP

LIEPXL��PS[�WSMP�SVKERMG�GEVFSR��73'
��PMQMXIH�FMSPSKMGEP�EGXMZMX]�ERH

VIWXVMGXIH�TSWX�QMRMRK�PERH�YWI�STTSVXYRMXMIW��%X�XLI�WEQI�XMQI�

KVS[MRK�GSQQMXQIRXW�XS�GPMQEXI�GLERKI�QMXMKEXMSR��VIRI[EFPI

IRIVK]�KIRIVEXMSR��IRZMVSRQIRXEP��WSGMEP�ERH�KSZIVRERGI��)7+


TIVJSVQERGI��GEVFSR�WIUYIWXVEXMSR�ERH�7SYXL�%JVMGE�W�.YWX�)RIVK]

8VERWMXMSR�LEZI�GVIEXIH�STTSVXYRMXMIW�XS�VIXLMRO�XLI�JYXYVI�YWI�SJ

VILEFMPMXEXIH�QMRI�PERH�

8LMW�VIWIEVGL�HIZIPSTIH�ERH�IZEPYEXIH�XLI�'EVFSR�*EVQMRK�1SHIP�

ER�MRRSZEXMZI�VILEFMPMXEXMSR�JVEQI[SVO�XLEX�MRXIKVEXIW�FMSQEWW

TVSHYGXMSR��VIRI[EFPI�IRIVK]�KIRIVEXMSR��GEVFSR�WIUYIWXVEXMSR�

WSMP�VIKIRIVEXMSR�ERH�RYXVMIRX�VIG]GPMRK�[MXLMR�E�GMVGYPEV�GEVFSR

IGSRSQ]��8LI�QSHIP�JYVXLIV�MRGSVTSVEXIW�XLI�)RXIVTVMWIW

9RMZIVWMX]�SJ�4VIXSVME�7QEVX�*EVQ�-RGYFEXSV��TVSZMHMRK�E

QIGLERMWQ�JSV�GSQQYRMX]�TEVXMGMTEXMSR��IRXIVTVMWI�HIZIPSTQIRX

ERH�WOMPPW�XVERWJIV�SR�VILEFMPMXEXIH�GSEP�QMRI�PERH��8LI�TVMQEV]

SFNIGXMZI�[EW�XS�HIXIVQMRI�[LIXLIV�VILEFMPMXEXIH�QMRI�PERH�GSYPH

FI�XVERWJSVQIH�JVSQ�E�PSRK�XIVQ�IRZMVSRQIRXEP�PMEFMPMX]�MRXS�E

TVSHYGXMZI�IRZMVSRQIRXEP�ERH�WSGMS�IGSRSQMG�EWWIX�GETEFPI�SJ

WYTTSVXMRK�WYWXEMREFPI�QMRI�GPSWYVI�[LMPI�KIRIVEXMRK�VIRI[EFPI

IRIVK]��WXSVMRK�GEVFSR�ERH�GVIEXMRK�RI[�PMZIPMLSSH�STTSVXYRMXMIW�

The research

8LI�WXYH]�[EW�YRHIVXEOIR�YWMRK�E�GSRXVSPPIH�VIWIEVGL�FMR�W]WXIQ

HIWMKRIH�XS�WMQYPEXI�VILEFMPMXEXIH�GSEP�QMRI�WSMPW�YRHIV�VITPMGEXIH

I\TIVMQIRXEP�GSRHMXMSRW��1MRM�P]WMQIXIVW�GSRXEMRMRK�VIGSRWXVYGXIH

XSTWSMP��WYFWSMP�ERH�GSEP�WTSMP�[IVI�IWXEFPMWLIH�ERH�TPERXIH�[MXL

XLVII�LMKL�FMSQEWW�WTIGMIW�WIPIGXIH�JSV�XLIMV�GSQTPIQIRXEV]

GLEVEGXIVMWXMGW�[MXLMR�XLI�'EVFSR�*EVQMRK�1SHIP��ZIXMZIV�KVEWW

�'LV]WSTSKSR�^M^ERMSMHIW
��JSVEKI�WSVKLYQ��7SVKLYQ�FMGSPSV
�ERH

6LSHIW�KVEWW��'LPSVMW�KE]ERE
�

8S�IZEPYEXI�VIKIRIVEXMZI�WSMP�QEREKIQIRX�TVEGXMGIW��X[S

WIGSRHEV]�GEVFSR�MRTYXW�KIRIVEXIH�JVSQ�VIRI[EFPI�IRIVK]

W]WXIQW�[IVI�MRZIWXMKEXIH��&MSGLEV��TVSHYGIH�XLVSYKL�FMSQEWW

T]VSP]WMW��ERH�EREIVSFMG�HMKIWXMSR�HMKIWXEXI�[IVI�MRGSVTSVEXIH�MRXS

VILEFMPMXEXIH�QMRI�WSMPW�XS�EWWIWW�XLIMV�EFMPMX]�XS�MQTVSZI�WSMP

UYEPMX]��MRGVIEWI�FMSQEWW�TVSHYGXMSR�ERH�IRLERGI�PSRK�XIVQ

GEVFSR�WIUYIWXVEXMSR��8VIEXQIRXW�[IVI�EVVERKIH�MR�E�VERHSQMWIH

FPSGO�HIWMKR�[MXL�«ZI�VITPMGEXMSRW��EPPS[MRK�VSFYWX�WXEXMWXMGEP

GSQTEVMWSR�FIX[IIR�YRXVIEXIH�GSRXVSP��FMSGLEV�EQIRHIH�ERH

HMKIWXEXI�EQIRHIH�W]WXIQW�

'SQTVILIRWMZI�FEWIPMRI�WSMP�EREP]WIW�GSR«VQIH�XLEX�XLI

VILEFMPMXEXIH�QMRI�WSMP�I\LMFMXIH�XLI�X]TMGEP�PMQMXEXMSRW�EWWSGMEXIH

[MXL�VIGSRWXVYGXIH�QMRMRK�PERHWGETIW��MRGPYHMRK�PS[�WSMP�SVKERMG

GEVFSR��EGMHMG�T,��TSSV�RYXVMIRX�WXEXYW�ERH�PMQMXIH�GEXMSR�I\GLERKI

GETEGMX]��8LIWI�GSRHMXMSRW�TVSZMHIH�ER�MHIEP�TPEXJSVQ�XS�IZEPYEXI

XLI�VIKIRIVEXMZI�TSXIRXMEP�SJ�GEVFSR�JEVQMRK�MRXIVZIRXMSRW�

*MKYVI����'EVFSR�*EVQMRK�1SHIP�EW�ER�MRXIKVEXIH�PERH�QEREKIQIRX�JVEQI[SVO
GSQFMRMRK�FMSQEWW�TVSHYGXMSR��WSMP�VIKIRIVEXMSR��VIRI[EFPI�IRIVK]�KIRIVEXMSR
ERH�GEVFSR�VIG]GPMRK�

*MKYVI����:IKIXEXMSR�WTIGMIW�WIPIGXIH�JSV�TVMQEV]�GEVFSR�MRTYXW��E��:IXMZIV
KVEWW��F��%RRYEP�WSVKLYQ��G��6LSHIW�KVEWW�
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8LI�VIWIEVGL�HIQSRWXVEXIH�XLEX�VILEFMPMXEXIH�QMRI�PERH�GER

WYGGIWWJYPP]�WYTTSVX�TVSHYGXMZI�FMSQEWW�W]WXIQW�[LIR

ETTVSTVMEXI�WSMP�VIKIRIVEXMSR�WXVEXIKMIW�EVI�MQTPIQIRXIH��%GVSWW

EPP�WTIGMIW��HMKIWXEXI�ERH�FMSGLEV�WMKRM«GERXP]�MQTVSZIH�TPERX

TIVJSVQERGI�GSQTEVIH�[MXL�YRXVIEXIH�GSRXVSPW��(MKIWXEXI

GSRWMWXIRXP]�TVSHYGIH�XLI�KVIEXIWX�FMSQEWW�VIWTSRWI�S[MRK�XS

MQTVSZIH�RYXVMIRX�EZEMPEFMPMX]�ERH�IRLERGIH�QMGVSFMEP�EGXMZMX]�

:IXMZIV�EGLMIZIH�XLI�LMKLIWX�EFSZI�KVSYRH�FMSQEWW�TVSHYGXMSR�

VIEGLMRK�ETTVS\MQEXIP]����X�LE⁻z��[LMPI�6LSHIW�KVEWW�TVSHYGIH

ETTVS\MQEXIP]����X�LE⁻z�ERH�JSVEKI�WSVKLYQ�ETTVS\MQEXIP]����X

LE⁻z�YRHIV�STXMQEP�XVIEXQIRX�GSRHMXMSRW�

3RI�SJ�XLI�QSWX�WMKRM«GERX�«RHMRKW�SJ�XLI�WXYH]�[EW�XLI

I\GITXMSREP�GSRXVMFYXMSR�SJ�FIPS[�KVSYRH�FMSQEWW�XS�IGSW]WXIQ

VIWXSVEXMSR��:IXMZIV�HIZIPSTIH�XLI�PEVKIWX�ERH�HIITIWX�VSSX

W]WXIQW��TVSHYGMRK�QSVI�XLER����X�LE⁻z�SJ�VSSX�FMSQEWW�YRHIV

HMKIWXEXI�XVIEXQIRX��8LIWI�I\XIRWMZI�VSSX�W]WXIQW�WYFWXERXMEPP]

MRGVIEWIH�FIPS[�KVSYRH�GEVFSR�MRTYXW��MQTVSZIH�WSMP�EKKVIKEXMSR�

IRLERGIH�[EXIV�MR«PXVEXMSR�ERH�EGGIPIVEXIH�WSMP�SVKERMG�GEVFSR

EGGYQYPEXMSR��6LSHIW�KVEWW�EPWS�HIQSRWXVEXIH�WXVSRK�VSSX

HIZIPSTQIRX��[LMPI�WSVKLYQ�TVSZMHIH�QSHIVEXI�VSSX�FMSQEWW

GSQFMRIH�[MXL�WYTIVMSV�VIRI[EFPI�IRIVK]�GLEVEGXIVMWXMGW�

8LI�VIRI[EFPI�IRIVK]�GSQTSRIRX�JYVXLIV�HIQSRWXVEXIH�XLEX

VILEFMPMXEXIH�QMRI�PERH�GER�GSRXVMFYXI�QIERMRKJYPP]�XS�7SYXL

%JVMGE�W�PS[�GEVFSR�IRIVK]�JYXYVI��&MSQIXLERI�TSXIRXMEP�XIWXMRK

WLS[IH�XLEX�JSVEKI�WSVKLYQ�TVSHYGIH�XLI�LMKLIWX�QIXLERI

GSRZIVWMSR�I­GMIRG]��EGLMIZMRK�FMSQIXLERI�]MIPHW�I\GIIHMRK��

����Qt�',₄�LE⁻z�YRHIV�HMKIWXEXI�XVIEXQIRX��6LSHIW�KVEWW

KIRIVEXIH�XLI�KVIEXIWX�SZIVEPP�IRIVK]�SYXTYX�S[MRK�XS�MXW

GSQFMREXMSR�SJ�LMKL�FMSQEWW�TVSHYGXMSR�ERH�JEZSYVEFPI�JIIHWXSGO

UYEPMX]��[LMPI�ZIXMZIV�EPWS�TVSHYGIH�WYFWXERXMEP�VIRI[EFPI�IRIVK]

HIWTMXI�MXW�LMKLIV�PMKRMR�GSRXIRX�

8LI�WXYH]�EPWS�GSR«VQIH�XLI�MQTSVXERX�VSPI�SJ�FMSGLEV�ERH

HMKIWXEXI�EW�VIKIRIVEXMZI�WSMP�EQIRHQIRXW��(MKIWXEXI�IRLERGIH

RYXVMIRX�G]GPMRK��QMGVSFMEP�EGXMZMX]�ERH�ZIKIXEXMSR�TVSHYGXMZMX]�

[LIVIEW�FMSGLEV�MQTVSZIH�WSMP�WXVYGXYVI��[EXIV�LSPHMRK�GETEGMX]�

T,�FYJJIVMRK�ERH�PSRK�XIVQ�GEVFSR�WXEFMPMX]��8LIMV�GSQFMRIH

ETTPMGEXMSR�HIQSRWXVEXIH�LS[�VIRI[EFPI�IRIVK]�F]�TVSHYGXW�GER

FI�VIG]GPIH�FEGO�MRXS�VILEFMPMXEXIH�WSMPW�EW�ZEPYEFPI�VIWSYVGIW

VEXLIV�XLER�[EWXI�TVSHYGXW��XLIVIF]�GPSWMRK�RYXVMIRX�ERH�GEVFSR

G]GPIW�[MXLMR�E�GMVGYPEV�GEVFSR�IGSRSQ]�

4IVLETW�XLI�QSWX�MQTSVXERX�MRRSZEXMSR�[EW�XLI�WYGGIWWJYP

ZEPMHEXMSR�SJ�XLI�'EVFSR�*EVQMRK�1SHIP�MXWIPJ��8LI�VIWIEVGL

HIQSRWXVEXIH�E�GSQTPIXI�GMVGYPEV�GEVFSR�TEXL[E]�MR�[LMGL

EXQSWTLIVMG�GEVFSR�MW�GETXYVIH�F]�ZIKIXEXMSR�XLVSYKL

TLSXSW]RXLIWMW��GSRZIVXIH�MRXS�FMSQEWW��XVERWJSVQIH�MRXS

VIRI[EFPI�IRIVK]�XLVSYKL�EREIVSFMG�HMKIWXMSR�SV�T]VSP]WMW��ERH

XLIR�VIXYVRIH�XS�XLI�WSMP�EW�HMKIWXEXI�ERH�FMSGLEV��&I]SRH�XLI

IRZMVSRQIRXEP�FIRI«XW��XLI�QSHIP�GVIEXIW�STTSVXYRMXMIW�JSV

FMSQEWW�TVSHYGXMSR�IRXIVTVMWIW��VIRI[EFPI�IRIVK]�KIRIVEXMSR�

FMSGLEV�TVSHYGXMSR��GEVFSR�GVIHMX�HIZIPSTQIRX��JIIHWXSGO�WYTTP]

GLEMRW�ERH�VIKIRIVEXMZI�EKVMGYPXYVI��8LVSYKL�MRXIKVEXMSR�[MXL�XLI

7QEVX�*EVQ�-RGYFEXSV��VILEFMPMXEXIH�QMRI�PERH�GER�FIGSQI�E

TPEXJSVQ�JSV�IRXIVTVMWI�MRGYFEXMSR��GSQQYRMX]�TEVXMGMTEXMSR��WOMPPW

HIZIPSTQIRX�ERH�IQTPS]QIRX�GVIEXMSR�

Table 1. Biomethane production potential of the three test
species.

Species Renewable energy outcome

Forage
sorghum

,MKLIWX�QIXLERI�GSRZIVWMSR�I­GMIRG]��"�����
Qt�',₄�LE⁻z�

Rhodes
grass

+VIEXIWX�SZIVEPP�IRIVK]�SYXTYX�

Vetiver grass
7YFWXERXMEP�IRIVK]�HIWTMXI�LMKLIV�PMKRMR��FIWX
JSV�GEVFSR�WIUYIWXVEXMSR�

CONCLUSION

6ILEFMPMXEXIH�GSEP�QMRI�PERH�GER�FI�XVERWJSVQIH�MRXS

TVSHYGXMZI�PERHWGETIW�XLEX�WMQYPXERISYWP]�WYTTSVX

IRZMVSRQIRXEP�VIWXSVEXMSR��VIRI[EFPI�IRIVK]�KIRIVEXMSR�

GEVFSR�WIUYIWXVEXMSR�ERH�WSGMS�IGSRSQMG�HIZIPSTQIRX�

8LI�'EVFSR�*EVQMRK�1SHIP�TVSZMHIW�E�WGMIRXM«GEPP]

ZEPMHEXIH�JVEQI[SVO��TSWMXMSRMRK�VILEFMPMXEXIH�PERH�EW�E

ZEPYEFPI�GSRXVMFYXSV�XS�7SYXL�%JVMGE�W�GPMQEXI�VIWMPMIRGI�

GMVGYPEV�IGSRSQ]�ERH�WYWXEMREFPI�VYVEP�HIZIPSTQIRX�

*MKYVI����7IEWSREP�WSMP�SVKERMG�GEVFSR��73'
�	�SJ�WTIGMIW�XVIEXIH�[MXL�FMSGLEV
ERH�ZIXMZIV��1IERW�[MXL�XLI�WEQI�PIXXIV�EVI�RSX�WMKRM«GERXP]�HMJJIVIRX�EX�4"����
�8YOI]�W�7XYHIRXM^IH�6ERKI�8IWX
�
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A regenerative integrated crop and livestock
model for sustainable mine closure
Prof Wayne F. Truter and Dr Emmanuel N. Cele. AF4RICA Lab, Enterprises University of Pretoria.

Introduction

7SYXL�%JVMGE�TSWWIWWIW�XLSYWERHW�SJ�LIGXEVIW�SJ�VILEFMPMXEXIH

WYVJEGI�GSEP�QMRIW�XLEX�[IVI�LMWXSVMGEPP]�TVSHYGXMZI�EKVMGYPXYVEP

PERH��;LMPI�PIKMWPEXMZI�QMRI�VILEFMPMXEXMSR�VIUYMVIQIRXW�LEZI

WYGGIWWJYPP]�IWXEFPMWLIH�WXEFPI�PERHJSVQW�ERH�ZIKIXEXMSR�GSZIV�

QER]�VILEFMPMXEXIH�EVIEW�VIQEMR�YRHIVYXMPMWIH�ERH�JEMP�XS�KIRIVEXI

QIERMRKJYP�PSRK�XIVQ�IGSRSQMG�ZEPYI�JSV�WYVVSYRHMRK

GSQQYRMXMIW��'SRWIUYIRXP]��XLIVI�MW�ER�MRGVIEWMRK�RIIH�XS

XVERWJSVQ�QMRI�GPSWYVI�JVSQ�E�GSQTPMERGI�I\IVGMWI�MRXS

E�TVSGIWW�XLEX�VIWXSVIW�TVSHYGXMZI�PERHWGETIW�GETEFPI�SJ

WYTTSVXMRK�EKVMGYPXYVI��FMSHMZIVWMX]��VYVEP�PMZIPMLSSHW�ERH�VIKMSREP

IGSRSQMG�HIZIPSTQIRX�

8LMW�'SEPXIGL�TVSNIGX�MRZIWXMKEXIH�XLI�JIEWMFMPMX]�SJ�MQTPIQIRXMRK

VIKIRIVEXMZI�MRXIKVEXIH�GVST�PMZIWXSGO�TVSHYGXMSR�W]WXIQW�SR

VILEFMPMXEXIH�QMRI�PERH�[MXL�HMJJIVIRX�PERH�GETEFMPMX]�GPEWWIW��8LI

WXYH]�IZEPYEXIH�[LIXLIV�VILEFMPMXEXIH�TEWXYVIW�GER�WYWXEMREFP]

WYTTSVX�PMZIWXSGO�TVSHYGXMSR�[LMPI�WMQYPXERISYWP]�MQTVSZMRK

IGSW]WXIQ�JYRGXMSRMRK�ERH�GVIEXMRK�ZMEFPI�TSWX�GPSWYVI�FYWMRIWW

STTSVXYRMXMIW��&]�GSQFMRMRK�IGSPSKMGEP�EWWIWWQIRX��JSVEKI�UYEPMX]

IZEPYEXMSR�ERH�IGSRSQMG�QSHIPPMRK��XLI�VIWIEVGL�TVSZMHIW�E

TVEGXMGEP�JVEQI[SVO�JSV�GSRZIVXMRK�VILEFMPMXEXIH�QMRI�PERHWGETIW

MRXS�TVSHYGXMZI�EKVMGYPXYVEP�EWWIXW�

The research

8LI�TVSNIGX�GSRWMWXIH�SJ�X[S�GSQTPIQIRXEV]�VIWIEVGL

GSQTSRIRXW�YRHIVXEOIR�EGVSWW�WIZIVEP�VILEFMPMXEXIH�GSEP�QMRIW

[MXLMR�XLI�1TYQEPERKE�'SEP«IPHW��8LI�«VWX�GSQTSRIRX�EWWIWWIH

KVE^MRK�GETEGMX]�ERH�ZIPH�GSRHMXMSR�EGVSWW�VILEFMPMXEXMSR�WMXIW�SJ

HMJJIVIRX�EKIW��:IKIXEXMSR�WYVZI]W�[IVI�YRHIVXEOIR�YWMRK

VIGSKRMWIH�7SYXL�%JVMGER�ZIPH�EWWIWWQIRX�QIXLSHSPSKMIW�XS

HIXIVQMRI�IGSPSKMGEP�GSRHMXMSR��FEWEP�GSZIV��WTIGMIW�GSQTSWMXMSR

ERH�KVE^MRK�TSXIRXMEP�

7SMP�JIVXMPMX]��RYXVMIRX�EZEMPEFMPMX]�ERH�TEWXYVI�TVSHYGXMZMX]�[IVI

IZEPYEXIH�XS�HIXIVQMRI�LS[�VILEFMPMXEXMSR�EKI�MR¬YIRGIW

EKVMGYPXYVEP�GETEFMPMX]��6IWYPXW�HIQSRWXVEXIH�XLEX�IGSPSKMGEP

GSRHMXMSR�KIRIVEPP]�MQTVSZIH�[MXL�VILEFMPMXEXMSR�EKI��[MXL�SPHIV

VILEFMPMXEXMSR�WMXIW�I\LMFMXMRK�KVIEXIV�FEWEP�GSZIV��MQTVSZIH�WTIGMIW

GSQTSWMXMSR�ERH�LMKLIV�KVE^MRK�TSXIRXMEP�XLER�]SYRKIV�WMXIW��&EWEP

GSZIV�I\GIIHIH�EGGITXIH�7SYXL�%JVMGER�VILEFMPMXEXMSR

FIRGLQEVOW�EGVSWW�QSWX�WMXIW��MRHMGEXMRK�XLEX�[IPP�QEREKIH

VILEFMPMXEXIH�KVEWWPERHW�GER�WYGGIWWJYPP]�HIZIPST�MRXS�JYRGXMSREP

KVE^MRK�IGSW]WXIQW�

8LI�WIGSRH�GSQTSRIRX�IZEPYEXIH�XLI�TVSHYGXMZMX]�ERH�RYXVMXMSREP

ZEPYI�SJ�VILEFMPMXEXIH�KVE^MRK�W]WXIQW�XLVSYKL�HIXEMPIH�JSVEKI

UYEPMX]�EWWIWWQIRXW��4EVEQIXIVW�MRGPYHMRK�GVYHI�TVSXIMR��«FVI

JVEGXMSRW��QMRIVEP�GSQTSWMXMSR��HMKIWXMFMPMX]�ERH�GSRWXMXYIRXW�SJ

TSXIRXMEP�GSRGIVR�[IVI�EREP]WIH�YWMRK�GSRZIRXMSREP�[IX�GLIQMWXV]

XIGLRMUYIW�XSKIXLIV�[MXL�RIEV�MRJVEVIH�WTIGXVSWGST]��2-67
��8LI

WXYH]�HIQSRWXVEXIH�XLEX�2-67�TVSHYGIH�VIWYPXW�GPSWIP]

GSQTEVEFPI�XS�GSRZIRXMSREP�PEFSVEXSV]�QIXLSHW��ZEPMHEXMRK�MXW

ETTPMGEXMSR�EW�E�VETMH��GSWX�IJJIGXMZI�«IPH�QSRMXSVMRK�XIGLRSPSK]

JSV�QMRI�VILEFMPMXEXMSR�TVSKVEQQIW�

*MKYVI����%��>IVS�KVE M̂RK��RS�WXSGOMRK�VEXI��&��3TXMQEP�KVE M̂RK�W]WXIQ�WXSGOMRK
VEXIW��'��,MKL�HIRWMX]�KVE M̂RK�W]WXIQ�WXSGOMRK�VEXIW�

*MKYVI����0SGEXMSR�SJ�WYVJEGI�GSEP�QMRIW��%��&�ERH�'
�MR�1TYQEPERKE�4VSZMRGI�
[MXLMR�[LMGL�HMJJIVIRXP]�EKIH��VILEFMPMXEXIH�WMXIW�[IVI�GLSWIR�
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2YXVMXMSREP�EREP]WIW�MRHMGEXIH�XLEX�JSVEKI�UYEPMX]�ZEVMIH�EGGSVHMRK

XS�VILEFMPMXEXMSR�EKI��WIEWSREP�GSRHMXMSRW�ERH�KVE^MRK

QEREKIQIRX��4VSXIMR�GSRGIRXVEXMSRW�KIRIVEPP]�VI¬IGXIH

QEMRXIRERGI�UYEPMX]�KVE^MRK�JSV�FIIJ�GEXXPI��EPXLSYKL

WYTTPIQIRXEV]�RYXVMXMSR�[SYPH�FI�VIUYMVIH�JSV�LMKL�TVSHYGMRK

PMZIWXSGO�IRXIVTVMWIW��*MFVI�JVEGXMSRW��QMRIVEP�GSRGIRXVEXMSRW�ERH

HMKIWXMFMPMX]�VIQEMRIH�[MXLMR�EGGITXEFPI�VERKIW�JSV

I\XIRWMZI�KVE^MRK�W]WXIQW��WYTTSVXMRK�XLI�TSXIRXMEP�YWI�SJ

VILEFMPMXEXIH�TEWXYVIW�EW�TVSHYGXMZI�PMZIWXSGO�VIWSYVGIW�[LIR

QEREKIH�ETTVSTVMEXIP]�

8LI�TVSNIGX�EPWS�MRZIWXMKEXIH�TSXIRXMEP�EGGYQYPEXMSR�SJ

GSRWXMXYIRXW�SJ�TSXIRXMEP�GSRGIVR��'S4'
�[MXLMR�JSVEKI�WTIGMIW�

%GGYQYPEXMSR�JEGXSV�EREP]WIW�HIQSRWXVEXIH�XLEX�IWWIRXMEP

RYXVMIRXW�WYGL�EW�TSXEWWMYQ��QEKRIWMYQ�ERH�TLSWTLSVYW�[IVI

VIEHMP]�EFWSVFIH�F]�TPERXW��[LMPI�TSXIRXMEPP]�LE^EVHSYW�XVEGI

IPIQIRXW�VIQEMRIH�FIPS[�TL]XSXS\MGMX]�ERH�PMZIWXSGO�JIIH

WEJIX]�XLVIWLSPHW��8LIWI�«RHMRKW�TVSZMHI�GSR«HIRGI�XLEX

VILEFMPMXEXIH�TEWXYVIW�GER�FI�YXMPMWIH�WEJIP]�YRHIV�ETTVSTVMEXI

QSRMXSVMRK�TVSKVEQQIW�

%R�MRXIKVEXIH�XIGLRS�IGSRSQMG�EWWIWWQIRX�[EW�WYFWIUYIRXP]

YRHIVXEOIR�XS�IZEPYEXI�XLI�GSQQIVGMEP�ZMEFMPMX]�SJ�GVST�PMZIWXSGO

IRXIVTVMWIW�IWXEFPMWLIH�SR�VILEFMPMXEXIH�QMRI�PERH��4VSHYGXMSR

TSXIRXMEP��GETMXEP�MRZIWXQIRX��STIVEXMRK�GSWXW��VIZIRYI�WXVIEQW�

«RERGMEP�TIVJSVQERGI�ERH�WSGMS�IGSRSQMG�MQTEGXW�[IVI�QSHIPPIH

XS�HIXIVQMRI�PSRK�XIVQ�FYWMRIWW�JIEWMFMPMX]��8LI�VIWYPXMRK�FYWMRIWW

GEWI�HIQSRWXVEXIH�XLEX�VIKIRIVEXMZI�EKVMGYPXYVEP�W]WXIQW�LEZI�XLI

TSXIRXMEP�XS�KIRIVEXI�WYWXEMREFPI�TSWX�QMRMRK�IGSRSQMG�EGXMZMX]

[LMPI�WMQYPXERISYWP]�MQTVSZMRK�PERH�WXI[EVHWLMT�ERH�WYTTSVXMRK

WYGGIWWJYP�QMRI�GPSWYVI�

%�VMWO�QEXVM\�WIVZIW�EW�E�GVMXMGEP�HIGMWMSR�WYTTSVX�XSSP�MR�IZEPYEXMRK

XLI�TSXIRXMEP�GLEPPIRKIW�EWWSGMEXIH�[MXL�MQTPIQIRXMRK�MRXIKVEXIH

GVST�PMZIWXSGO�TVSHYGXMSR�W]WXIQW�SR�VILEFMPMXEXIH�QMRIH�PERH��&]

ZMWYEPMWMRK�VMWOW�EGVSWW�IGSPSKMGEP��EKVSRSQMG��GPMQEXMG�ERH

KSZIVRERGI�HMQIRWMSRW��XLI�QEXVM\�WYTTSVXW�MRJSVQIH

TPERRMRK�ERH�VIWSYVGI�EPPSGEXMSR��IWWIRXMEP�JSV�IRWYVMRK

XLI�PSRK�XIVQ�WYWXEMREFMPMX]�ERH�TVSHYGXMZMX]�SJ�TSWX�QMRMRK

EKVMGYPXYVEP�PERHWGETIW�

Key outcomes

• 3PHIV�VILEFMPMXEXMSR�WMXIW�GSRWMWXIRXP]�I\LMFMXIH�MQTVSZIH

IGSPSKMGEP�GSRHMXMSR��KVE^MRK�GETEGMX]�ERH�TEWXYVI�WXEFMPMX]�

• 6ILEFMPMXEXIH�TEWXYVIW�GER�WYTTSVX�TVSHYGXMZI�PMZIWXSGO

IRXIVTVMWIW�[LIR�ETTVSTVMEXI�KVE^MRK�QEREKIQIRX�TVMRGMTPIW�EVI

ETTPMIH�

• 2IEV�MRJVEVIH�WTIGXVSWGST]�TVSZMHIW�E�VIPMEFPI�ERH�GSWX�IJJIGXMZI

XIGLRSPSK]�JSV�VSYXMRI�JSVEKI�UYEPMX]�QSRMXSVMRK�SR�VILEFMPMXEXIH

QMRI�PERH�

• 'SRGIRXVEXMSRW�SJ�GSRWXMXYIRXW�SJ�TSXIRXMEP�GSRGIVR�VIQEMRIH

FIPS[�PIZIPW�PMOIP]�XS�TVIWIRX�WMKRM«GERX�PMZIWXSGO�SV�IRZMVSRQIRXEP

VMWOW�

• -RXIKVEXIH�GVST�PMZIWXSGO�TVSHYGXMSR�W]WXIQW�TVIWIRX�E�VIEPMWXMG

STTSVXYRMX]�XS�GSRZIVX�VILEFMPMXEXMSR�PMEFMPMXMIW�MRXS�TVSHYGXMZI

EKVMGYPXYVEP�EWWIXW�

• 8LI�HIZIPSTIH�FYWMRIWW�GEWI�TVSZMHIW�QMRMRK�GSQTERMIW�[MXL�E

TVEGXMGEP�HIGMWMSR�WYTTSVX�JVEQI[SVO�JSV�WYWXEMREFPI�TSWX�GPSWYVI

PERH�YWI�TPERRMRK�

*MKYVI����'SRWXMXYIRXW�SJ�TSXIRXMEP�GSRGIVR��'S4'
�[MXLMR�JSVEKI�WTIGMIW�
EGGYQYPEXMSR�JEGXSV�EREP]WIW�

CONCLUSION

6ILEFMPMXEXIH�GSEP�QMRI�PERH�TSWWIWWIW�GSRWMHIVEFPI�TSXIRXMEP�XS�WYTTSVX�VIKIRIVEXMZI�MRXIKVEXIH�GVST�PMZIWXSGO�TVSHYGXMSR

W]WXIQW�[LIR�VILEFMPMXEXMSR�UYEPMX]�ERH�KVE M̂RK�QEREKIQIRX�EVI�EPMKRIH�[MXL�IGSPSKMGEP�TVMRGMTPIW��&I]SRH�MXW�XIGLRMGEP

«RHMRKW��XLI�TVSNIGX�IWXEFPMWLIW�E�TVEGXMGEP�FYWMRIWW�QSHIP�XLEX�XVERWJSVQW�QMRI�GPSWYVI�JVSQ�E�VILEFMPMXEXMSR�SFPMKEXMSR�MRXS�ER

STTSVXYRMX]�JSV�PERHWGETI�VIKIRIVEXMSR��EKVMGYPXYVEP�TVSHYGXMSR�ERH�WSGMS�IGSRSQMG�HIZIPSTQIRX��TVSZMHMRK�'SEPXIGL�ERH�XLI

7SYXL�%JVMGER�QMRMRK�MRHYWXV]�[MXL�ER�IZMHIRGI�FEWIH�JVEQI[SVO�JSV�TVSHYGXMZI�TSWX�QMRMRK�PERH�YWIW�
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Continuous eutectic freeze crystallisation for mine brines
Novel materials and directed crystal engineering for continuous Eutectic Freeze Crystallization (EFC). Professor Alison Lewis, Bridget

Mushava, Madimetsa Matau, Senzo Mgabhi, Lerato Motsepe and Jemitias Chivavava (University of Cape Town).

Introduction

7SYXL�%JVMGE�W�GSEP�QMRMRK�MRHYWXV]�TVSHYGIW�PEVKI�ZSPYQIW�SJ

LMKLP]�WEPMRI�[EWXI[EXIV�XLEX�QYWX�FI�QEREKIH�WEJIP]�

8VEHMXMSREPP]��XLIWI�FVMRIW�EVI�WXSVIH�MR�IZETSVEXMSR�TSRHW�SV

XVIEXIH�F]�IZETSVEXMZI�GV]WXEPPMWEXMSR��&SXL�ETTVSEGLIW�LEZI

HVE[FEGOW��)ZETSVEXMSR�TSRHW�VIUYMVI�PEVKI�EVIEW�SJ�PERH�ERH

GEVV]�XLI�VMWO�SJ�KVSYRH[EXIV�GSRXEQMREXMSR��[LMPI�IZETSVEXMZI

GV]WXEPPMWEXMSR�MW�IRIVK]�MRXIRWMZI��I\TIRWMZI�XS�STIVEXI�ERH�TVSRI

XS�WGEPMRK�ERH�GSVVSWMSR�

)YXIGXMG�*VII^I�'V]WXEPPM^EXMSR��)*'
�SJJIVW�E�HMJJIVIRX�ETTVSEGL�

-RWXIEH�SJ�IZETSVEXMRK�[EXIV��)*'�JVII^IW�MX��EPPS[MRK�TYVI�MGI�ERH

ZEPYEFPI�WEPXW�XS�GV]WXEPPMWI�WITEVEXIP]�JVSQ�XLI�FVMRI��&IGEYWI

JVII^MRK�VIUYMVIW�JEV�PIWW�IRIVK]�XLER�IZETSVEXMSR��)*'�LEW�XLI

TSXIRXMEP�XS�VIHYGI�STIVEXMRK�GSWXW�[LMPI�VIGSZIVMRK�YWIJYP

TVSHYGXW�JVSQ�[LEX�MW�GYVVIRXP]�VIKEVHIH�EW�E�[EWXI�WXVIEQ�

6IWIEVGLIVW�EX�XLI�9RMZIVWMX]�SJ�'ETI�8S[R�LEZI�WTIRX�QSVI�XLER

X[S�HIGEHIW�HIZIPSTMRK�)*'�JSV�MRHYWXVMEP�[EWXI[EXIV�XVIEXQIRX�

4VIZMSYW�WXYHMIW�HIQSRWXVEXIH�XLEX�XLI�XIGLRSPSK]�[SVOW�[IPP�EX

PEFSVEXSV]�WGEPI��FYX�X[S�GLEPPIRKIW�LEZI�GSRXMRYIH�XS�PMQMX�MXW

GSQQIVGMEP�ETTPMGEXMSR��8LI�«VWX�MW�XLI�JSVQEXMSR�SJ�MGI�SR�XLI

LIEX�I\GLERKI�WYVJEGIW�MRWMHI�XLI�GV]WXEPPMWIV��%W�XLMW�MGI�PE]IV

FYMPHW�YT��LIEX�XVERWJIV�FIGSQIW�PIWW�I­GMIRX�ERH�XLI�TVSGIWW

IZIRXYEPP]�WXSTW��8LI�WIGSRH�GLEPPIRKI�MW�WITEVEXMRK�XLI�MGI�ERH

WEPX�GV]WXEPW�I­GMIRXP]�IRSYKL�XS�TVSHYGI�LMKL�UYEPMX]�[EXIV�ERH

WEPX�TVSHYGXW�

8LMW�TVSNIGX�JSGYWIH�SR�SZIVGSQMRK�XLIWI�VIQEMRMRK�FEVVMIVW��-X

MRZIWXMKEXIH�[LIXLIV�E�RI[�LIEX�I\GLERKI�QEXIVMEP�GSYPH�VIHYGI

MGI�WGEPMRK�ERH�I\TPSVIH�LS[�STIVEXMRK�GSRHMXMSRW�EJJIGX�MGI

TVSHYGXMSR��GV]WXEP�KVS[XL�ERH�TVSHYGX�WITEVEXMSR�

Ice scaling

-GI�WGEPMRK�LEW�PSRK�FIIR�VIGSKRMWIH�EW�SRI�SJ�XLI�FMKKIWX

SFWXEGPIW�XS�GSRXMRYSYW�)*'�STIVEXMSR��'SRZIRXMSREP�W]WXIQW

SJXIR�VIP]�SR�QIGLERMGEP�WGVETIVW�XS�VIQSZI�MGI�JVSQ�GSSPMRK

WYVJEGIW��%PXLSYKL�IJJIGXMZI��XLIWI�W]WXIQW�MRGVIEWI�FSXL�XLI

GSWX�ERH�QIGLERMGEP�GSQTPI\MX]�SJ�XLI�TVSGIWW�ERH�VIUYMVI�VIKYPEV

QEMRXIRERGI��8LI�VIWIEVGL�XIEQ�MRZIWXMKEXIH�ER�EPXIVREXMZI

ETTVSEGL�F]�VITPEGMRK�GSRZIRXMSREP�WXEMRPIWW�WXIIP�LIEX�I\GLERKI

WYVJEGIW�[MXL�E�RSZIP�TSP]TVST]PIRI�KVETLMXI��44�+6
�GSQTSWMXI�

8LMW�QEXIVMEP�LEW�E�WQSSXL�WYVJEGI�ERH�PS[�WYVJEGI�IRIVK]�

QEOMRK�MX�PIWW�PMOIP]�JSV�MGI�XS�EHLIVI�WXVSRKP]�HYVMRK�GV]WXEPPMWEXMSR�

44�+6�GSRWMWXIRXP]�VIHYGIH�XLI�EQSYRX�SJ�MGI�XLEX�EGGYQYPEXIH

SR�XLI�LIEX�I\GLERKI�WYVJEGI�GSQTEVIH�[MXL�WXEMRPIWW�WXIIP��8LI

MQTVSZIQIRX�[EW�TEVXMGYPEVP]�RSXMGIEFPI�JSV�QEKRIWMYQ�WYPTLEXI�

VMGL�FVMRIW��[LIVI�MGI�EHLIVIH�PIWW�VIEHMP]�ERH�HIXEGLIH�QSVI

IEWMP]�JVSQ�XLI�WYVJEGI��8LI�QEXIVMEP�[EW�XLIR�XIWXIH�YWMRK

MRHYWXVMEP�FVMRIW�JVSQ�XLI�8[IIJSRXIMR�ERH�I1EPELPIRM�;EXIV

6IGPEQEXMSR�4PERXW��8LI�8[IIJSRXIMR�FVMRI�TVSHYGIH�IWTIGMEPP]

TSWMXMZI�VIWYPXW��EW�XLI�GSRGIRXVEXMSR�SJ�HMWWSPZIH�WEPXW�MRGVIEWIH�

TIVQERIRX�MGI�WGEPMRK�HIGVIEWIH�[LMPI�TVSHYGXMSR�SJ�WYWTIRWMSR

MGI�MRGVIEWIH��8LI�I1EPELPIRM�FVMRI�FILEZIH�HMJJIVIRXP]�FIGEYWI

FSXL�MGI�ERH�WSHMYQ�WYPTLEXI�GV]WXEPW�JSVQIH�WMQYPXERISYWP]��]IX

XLI�44�+6�QEXIVMEP�GSRXMRYIH�XS�TIVJSVQ�[IPP�
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S U R FA C E  E N V I R O N M E N T  ·  E U T E C T I C  F R E E Z E  C R Y S T A L L I S AT I O N  ( C ONT INU E D )

Continuous EFC

6IHYGMRK�MGI�WGEPMRK�EPSRI�MW�RSX�WY­GMIRX�XS�QEOI�)*'

GSQQIVGMEPP]�ZMEFPI��8LI�TVSGIWW�QYWX�EPWS�TVSHYGI�WY­GMIRX

UYERXMXMIW�SJ�MGI�[LMPI�KIRIVEXMRK�GV]WXEPW�XLEX�GER�FI�WITEVEXIH

I­GMIRXP]�JVSQ�XLI�VIQEMRMRK�FVMRI��8LI�VIWIEVGL�XIEQ�GEVVMIH�SYX

E�HIXEMPIH�WXYH]�SJ�XLI�STIVEXMRK�GSRHMXMSRW�MRWMHI�XLI�GV]WXEPPMWIV�

W]WXIQEXMGEPP]�ZEV]MRK�LIEX�XVERWJIV�HVMZMRK�JSVGI��QM\MRK�MRXIRWMX]�

GV]WXEPPMWEXMSR�XMQI�ERH�WIXXPMRK�XMQI�

3RI�SJ�XLI�GPIEVIWX�XVIRHW�[EW�XLI�WXVSRK�MR¬YIRGI�SJ�LIEX

XVERWJIV�HVMZMRK�JSVGI��-RGVIEWMRK�XLI�XIQTIVEXYVI�HMJJIVIRGI

FIX[IIR�XLI�GSSPMRK�WYVJEGI�ERH�XLI�FVMRI�MRGVIEWIH�XLI�SZIVEPP

VEXI�SJ�LIEX�VIQSZEP�ERH�XLIVIJSVI�MRGVIEWIH�MGI�TVSHYGXMSR�

%PXLSYKL�PEVKIV�XIQTIVEXYVI�HMJJIVIRGIW�MRMXMEPP]�TVSQSXIH�KVIEXIV

MGI�JSVQEXMSR�SR�XLI�GSSPMRK�WYVJEGI��XLI�44�+6�QEXIVMEP�EPPS[IH

QYGL�SJ�XLMW�MGI�XS�HIXEGL�REXYVEPP]�FIJSVI�TIVQERIRX�WGEPMRK

HIZIPSTIH��8LMW�IREFPIH�WYWXEMRIH�TVSHYGXMSR�SJ�WYWTIRWMSR�MGI

JSV�TIVMSHW�I\GIIHMRK�SRI�LSYV�[MXLSYX�FPSGOMRK�XLI�GV]WXEPPMWIV�

-RGVIEWMRK�QM\MRK�MQTVSZIH�LIEX�XVERWJIV�ERH�HMWVYTXIH�XLI�XLMR

FSYRHEV]�PE]IV�[LIVI�MGI�RSVQEPP]�EGGYQYPEXIW�

Cleaner water and high quality salt

4VSHYGMRK�GV]WXEPW�MW�SRP]�SRI�TEVX�SJ�XLI�TVSGIWW��8LSWI�GV]WXEPW

QYWX�EPWS�FI�WITEVEXIH�I­GMIRXP]�MJ�GPIER�[EXIV�ERH�QEVOIXEFPI

WEPX�TVSHYGXW�EVI�XS�FI�VIGSZIVIH��8S�MRZIWXMKEXI�XLMW�WXEKI��XLI

VIWIEVGLIVW�HIZIPSTIH�E�X[S�WXEKI�GV]WXEPPMWEXMSR�W]WXIQ��8LI

TVMQEV]�44�+6�GV]WXEPPMWIV�TVSHYGIH�MGI�ERH�WEPX�GV]WXEPW��[LMPI�E

WIGSRHEV]�GV]WXEPPMWIV�TVSZMHIH�EHHMXMSREP�XMQI�JSV�GV]WXEP�KVS[XL

ERH�KVEZMXEXMSREP�WITEVEXMSR�

8LI�WXYH]�WLS[IH�XLEX�MRGVIEWMRK�QM\MRK�[MXLMR�XLI�WIGSRHEV]

GV]WXEPPMWIV�MQTVSZIH�SZIVEPP�MGI�VIGSZIV]��,S[IZIV��XLI�TYVMX]�SJ�XLI

VIGSZIVIH�MGI�VIQEMRIH�PS[IV�XLER�HIWMVIH��STXMGEP�EREP]WMW

WLS[IH�XLEX�XLI�MGI�GV]WXEPW�[IVI�I\XVIQIP]�WQEPP�ERH�SJXIR

XVETTIH�GSRGIRXVEXIH�FVMRI�ERH�«RI�WEPX�TEVXMGPIW��6IGSKRMWMRK

XLIWI�PMQMXEXMSRW��XLI�VIWIEVGLIVW�MRZIWXMKEXIH�[EWLMRK�XLI

VIGSZIVIH�MGI�[MXL�GSPH�HIMSRMWIH�[EXIV��8LMW�WMQTPI�EHHMXMSREP

WXIT�VIQSZIH�QYGL�SJ�XLI�XVETTIH�FVMRI�ERH�«RI�WEPX��TVSHYGMRK�E

WYFWXERXMEP�MQTVSZIQIRX�MR�MGI�TYVMX]�

'SRXMRYSYW�)*'�TIVJSVQERGI�[MXL�XLI�TSP]TVST]PIRI�KVETLMXI��44�+6
�GV]WXEPPMWIV�SR�7SYXL�%JVMGER�MRHYWXVMEP�FVMRIW�

CONCLUSIONS

8LMW�TVSNIGX�LEW�XEOIR�)YXIGXMG�*VII^I�'V]WXEPPM^EXMSR�ER�MQTSVXERX�WXIT�GPSWIV�XS�TVEGXMGEP�ETTPMGEXMSR�JSV�XLI�XVIEXQIRX�SJ

L]TIVWEPMRI�GSEP�QMRI�FVMRIW��*SV�XLI�«VWX�XMQI��TSP]TVST]PIRI�KVETLMXI�[EW�WLS[R�XS�VIWMWX�MGI�WGEPMRK�HYVMRK�GSRXMRYSYW

STIVEXMSR�[MXL�7SYXL�%JVMGER�MRHYWXVMEP�FVMRIW��SZIVGSQMRK�SRI�SJ�XLI�QENSV�FEVVMIVW�XS�GSQQIVGMEP�MQTPIQIRXEXMSR��8LIWI

«RHMRKW�TVSZMHI�XLI�IRKMRIIVMRK�ORS[PIHKI�RIIHIH�XS�HIWMKR�XLI�RI\X�KIRIVEXMSR�SJ�TMPSX�WGEPI�)*'�W]WXIQW��ERH�VIMRJSVGI

7SYXL�%JVMGE�W�MRXIVREXMSREP�PIEHIVWLMT�MR�)YXIGXMG�*VII^I�'V]WXEPPM^EXMSR�VIWIEVGL�
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R E S E A R C H  I N  A C T I O N  ·  F O C U S  A R E A

Future Technologies
,MKL�I­GMIRG]��PS[�IQMWWMSR�GPIER�GSEP�XIGLRSPSK]�ERH

E�HIJIRWMFPI�FEWMW�JSV�QIEWYVMRK�ERH�VIHYGMRK�XLI

WIGXSV�W�IQMWWMSRW�

HELE Circulating Fluidised Bed clean coal technology  ·  Scope 1 and 2 emissions

management in the coal sector
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F U T U R E  T E C H N O L O G I E S  ·  P R O J E C T  F 2 0 2 5 - 4

High Efficiency, Low Emission (HELE)
Circulating Fluidised Bed (CFB) technology:
clean coal technology for South Africa
Mike Masukume, Ashton Swartbooi, Adam Luckos and Simphiwe Ncwane. A collaborative programme with the CSIR, Eskom and

SANEDI.

Abstract.�8LMW�WXYH]�EWWIWWIH�XLI�JIEWMFMPMX]�SJ�IWXEFPMWLMRK�E�����O;��XLIVQEP
�GMVGYPEXMRK

¬YMHMWIH�FIH��'*&
�GSQFYWXMSR�XIWX�JEGMPMX]�XS�HI�VMWO�LMKL�I­GMIRG]��PS[�IQMWWMSRW��,)0)


GSEP�XIGLRSPSK]�JSV�7SYXL�%JVMGER�GSRHMXMSRW��8LI�LIEHPMRI�GSRGPYWMSR�ERH�HIGMWMSR�FEWMW�EVI

WYQQEVMWIH�FIPS[�

R75.78m
8SXEP�S[RIV�W�GSWX��r��	��MRGP����	
GSRXMRKIRG]


R3.91m
%RRYEP�STIVEXMRK�GSWX��XIR���HE]
GEQTEMKRW

89.0%
)WOSQ�6SWLIVZMPPI�WMXI�WGSVI��RI\X�
VEROIH�����	


(IGMWMSR�WYQQEV]

Finding %�����O;�'*&�XIWX�JEGMPMX]�MW�XIGLRMGEPP]�JIEWMFPI�ERH�MW�XLI�ETTVSTVMEXI�WGEPI�EX�[LMGL�XS�HI�VMWO�XLI�XIGLRSPSK]

FIJSVI�ER]�GSQQIVGMEP�HITPS]QIRX��4LEWI���MW�GSQTPIXI��XLI�WXYH]�WYTTSVXW�TVSGIIHMRK�XS�4LEWI����HIXEMPIH

IRKMRIIVMRK��TVSGYVIQIRX��GSRWXVYGXMSR�ERH�GSQQMWWMSRMRK
�

Preferred site )WOSQ�6SWLIVZMPPI�6IWIEVGL��8IWXMRK�ERH�(IZIPSTQIRX�JEGMPMX]��.SLERRIWFYVK
��[IMKLXIH�WGSVI�����	��EKEMRWX

����	�JSV�XLI�RI\X�VEROIH�WMXI��%�FVS[R«IPH�LSWX�[MXL�I\MWXMRK�GSQFYWXMSR�VIWIEVGL�MRJVEWXVYGXYVI��VIHYGMRK�GSWX

ERH�WGLIHYPI�

Funding model 6IWIEVGL�ERH�HIZIPSTQIRX�JEGMPMX]��RSX�MRXIRHIH�XS�FI�«RERGMEPP]�WIPJ�WYWXEMRMRK��6IXYVRW�EVI�RSR�QSRIXEV]�

XIGLRSPSK]�ZEPMHEXMSR�YRHIV�PSGEP�GSRHMXMSRW��WOMPPW�ERH�WYTTPMIV�HIZIPSTQIRX��ERH�FIRI«GMEXMSR�SJ�GSEP�HMWGEVHW�

Top risk 6ITYXEXMSREP�ERH�JYRHMRK�VMWO��JYXYVI�TLEWIW�GSQTVSQMWIH�F]�RIKEXMZI�TIVGITXMSR�SJ�GSEP�XIGLRSPSKMIW��VIWMHYEP

VEXMRK��,-+,
��%PP�SXLIV�VMWOW�VIHYGIH�XS�PS[�SV�QSHIVEXI�EJXIV�QMXMKEXMSR�

Strategic value +IRIVEXIW�IRKMRIIVMRK��WGMIRXM«G�ERH�VIKYPEXSV]�HEXE�[IPP�ELIEH�SJ������XS�MRJSVQ�7SYXL�%JVMGE�W�TSWX�����

GPIERIV�GSEP�TSPMG]��[LMPI�FYMPHMRK�PSGEP�GETEFMPMX]�JSV�VIWTSRWMFPI�HITPS]QIRX�
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F U T U R E  T E C H N O L O G I E S  ·  H E L E  C I R C U L AT I N G  F L U I D I S E D  B E D  ( C ONT INU E D )

Introduction

'SEP�WYTTPMIW�EFSYX���	�SJ�7SYXL�%JVMGE�W�IPIGXVMGMX]�ERH�YRHIVTMRW

E�ZEPYI�GLEMR�IQTPS]MRK�GPSWI�XS���������TISTPI��HVE[MRK�SR�ER

IWXMQEXIH�����+X�SJ�VIWIVZIW��8LI�-RXIKVEXIH�6IWSYVGI�4PER��-64


�����GSR«VQW�XLEX�GSEP�[MPP�VIQEMR�MRXIKVEP�XS�XLI�IRIVK]�QM\�MRXS

XLI������XS������TIVMSH�FIGEYWI�MX�VIQEMRW�EJJSVHEFPI��WXEFPI�

VIPMEFPI�ERH�HMWTEXGLEFPI�VIPEXMZI�XS�XLI�EPXIVREXMZIW��IZIR�EW

VIRI[EFPIW�ERH�WXSVEKI�KVS[��%X�XLI�WEQI�XMQI��GSRZIRXMSREP

TYPZIVMWIH�GSEP��4'
�GSQFYWXMSR�VIPIEWIW�73\��23\��TEVXMGYPEXI

QEXXIV��QIVGYV]�ERH�KVIIRLSYWI�KEWIW��ERH�XMKLXIRMRK�QMRMQYQ

IQMWWMSR�WXERHEVHW�EVI�VIWLETMRK�XLI�SYXPSSO�JSV�GSEP�

'*&�GSQFYWXMSR�MW�ER�MRXIVREXMSREPP]�QEXYVI�,)0)�XIGLRSPSK]��[MXL

SZIV�������YRMXW�MR�STIVEXMSR�ERH�WMRKPI�YRMXW�RS[�VIEGLMRK����

1;IP��-X�SJJIVW�MR�JYVREGI�73��GETXYVI�YWMRK�PMQIWXSRI��PS[�

XIQTIVEXYVI�GSQFYWXMSR�ERH�EMV�WXEKMRK�XLEX�VIHYGIW�23\

JSVQEXMSR��ERH�'3��IQMWWMSR�VIHYGXMSR�XLVSYKL�GS�«VMRK�[MXL

FMSQEWW�ERH�S\]�«VMRK��-X�TVSZMHIW�I\GITXMSREP�JYIP�¬I\MFMPMX]�

MRGPYHMRK�PS[�KVEHI�GSEPW��GSEP�HMWGEVHW��FMSQEWW�ERH�VIJYWI�

HIVMZIH�JYIPW��QEOMRK�MX�[IPP�QEXGLIH�XS�7SYXL�%JVMGE�W�GSEP

IRHS[QIRX��MRGPYHMRK�ER�IWXMQEXIH�����+X�SJ�HMWGEVHW�[LMGL

GYVVIRXP]�LEZI�RS�YWI��(IWTMXI�XLIWI�EHZERXEKIW��EPP����SJ�7SYXL

%JVMGE�W�GSEP�«VIH�WXEXMSRW�YWI�4'�XIGLRSPSK]��ERH�'*&

GSQFYWXMSR�LEW�RIZIV�FIIR�XIWXIH�PSGEPP]�SR�PSGEP�JYIPW�YRHIV

PSGEP�GSRHMXMSRW�

-R�.YP]�������'7-6��)WOSQ��7%2)(-��ERH�'SEPXIGL�GSQQMWWMSRIH�E

GSPPEFSVEXMZI�TVSKVEQQI�XS�HI�VMWO�XLI�'*&�GSQFYWXMSR

XIGLRSPSK]��XS�FI�MQTPIQIRXIH�MR�XLVII�TLEWIW��E�JIEWMFMPMX]�WXYH]

�XLMW�TLEWI��XS����.YRI�����
��HIXEMPIH�IRKMRIIVMRK��TVSGYVIQIRX�

GSRWXVYGXMSR�ERH�GSQQMWWMSRMRK��ERH�HIQSRWXVEXMSR�

7YQQEV]�SJ�«RHMRKW�F]�[SVO�TEGOEKI

Work package Principal outcome

���8IGLRSPSK]�VIZMI[ 'SR«VQIH�'*&�EW�E�QEXYVI��FEROEFPI�,)0)�XIGLRSPSK]�EGVSWW�[MHI�JYIP�ERH�WGEPI�VERKIW��-RXIVREXMSREP�VIJIVIRGIW
�ŁEKMW^E�����1;�WYTIVGVMXMGEP��7EQGLISO�������1;��8YV÷[�VITS[IVMRK��'LMRE�W�����1;�YPXVE�WYTIVGVMXMGEP�YRMX


HIQSRWXVEXI�VIPMEFPI�GSQTPMERGI�[MXL�WXVMRKIRX�IQMWWMSR�PMQMXW�ERH�JYIP�¬I\MFMPMX]�I\XVIQIW�

���8IWX�YRMX�WTIGM«GEXMSR 7TIGM«IH�E�����O;�XLIVQEP�YRMX�FEPERGMRK�HEXE�UYEPMX]��GSWX�ERH�VIKYPEXSV]�VIUYMVIQIRXW��HIWMKR�JYIP�MW�LMKL�':
+VSSXZPIM�GSEP�[MXL�TVSZMWMSR�JSV�HMWGEVHW�ERH�FMSQEWW��PMQIWXSRI�WSVFIRX������XS����q'�STIVEXMRK�[MRHS[�

���4VSGIWW�HIWMKR��JEGMPMX]
 (I«RIH�JEGMPMX]�GSR«KYVEXMSR��YXMPMXMIW��FEWMW�SJ�HIWMKR�ERH�SZIVEPP�QEWW�ERH�IRIVK]�FEPERGIW��4IVJSVQERGI�XEVKIXW�

"��	�73��VIQSZEP��MR�WMXY�PMQIWXSRI
��PS[�23\��EMV�WXEKMRK
��VIHYGIH�'3���FMSQEWW�GS�«VMRK
�

���7MXI�WIPIGXMSR *SYV�WMXIW�IZEPYEXIH�SR�[IMKLXIH�VIKYPEXSV]��WXVEXIKMG�ERH�MRJVEWXVYGXYVI�GVMXIVME��)WOSQ�6SWLIVZMPPI�WIPIGXIH

�����	
�

���7TIGMEP�HIWMKR�GSRWMHIVEXMSRW ,%>34�WXYH]�MHIRXM«IH�RMRI�TVMRGMTEP�LE^EVH�WGIREVMSW��IEGL�[MXL�EWWMKRIH�HIWMKR�EGXMSRW��JYPP�MRWXVYQIRX

WTIGM«GEXMSRW�HIZIPSTIH�JSV�TVSGIWW�QSRMXSVMRK��MRXIVPSGO�TVSXIGXMSR�ERH�IQMWWMSRW�GSQTPMERGI�

���4VSGIWW�HIWMKR��YRMX�PIZIP
 9RMX�PIZIP�QEWW�ERH�IRIVK]�FEPERGIW�GSQTPIXIH�ERH�YWIH�XS�WM^I�EPP�QENSV�IUYMTQIRX��4
-(W��TPSX�TPER�ERH�PMRI�PMWX

HIPMZIVIH�

���8IGLRS�IGSRSQMG�EWWIWWQIRX 8SXEP�S[RIV�W�GSWX�SJ�6������Q��r��	
�ERH�ERRYEP�34)<�SJ�6�����Q�[EW�IWXMQEXIH�

���6MWO�VIKMWXIV 8IGLRMGEP��FYWMRIWW��«RERGMEP�ERH�7,)�VMWOW�MHIRXM«IH��EWWIWWIH�ERH�QMXMKEXIH��QSWX�VIHYGIH�XS�PS[�VIWMHYEP�VMWO�
(SQMRERX�VIWMHYEP�VMWO�MW�VITYXEXMSREP�ERH�JYRHMRK�VIPEXIH��,-+,
�

(IWMKR�FEWMW

8LIVQEP�GETEGMX] ����O;

(IWMKR�WYTTPIQIRXEV]�JYIP 'SEP��+VSSXZPIM
���FMSQEWW

3TIVEXMRK�XIQTIVEXYVI ����XS����q'

3\MHMWMRK�EKIRX���WSVFIRX %MV����	�I\GIWW
���PMQIWXSRI

,MKLIV�LIEXMRK�ZEPYI ������1.�OK

'SEP�JIIH���FIH�GMVGYPEXMSR�VEXI b��������b������OK�L

8EVKIX�73��VIQSZEP "��	��MR�WMXY��PMQIWXSRI


7MXI�WIPIGXMSR��[IMKLXIH�WGSVI


Eskom Rosherville (selected) 89.0%

'7-6�1EMR�'EQTYW ����	

'7-6�/PSTTIVWFSW ����	

'7-6�4EEVHIJSRXIMR ����	

CONCLUS ION

)WXEFPMWLMRK�E�����O;XL�'*&�GSQFYWXMSR�XIWX�JEGMPMX]�MW

XIGLRMGEPP]�JIEWMFPI�ERH�WXVEXIKMGEPP]�[EVVERXIH��8LI�WXYH]

TVSZMHIW�E�WSYRH�JSYRHEXMSR�JSV�TVSGIIHMRK�XS�4LEWI���

KIRIVEXMRK�HIGMWMSR�YWIJYP�HEXE�[IPP�ELIEH�SJ������XS�MRJSVQ

7SYXL�%JVMGE�W�TSWX������GPIERIV�GSEP�TSPMG]�[LMPI�FYMPHMRK

PSGEP�GETEFMPMX]�XS�HITPS]�XLI�XIGLRSPSK]�VIWTSRWMFP]�
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F U T U R E  T E C H N O L O G I E S  ·  P R O J E C T  F 2 0 2 5 - 3 A

Enhancing Scope 1 and Scope 2 emissions
management in the South African coal mining industry
A sector-wide programme delivered with Promethium Carbon.

8LI�7SYXL�%JVMGER�GSEP�QMRMRK�MRHYWXV]�MW�STIVEXMRK�[MXLMR�E�VETMHP]

IZSPZMRK�VIKYPEXSV]�ERH�GSQQIVGMEP�IRZMVSRQIRX�[LIVI

KVIIRLSYWI�KEW��+,+
�IQMWWMSRW�QEREKIQIRX�MW�FIGSQMRK�ER

MRGVIEWMRKP]�MQTSVXERX�GSQTSRIRX�SJ�STIVEXMSREP�TIVJSVQERGI�

VIKYPEXSV]�GSQTPMERGI�ERH�PSRK�XIVQ�GSQTIXMXMZIRIWW��-R�EHHMXMSR

XS�7SYXL�%JVMGE�W�'EVFSR�8E\�%GX�ERH�XLI�VIGIRXP]�IREGXIH�'PMQEXI

'LERKI�%GX��MRXIVREXMSREP�HMWGPSWYVI�JVEQI[SVOW�WYGL�EW�XLI�-*67

7YWXEMREFMPMX]�(MWGPSWYVI�7XERHEVHW�ERH�XLI�8EWO�*SVGI�SR

'PMQEXI�VIPEXIH�*MRERGMEP�(MWGPSWYVIW��8'*(
�EVI�WLETMRK

WXEOILSPHIV�I\TIGXEXMSRW�JSV�XVERWTEVIRX�ERH�GSRWMWXIRX�GPMQEXI�

VIPEXIH�VITSVXMRK�

8LI�VIWIEVGL�IWXEFPMWLIW�XLI�«VWX�GSRWSPMHEXIH�FEWIPMRI�SJ�7GSTI

��ERH�7GSTI���+,+�IQMWWMSRW�EGVSWW�TEVXMGMTEXMRK�7SYXL�%JVMGER

GSEP�QMRMRK�GSQTERMIW��8LMW�[EW�HSRI�F]�EWWIWWMRK�GYVVIRX

IQMWWMSRW�QEREKIQIRX�TVEGXMGIW�EKEMRWX�VIGSKRMWIH�MRXIVREXMSREP

JVEQI[SVOW�ERH�MHIRXM«IH�TVMSVMX]�STTSVXYRMXMIW�XS�WXVIRKXLIR

IQMWWMSRW�QEREKIQIRX�EGVSWW�XLI�WIGXSV��8LI�EWWIWWQIRX

IWXEFPMWLIW�E�GSQQSR�WXEVXMRK�TSMRX�EKEMRWX�[LMGL�JYXYVI

TVSKVIWW�GER�FI�QSRMXSVIH�

Establishing the sector emissions baseline

8LI�EWWIWWQIRX�IWXEFPMWLIH�E�GSRWSPMHEXIH�STIVEXMSREP

IQMWWMSRW�FEWIPMRI�SJ�ETTVS\MQEXIP]������QMPPMSR�XSRRIW�SJ�GEVFSR

HMS\MHI�IUYMZEPIRX��X'3�I
�JSV�TEVXMGMTEXMRK�GSQTERMIW�HYVMRK�XLI

�����GEPIRHEV�]IEV��8LMW�GSQTVMWIH�ETTVS\MQEXIP]������QMPPMSR

X'3�I�SJ�7GSTI���IQMWWMSRW�ERH������QMPPMSR�X'3�I�SJ�7GSTI��

IQMWWMSRW��8LI�EREP]WMW�MHIRXM«IH�XLVII�TVMRGMTEP�STIVEXMSREP

IQMWWMSRW�WSYVGIW�XLEX�GSPPIGXMZIP]�EGGSYRX�JSV�XLI�QENSVMX]�SJ

VITSVXIH�IQMWWMSRW��QSFMPI�HMIWIP�GSQFYWXMSR��QMRMRK�ERH�¬IIX

ZILMGPIW
��JYKMXMZI�QIXLERI�IQMWWMSRW��JVSQ�GSEP�QMRMRK�ERH

WXSGOTMPIW
��ERH�TYVGLEWIH�IPIGXVMGMX]��KVMH�IPIGXVMGMX]�GSRWYQIH�MR

QMRMRK��TVSGIWWMRK��ZIRXMPEXMSR�ERH�QEXIVMEP�LERHPMRK
�

8LI�GSRGIRXVEXMSR�SJ�IQMWWMSRW�[MXLMR�E�VIPEXMZIP]�WQEPP�RYQFIV�SJ

STIVEXMSREP�WSYVGIW�TVSZMHIW�E�GPIEV�MRHMGEXMSR�SJ�[LIVI�JYXYVI

QMXMKEXMSR�IJJSVXW�WLSYPH�JSGYW�XS�HIPMZIV�XLI�KVIEXIWX�FIRI«X�

-QTVSZIQIRXW�MR�¬IIX�I­GMIRG]��JYIP�W[MXGLMRK��QIXLERI

QEREKIQIRX�ERH�IPIGXVMGMX]�HIGEVFSRMWEXMSR�XLIVIJSVI�VITVIWIRX

XLI�LMKLIWX�TVMSVMX]�STTSVXYRMXMIW��%�LMKL�PIZIP�WGVIIRMRK�SJ

WIPIGXIH�7GSTI���GEXIKSVMIW�MRHMGEXIH�XLEX�HS[RWXVIEQ�IQMWWMSRW

EWWSGMEXIH�[MXL�XLI�YWI�SJ�WSPH�GSEP�EVI�WYFWXERXMEPP]�PEVKIV�XLER

STIVEXMSREP�IQMWWMSRW��EX�ETTVS\MQEXIP]�����QMPPMSR�X'3�I�EGVSWW

TEVXMGMTEXMRK�GSQTERMIW�

O PERATIO N A L BA SELIN E,  2 0 2 4

6.73m
tonnes CO₂e (Scope 1 + Scope 2)

4.38m
X'3₂I�7GSTI��

2.35m
X'3₂I�7GSTI��
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F U T U R E  T E C H N O L O G I E S  ·  S C O P E  1  A N D  2  E M I S S I O N S  M A N A G E M E N T  ( C ONT INU E D )

Sector readiness and current practices

8LI�VIWIEVGL�HIQSRWXVEXIW�XLEX�TEVXMGMTEXMRK�GSQTERMIW�LEZI

QEHI�QIERMRKJYP�TVSKVIWW�MR�IWXEFPMWLMRK�XLI�W]WXIQW�VIUYMVIH�XS

UYERXMJ]�ERH�QEREKI�STIVEXMSREP�+,+�IQMWWMSRW��%PP�TEVXMGMTEXMRK

GSQTERMIW�[IVI�EFPI�XS�GSQTMPI�EGXMZMX]�FEWIH�7GSTI���ERH�7GSTI

��IQMWWMSRW�MRZIRXSVMIW��TVSZMHMRK�XLI�JSYRHEXMSR�JSV�GSRWMWXIRX

WIGXSV�[MHI�VITSVXMRK�

8LI�EWWIWWQIRX�MHIRXM«IH�E�KVS[MRK�VERKI�SJ�STIVEXMSREP

MRMXMEXMZIW�EMQIH�EX�MQTVSZMRK�IRIVK]�TIVJSVQERGI��MRGPYHMRK

TVSGIWW�STXMQMWEXMSR��MQTVSZIH�IRIVK]�QSRMXSVMRK��GSRZI]SV

W]WXIQ�STXMQMWEXMSR��IUYMTQIRX�WLYXHS[R�EYXSQEXMSR�

SGGYTERG]�FEWIH�GSRXVSPW�ERH�FVSEHIV�IRIVK]�I­GMIRG]

MRMXMEXMZIW��7IZIVEP�GSQTERMIW�LEZI�EPWS�FIKYR�MRZIWXMKEXMRK

VIRI[EFPI�IPIGXVMGMX]�TVSGYVIQIRX�ERH�WIPJ�KIRIVEXMSR��%HZERGIH

IRIVK]�QSRMXSVMRK�W]WXIQW�ERH�QMRI�HMKMXEPMWEXMSR�TPEXJSVQW

EVI�IREFPMRK�GSQTERMIW�XS�MHIRXMJ]�STIVEXMSREP�MRI­GMIRGMIW

ERH�MRXIKVEXI�IQMWWMSRW�MRJSVQEXMSR�MRXS�VSYXMRI�STIVEXMSREP

HIGMWMSR�QEOMRK�

'PMQEXI�VIPEXIH�KSZIVRERGI�EVVERKIQIRXW�EVI�FIGSQMRK�QSVI

IWXEFPMWLIH��[MXL�VIWTSRWMFMPMX]�JSV�IQMWWMSRW�QEREKIQIRX

MRGVIEWMRKP]�WLEVIH�EGVSWW�STIVEXMSREP��IRZMVSRQIRXEP��«RERGI�ERH

QEREKIQIRX�JYRGXMSRW��1ER]�TEVXMGMTEXMRK�GSQTERMIW�EVI

WXVIRKXLIRMRK�EPMKRQIRX�[MXL�MRXIVREXMSREPP]�VIGSKRMWIH�VITSVXMRK

JVEQI[SVOW��MRGPYHMRK�-*67�7���XLI�+,+�4VSXSGSP�ERH�-73

�������������

Key opportunities for improvement

8LI�QSWX�WMKRM«GERX�STTSVXYRMX]�VIPEXIW�XS�JYKMXMZI�QIXLERI

IQMWWMSRW��%PXLSYKL�QIXLERI�MW�SRI�SJ�XLI�PEVKIWX�GSRXVMFYXSVW�XS

VITSVXIH�7GSTI���IQMWWMSRW��VIPEXMZIP]�JI[�GSQTERMIW�LEZI

TVSKVIWWIH�FI]SRH�QIEWYVIQIRX�XS[EVH�PEVKI�WGEPI�QIXLERI

GETXYVI��YXMPMWEXMSR�SV�¬EVMRK�TVSNIGXW��%�WIGSRH�TVMSVMX]�MW�XLI

GSRXMRYIH�MQTVSZIQIRX�SJ�QIEWYVIQIRX��VITSVXMRK�ERH�ZIVM«GEXMSR

�16:
�W]WXIQW�EPMKRIH�[MXL�VIGSKRMWIH�MRXIVREXMSREP�WXERHEVHW�

8LI�EWWIWWQIRX�EPWS�MHIRXM«IH�GSRXMRYIH�STTSVXYRMXMIW�XS�VIHYGI

IPIGXVMGMX]�VIPEXIH�IQMWWMSRW�XLVSYKL�MQTVSZIH�IRIVK]�I­GMIRG]�

VIRI[EFPI�IPIGXVMGMX]�TVSGYVIQIRX�ERH�WIPJ�KIRIVEXMSR�

ERH�LMKLPMKLXIH�XLI�MQTSVXERGI�SJ�WXVIRKXLIRMRK�PSRK�XIVQ

XVERWMXMSR�TPERRMRK�

Looking ahead

8LI�VIWIEVGL�IWXEFPMWLIW�ER�MQTSVXERX�JSYRHEXMSR�JSV�MQTVSZMRK

+,+�IQMWWMSRW�QEREKIQIRX�EGVSWW�7SYXL�%JVMGE�W�GSEP�QMRMRK

MRHYWXV]��TVSZMHMRK�TEVXMGMTEXMRK�GSQTERMIW�[MXL�E�GSQQSR

JVEQI[SVO�XLVSYKL�[LMGL�JYXYVI�VITSVXMRK�G]GPIW�GER�QIEWYVI

TVSKVIWW��*YXYVI�VITSVXMRK�[MPP�JSGYW�SR�MQTVSZMRK�16:�W]WXIQW�

WXVIRKXLIRMRK�GSRWMWXIRG]�MR�IQMWWMSRW�EGGSYRXMRK

QIXLSHSPSKMIW��ERH�WYTTSVXMRK�MQTVSZIH�]IEV�SR�]IEV

TIVJSVQERGI�IZEPYEXMSR�

Figure 1: Sector decarbonisation implementation roadmap, progressing from strengthened emissions measurement and governance, through operational
decarbonisation, to longer-term technology transformation.
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S E C T I O N  E L E V E N

11
Financial
Statements
*SV�XLI�]IEV�IRHIH����1EVGL�������%YHMXIH�[MXLSYX

UYEPM«GEXMSR�F]�6ERVYW�-RGSVTSVEXIH��[MXL�KSMRK

GSRGIVR�GSR«VQIH�
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F I N A N C I A L  S T A T E M E N T S

8LI�ERRYEP�«RERGMEP�WXEXIQIRXW�JSV�XLI�]IEV�IRHIH����1EVGL������[IVI�EYHMXIH�F]�6ERVYW

-RGSVTSVEXIH��[LS�MWWYIH�ER�YRUYEPM«IH�STMRMSR��GSR«VQMRK�XLEX�XLI�WXEXIQIRXW�TVIWIRX�JEMVP]��MR

EPP�QEXIVMEP�VIWTIGXW��XLI�«RERGMEP�TSWMXMSR�SJ�XLI�%WWSGMEXMSR�MR�EGGSVHERGI�[MXL�XLI�-*67�JSV

71)W�WXERHEVH��8LI�WXEXIQIRXW�[IVI�ETTVSZIH�F]�XLI�&SEVH�ERH�WMKRIH�SR����.YP]�������8LI

TVMQEV]�WXEXIQIRXW�EVI�VITVSHYGIH�FIPS[�

Statement of Financial Position (R)

2026 2025

4VSTIVX]��TPERX�ERH�IUYMTQIRX ������ 24,993

8VEHI�ERH�SXLIV�VIGIMZEFPIW ��������� 32,771

'EWL�ERH�GEWL�IUYMZEPIRXW ���������� 20,780,717

Total assets 24,794,554 20,838,481

%GGYQYPEXIH�WYVTPYW ���������� 14,977,545

2SR�HMWXVMFYXEFPI�VIWIVZIW � 1,416,111

Total equity 16,761,246 16,393,656

8VEHI�ERH�SXLIV�TE]EFPIW ��������� 4,444,825

Total equity and liabilities 24,794,554 20,838,481

Statement of Comprehensive Income (R)

2026 2025

6IZIRYI ���������� 10,800,583

3XLIV�MRGSQI ������� 1,310,689

3TIVEXMRK�I\TIRWIW �����������
 (10,756,987)

�(I«GMX
���WYVTPYW�JVSQ�STIVEXMRK�EGXMZMXMIW (1,307,731) 1,354,285

-RXIVIWX�VIGIMZIH ��������� 745,048

Surplus for the year 367,590 2,099,333
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F I N A N C I A L  S T A T E M E N T S  ( C O N T I N U E D )

Statement of Cash Flows (R)

2026 2025

2IX�GEWL�¬S[W�JVSQ�STIVEXMRK�EGXMZMXMIW ��������� 2,005,519

'EWL�¬S[W�YWIH�MR�MRZIWXMRK�EGXMZMXMIW � (34,781)

2IX�MRGVIEWI�MR�GEWL�ERH�GEWL�IUYMZEPIRXW ��������� 1,970,738

Cash and cash equivalents at end of year 23,189,710 20,780,717

8LI�«KYVIW�EFSZI�VITVSHYGI�XLI�TVMQEV]�EYHMXIH�WXEXIQIRXW��8LI�GSQTPIXI�EYHMXIH�ERRYEP�«RERGMEP�WXEXIQIRXW��MRGPYHMRK�XLI�EGGSYRXMRK�TSPMGMIW�ERH
RSXIW��EVI�EZEMPEFPI�JVSQ�XLI�'SEPXIGL�S­GI�

R15.4m
Member contributions and fees

R12.7m
Direct research investment

R367.6k
Surplus for the year

R23.2m
Cash and investments

11

✓
A UDI T  O PI N I O N

9RUYEPM«IH

-WWYIH�F]�6ERVYW�-RGSVTSVEXIH��GSR«VQMRK�XLEX�XLI�WXEXIQIRXW�TVIWIRX�JEMVP]��MR�EPP�QEXIVMEP

VIWTIGXW��XLI�«RERGMEP�TSWMXMSR�SJ�XLI�%WWSGMEXMSR�MR�EGGSVHERGI�[MXL�XLI�-*67�JSV�71)W

WXERHEVH��+SMRK�GSRGIVR�GSR«VQIH��XLI�%WWSGMEXMSR�VIQEMRW�HIFX�JVII��7MKRIH���.YP]������
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S E C T I O N  T W E L V E

Looking
Ahead
Coaltech enters the coming year with a deliberate

strategic direction: to widen its lens from

improving coal in today's context to shaping

the role of coal within South Africa's whole

energy system, and to move from a volume

based view of coal to a value based one.

The next research programme, spanning 2027 to 2031, is being shaped now

with members and industry, on a single conviction: that Coaltech must be

essential to its members and relevant to the nation.
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T H E  S T R A T E G Y  F R O M  H E R E

A broader lens for
the future of coal
8LI�WXVIRKXL�SJ�'SEPXIGL�LEW�RIZIV�FIIR�MR�UYIWXMSR��XLVII�HIGEHIW�SJ�VIWIEVGL�LEZI�TVSZIR�MX�

8LI�STTSVXYRMX]�RS[�MW�XS�[MHIR�XLI�WXVEXIKMG�PIRW��8LI�UYIWXMSR�MW�RS�PSRKIV�SRP]�LS[�XS�QEOI

GSEP�WEJIV��GPIERIV�ERH�QSVI�I­GMIRX��FYX�LS[�GSEP�[SVOW�[MXLMR�E�FVSEHIV�IRIVK]�W]WXIQ�

EPSRKWMHI�VIRI[EFPIW��WXSVEKI��KVMH�MRZIWXQIRX��[EXIV�WXI[EVHWLMT��GVMXMGEP�QMRIVEPW�ERH

MRHYWXVMEP�HIQERH��4SWMXMSRIH�XLMW�[E]��GSEP�MW�RSX�HIJIRHIH��MXW�VSPI�MW�HI«RIH��ERH�MXW�ZEPYI�MW

WIGYVIH�[MXLMR�E�VIWMPMIRX��FEPERGIH�IRIVK]�QM\�JSV�7SYXL�%JVMGE�

F O UR  S H I F T S  T H AT  S H A P E  O UR  T H I N K I N G

Either / or → &SXL���ERH

2SX�GSEP�ZIVWYW�VIRI[EFPIW��'SEP�ERH�VIRI[EFPIW�

[SVOMRK�XSKIXLIV�XS�TS[IV�E�VIPMEFPI��EJJSVHEFPI�ERH

GPIERIV�7SYXL�%JVMGE�

Volume → :EPYI

2I[�ZEPYI�EGVSWW�XLI�GSEP�ZEPYI�GLEMR��JVSQ�F]TVSHYGXW

ERH�[EWXI�XS�FIRI«GMEXMSR�ERH�XLI�GVMXMGEP�QMRIVEPW�E

QSHIVR�IGSRSQ]�RIIHW�

Defending coal → (I«RMRK�MXW�VSPI

4SWMXMSRMRK�GSEP�[LIVI�MX�EHHW�XLI�QSWX�ZEPYI�MR�E

FEPERGIH�IRIVK]�W]WXIQ��WS�'SEPXIGL�WXE]W�GIRXVEP�XS

REXMSREP�IRIVK]�WXVEXIK]�

Many small
projects

→ 7IGXSV�WLETMRK
TVMSVMXMIW

*I[IV��PEVKIV��GS�JYRHIH�TVMSVMXMIW�XLEX�EHHVIWW�7SYXL

%JVMGER�GLEPPIRKIW�HMVIGXP]�ERH�HIPMZIV�TVEGXMGEP�MQTEGX

EX�TEGI�
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O U R  D U A L  M A N D A T E

Responsible energy security,
and the future value of coal

RESPO N SI BLE EN ERG Y SECURI TY

'SEP�VIQEMRW�IWWIRXMEP�XS�XLI�REXMSREP�IRIVK]�W]WXIQ

ERH�MRHYWXVMEP�FEWI��'SEPXIGL�[MPP�OIIT�HVMZMRK�^IVS

LEVQ��PS[IV�IQMWWMSRW��GPIERIV�QMRI�[EXIV�ERH

WXVSRKIV�IRZMVSRQIRXEP�TIVJSVQERGI��WS�XLEX�VIPMEFPI

IRIVK]�MW�HIPMZIVIH�MR�E�VIWTSRWMFPI�QERRIV�

FUTURE V A LUE O F CO A L

&YMPHMRK�SR�E�7SYXL�%JVMGER�PIKEG]�SJ�MRRSZEXMSR�

'SEPXIGL�[MPP�WXVIRKXLIR�MXW�*YXYVI�8IGLRSPSKMIW

JSGYW��«RHMRK�TVEGXMGEP��WYWXEMREFPI�YWIW�JSV�GSEP��MXW

F]TVSHYGXW�ERH�MXW�[EWXI��ERH�YRPSGOMRK�ZEPYI

EGVSWW�XLI�[LSPI�GSEP�ZEPYI�GLEMR�

S E C T O R  S H A P I N G  P R I O R I T I E S ,  2 0 2 7  T O  2 0 3 1

'PIER�GSEP
XIGLRSPSK]

&YMPHMRK�SR�XLI�,MKL

)­GMIRG]�0S[�)QMWWMSRW

TVSKVEQQI

;EXIV�ERH�FVMRI
QEREKIQIRX

8YVRMRK�E�PMEFMPMX]�MRXS�GPIER

[EXIV�ERH�ZEPYI

:EPYI�JVSQ�HMWGEVH
ERH�YPXVE�«RIW

;EWXI�QEXIVMEPW�EW�IRIVK]

ERH�TVSHYGXW

(MKMXEP�XSSPW��WEJIX]
ERH�%-

1SRMXSVMRK��STXMQMWEXMSR

ERH�TVSXIGXMRK�TISTPI

'PSWYVI�ERH�PERH
PIKEGMIW

6ILEFMPMXEXMSR�ERH

TVSHYGXMZI�EJXIV�YWI

(IPMZIVMRK�XLMW�EKIRHE�GEPPW�JSV�GSPPIGXMZI�EGXMSR��'SEPXIGL�EW�XLI�ZILMGPI�XLVSYKL�[LMGL�QIQFIVW�GSRRIGX�

EPMKR�EX�WIRMSV�PIZIP�ERH�GS�JYRH�XLI�TVI�GSQTIXMXMZI�VIWIEVGL�XLEX�RS�WMRKPI�GSQTER]�[SYPH�YRHIVXEOI

EPSRI��(EXE��IRIVK]�ERH�[EXIV��[SVOIH�MR�LEVQSR]��EVI�XLI�GSVRIVWXSRI�SJ�XLEX�WLEVIH�JYXYVI�
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