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o ABSTRAGT

- The hmtory of electriclty gmwth in South A'frica has been one. of S
 rapld growth.”  This reached as high as 13% in one year with
‘the increase in electrificatlon of minihg and industry from the -

§ ..1_960’5 to 1980%s. - - In addition the development of new mines and -.

. new milnerals beneflcla'tlon' plants, especially metals: bengficlation, . -
- accelerated electricity growth due to thé electricity intensive end

use teehnologles Implemented that were spaclflc to those industrles.. _ o

» __'_._The lncreasing ‘electrification of metai productlon and metals
i processing industry -In the RSA has shown a parallel with that of o
" “the USA In the 1980’s, despite their relatively low price for: naiura!

_:__'-'.f:.'_.”ge.s, which also has an overall thermal efflcient.y aﬁvantage.

in the speclfic perlod fmm 1889 through 10 1992 the impact of
reduced ‘growth in gold mining electricity consumption and phyelcei

~ shutting down of major metals production plant due to low world .

- commedlity prices had a profound effect on the growth rate of -
electrical energy demand In the Republiic of Sauth Africa. The .

change 1h the customer mix of electrical energy consumed (GWh) in
the RSA and distributed. to the nelghbourifig states, and also on

© the power (MW) demand profile of tha integrated ESKOM power .
system has revealed the significance ofihe underlying teohnoleglee e

- ahd processes In use by key industrial and minihg electricity .
- ~gustomers I thlg country. As hew markets and technologies have' '
become available subsaquent to the 1994 political changes in the

" Republic of South Africa, the renewal of major production plant in
the sectors of interest in this report and IntredUCtlon of s..ate-*of-
the-—art process equipment ‘has accelerated. :

" The Importance of understanding hoth the nature of speciﬂc
end-use electrotechnology and the way In which it |s used, that
_Increases energy consumption volumes and power demand levels or
alternatively decreases these levels and re-—shapes the demand
~ profiis, has been reviewed In ‘this report. '

The report has fecussed on the majer Industry sectors of the _
South African economy, namely m.alng, metals and non ~ metallic
minerals. In the mining sector, the emphasis has been placed on
gold, coal and platinum. The metalllc minerals sector covers majnly -
the ferrous metals and alumintum. The non ~ metallic minerare

- processing eecter Includes glass, cement, ceramice, -

'WIthin these eectors, this report highllghts the key processes o
‘Involved, the major equipment used within these processes, the -
electrlclty intensaity of production and the electrical load o
profile of demand characteristic of the sector or sub-sector. Future
electrotechnology potential for change In sach of the sectors have
baen ¢onsldered, along with possible impilcatlons for change in
slectricity demand charactertetics _

cwrent end-uee electrotechnolegles have been aSSeesed from the_

perspective of the main applization benefit such as heating or

motion, as well as newer or emergent technologles which may

compete with those in current use., Such competition is typlcally
- due to greater: efficlency,. product uuality, r enhanced
environmental impact perfermance



;--_Intarnationally, thera has beaﬁ a pmgressive davalopment by
-electricity utilitles to take into conslderation both :"supply slde" R

o optians Le. power generation, transmission and distrgautlon, ag weﬂ

- a8 "demand side" options Lie. customer power usade, i an appmaoh
._'-uswally referred to as Integrated Resoume Plannlng (IRP}. U

_'“The use of TR has been strongly Infiuenced: by ‘the. Insights .
‘gainad into the role that the end-ués elsctrotechnology choice of

" the customer plays and aisa by the Impact of research and -«
- developmant innovations of process squipment’ developers, - “The.

underlying Infiuences of erivironmental sustainability, energy costs
- dnd global. product competition have, Ih turn, directed the nature
i of investment. and lm:entlves for r‘eﬁ.iearf;h, ﬁevelopmerrt and

lmniamanta‘tlon cho!cas. -

fhls. report hlghilghts key fimﬂnga in tha ‘areas of lndustrla{

| .. end-use equipment changes, Impiications for Governmsnt pai!cy In |
L energy. effictency and industrial conipétitiveness, research ' :

5 Raeommandaﬂans are made for decialcm makars ln tndustr-y, S
.. governmant, sducational Institutions and. résedrch er’ganlsatla_r_gs‘fa %

..relevance. G

--'tmperatlvas, and cansidaratlons for anglhaéring currlcula ln hlghar‘

‘strateglc shifts of benefit to a growing economy which is .
“increasingly thrust into competitive worltd markets, and. which Is
deemed the leadar n the renaissance of Afrlca as 2 corﬁ;lngh‘t v
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' ANALYSIS oF END ‘UsE ELECTROTEGHHOLOGY m MBTIHG AND.

\ -

s
3 -

MINERALS AS A DETERMINANT FOR  ELECTRICITY GROWTH WITH . S

" SPECIAL REFERENCE TO THE RSA

o .'_EXEGU’PIVE summ m anmcs AND nmcomumamoxs .
Introductlon | -

: "The elect.nmty uaage oi key mmera.ls a,nd processes in selec:ted S
. .mdustry sectors are reviewed in Sections 2, 5, 6 and 7. Sections 2, . - .
- 3y 4, 8 and 10 focus on the electricity demand o load profile and = = = -
energy tonsumption across the spectirum of these sectors and their -
~associated - electrotechnologieaf- ection 9  covers g brief history of . .
_electricity pricing in  South Africa. Tablew 8.1, 8.2, and 8.3 show - - . -
'_est.ima.ted electnmty use’ m aelected mimng and mmerals aectors. -

'Table 8.1 is repea.t.ed helow for eaae of reference. (Gwper (1991))

: T&,ble 8 ‘l EIecﬁrlmty End— Uae in: th(’ Selected Sectors oi' Mmmg
' o aJud bhluﬂﬁﬂs (Cﬁfh) for 14 Lo _

| T ] HEAT |MECHAN -'C_HEM LIGHT [TRANSINON - {TOTAL | -~ -
SECTORS j | -aCAL|-TOAL| -ING)-PORTIENERGY} -}

o Coal M1n1ng - 120{ 2042 of 63 1 | o |2228f =
. Mataiore - | 676| 3 756| 282 231 o {as2 | E287]
CiMining . R N SR S IR T

fooid Mining | 8 297{19 923{ of eer[149 | o |24 oaef
Iofamond -~ . 46831 ~ o 40] 0| 0 §. €7}
f Mipdngs o [ o p o[ 3 BN I
~fOther Mining [ 138) 1 183] ~ of 70{ o | 0 | 1892}

o ﬁ-ining TOTAL, | 4 278|27 735 2821 071|150 | a4z |38 e58)
4 %] i2.8] 81,9 0,8] 3,200,4 | 1,0 | 100,0f

Fsrrous 10 o81{ 3 251[1 827y ae5[ o [ 15 |15 539)
 [basic Metals | | 5 R R I R :
. fNon-Ferrous - 539 866{2 373 223{ 0 |- 1 | 4001}
basic Metals | SRR SR E T U S —

16 |19 540

Metals TOTAL |10 620| 4 i116|4 200] 588{ 0 | |
R % 1o, 100’0

54,41 21,1] 21,6} 3,0[

A B

EE ey B

Apottery | 138l 110l o 12
N T |

Glass 1o zest 1491 o 46
Other non- . R (R
- fmetalle | 239l 2 703 - 1| 97|
minera1s : A T A

.

1 | aos2d

Nort—nata]ﬁc RUEEIEE IR (Y (PR SR VRN IR N
: TOT&L . 642] 2-962] - 1} 165] ‘1 | B8 | 3 819}
% | 16,80 T8l - =] 4,47 - {1,656 | 100,0

Isectors TOTAL[15 541(34 8134 483|1 814|181 | a16 {67 247
0 % yoer2| 80,8 7,8{--3,2(0,3 -1 0,7 | 100,0




A compa.nson of the key sector totala for 1990, 1991 and 1993 from -
Tables 3\1, 8 2 a.:nd 8.3 is shown m Table 8. : o

Ta.ble 8.4 Companson of Electmczty End—Use 19‘30, 1991, 1993

o HEAT' MECHAN-cHEM 'LIGHT TRANS[NOX 'TdTAL |
SE°T°R '-wf_' | -ICAL{~ICAL] ~ING|-PORTIENERGY| . |

Mining TOTAL | 4 27827 735| 282{1 o71| 1s50] -a342{a3 ess|
1990 x| 12,8 81,8 0,8) 3,2[ 0,4 1,0 100,0]

E  -,M1n1ng TOTAL | 3.591{27 038 361{1 0t0| s24| seofss ser|
T 1991 - %[ 10.8) 8f.0) 4l 8.0f 2.5 1.7] 100.0]

"~'-M1n1ng TOTAL'--3'024 26 8601 74|1 334[1 aT1| - 32 764|
11998 "-.* 8.2} 82.0f e.2] 41| 4.8 - | 100.0f

METALS

1900 x| 54,4l 211) 20,8 3,0] 0 | 0,1 100,0{

1991 T x| stuaf atus| 1az] 4.2f - | - ) r00.0f

- IMetals TOTAL '13f§z6' 4 488(1 489| 686! 3| 10|20 02|
|13 x| er.6] 2t.8| 7.2[ 3.3] - | - | 100.0{

-NON—METﬁLLIc |

e |

' Non—met3111c SRR R AR SR B I
1 rotau| e42l poees| - 1 85| ssf 3 si9]
1990 % | 185t 1758f -f 41 ~ | 1,5} te0,0f

- _:Nun—meta1iic o 1 - T 1
11991 . ToTAL| - 797{ 2 849| 1| 272 - |- e8] 3 gss|.
1 =] 20.0] ?1.5  - | e8] -~ [ 1.7} 00.0f

Non—mata?Tic - R IS B R
1 TotAL| 7161|2787 43| 2857 1] 7| 3 8s5|
1093 x| 9.7 72.8) 1] &7 - | - | 100.0f

'SECTORS TOTAL |

|sectors ToTAL 15:541-34'813_4 4831 814| 151} “41&_5?_217 -

1991 x| 25.8] e2.6] 5.3) a7l t.4] -1.1] 100.0{

"Sectors TOTAL[17 711(34 135[1 606 2ﬂ&77 1415 18]s7 221]
tees x| at.of so.0f 2.5] 4.0] 2.6/ - | 100.0f

' : o s :xii*
Summary of Sectors and Electrotechnologies L

{Metals TOTAL [10 620| 4 11614 200{ 58| o | 16[1e.840{ -

- |Metats TOT&LT-jﬂ'ﬁfﬁ 6 460]2 722! 863 - |  13[z06e8]

Sootors TOTAL|14 990|36 3443 04|z 144| s24| o418 08|



- respectwely m 1993. :

"'_Summa:t'y of Seci‘.ars and Electratechmlogms o

' The "period covered  in the. data collection ‘project. (coo;per, 1995)
was one of stagnant fized investment in a stagnant economy. The -

variations shown are primarily  those of capa.c;ty ﬂt:lhsa.t;[on rather s

- than substa.ntial shifts in technolog:es.

_ From Tables &1 and 8.4, it can be seen that for the aectors
- ¢covered in this report, the elect.nmty requlred for mechanical . .

end~ugse ranged from 60.0 to 62.6%. It is as high as 82% for the

mining - - sector, Energy conversicti into mechanical energy through = -
 electric motors, across the majority - of end-use sectors leads to =

predominant - use. of electricity’ natlohally nafely 47%  to 48.6% i

1993 - (Table . 83). This vrepresents 4 - substantigl end-use -

electrotechnology in South Africh, In a study undertaken for Chile
by Alvaradd, S. and - Maldonado, P.(19956), they report drive power

for mechanical energy of 88 to. 92% in copper a.nd iron mining .

3

'me the- study by EPRI (1985&), tha rap1d penetratmn of elentromd E
a.¢. -adjustable speed drive techriplogy nearly tripled  over the -

 period from 4% to 11% of total electricity used  in motor drives.

The benefits of 1mproved controllability and -energy efficisncy = - .'

. improvements were believed to be the driving forces for the rapid -

rate  of growth. " The saviny in. electnclt.y through efficiency -

 quoted by EPRI were large, nanely 5TWh in . 1980 and 15TWh in. :. .

. 1985, This implied - an efficiency prrovement of 1% and 2.9‘% in
' those years respectively tbraug}r t.be use oi"- eleatromc a.c. :
_ad_guqtabi‘e speed drzve coni:roi e T

South African a.pplmations technology and competence in the fxeld

" of  motors and drives has been recognised world wide. The intense o

' importance of very large motor drives for application in. minmg for

ventilation, for naterials hoisting and mﬂlmg hag had major L

'mﬂuence dn South AltTcan development of skﬂls in thm fleld

‘With- reasonable expectatmn of economic growth and exploitatlon of -
‘mineral resources aud further beneficiation.  of those minerals in
South Africa, it appears redsonable to expect that the share of
electricity consumed by mstors will be maintained. The type of
_efficiency - and productivity improvements experienced in the USA
through electronic drive control can be expect;ed to be implemented
in South Africa over time. ' . .

The intensive use of vIenctnczty in electm motors in the sectors of

interest and the efficiency improvements claimed for the USA -
 suggest that energy savings in the RSA conld be substantial, At -

the _derived EPRI estimate of 2.9% this would repreaent s total |

saving of 1010 GWh. | B
The imtmtmn of a single lzft shaﬂ: for opera.t;on i 1996 a.t the new :

South Deep mine, with a depth of 2750m, which is 250m deeper than i

the world record {Creamer, M. {1985) reinforces this dependence on -

motor technology. The supply to this new shaft compiex is 160MV& S

(Ruffmi, A, (1995)
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_. The informaiuon -on electrimty for hea.t energy purposes in South
Africa shown in Table 8.1 is unfortunately not divided into the
different types of heating processes. - Nevertheless it does show

that, 27% (1990) to 31% (1993} of the electricity used in the sectors

of interest is for heat energy, which is the second la.rgest end-use

L apphca.tlon. "~ The data ddes however l'nghhght the substantial

use of electricity for heating - in gold mining, metal  ore mining,
ferrous basic metals and. Blass processing. This identifies areas for
energy effmlency targeting and ;nvestment in ‘more. energy efficient
plant. . .

| .Uae of electric are furna.cea in Sauth Africa. was well esta.blished .
with  the advent of the ferro-metals industry ~which has been a

"~ major user of the technology. " Aided by extensive research by

Mintech, South African = producers have become the worlds lowest
cost producers and 1argest exporters eapecia.lly of ferro-—chrome x

Compe.rmg the South African " data on electriclty for heating mhh .

. the USA data (EPRI, 1985), admittedly for periods differing 'by 5 |
yea.rs, the RSA total figure of 27% is very high relative to the 8% -

in the USA, confirming the lavrge impact of primary metals and

mining industry on total RSA electricity consumption. Additional

investment in the RSA in primary metals beneficiation which has
been mooted, conld lead to. a substantial increase in the use of
electricity for thermsl processes. In the iron and steel indugtry tha:
phasing out of Basic Oxygen Furnaces in favour of electric arc
tfurnaces could see a major shift in electricity use, subject to the
management of the dust production which has environmental impact -
" problems. For 1991, the USA used 37% of electricity for thermal =~
. procesges in the primary metals industries for Blast Furnaces and -

 Steel Mills (DOE/EIA, 1994), This demonstrates that the technology
' growth expectations in the EPRI study of 1988 were achievedi T

The same 1988 EPRL st‘udy concluded that plasma arc systems would .
be in use by the year 2000 for steelmaking cupola retrofits, for
electric are furnace dust processing, for ferro alloy praduction and -
for direct ore reduction. The review by Garz,:l.992 confirmed this
trend, South Africa has been a world leader in plasma arc systems.
This could stili 'repreaent competitive advantage for this. 'caunt:r’y. '

Gonversion to electrotechnologies for metal meltmg waa drwen more
by the technology developments and their associated benefits, than
the relative cost of electrical energy (EPRI, 1986).

Metal melting apphcat;ons of induction furnacea int.lude the refming
“and ' holding of metals in the casting industry, and in meilting and
' superheating steel for subsequent processing in e.g. Basic oxygen

furnaces, With the use of higher frequencies for induction furnaces
which has been made possible by power slectronicg developments, .
and the ability to schieve better products and performance; the

" extended’ use of induction furneceg for the metals industry in N

South Africa appears likely, Product quality improvement for export

products can be expected to stimulate increased use - of this .

‘technology, while adding to the challenges of supply system
desighers to deal with the effects of the high speed switching

electronic systems. . o
: - :_x.iv .



The - importanca; of metal melting techmlogy apphcatmn in Sout.h o

Africy ie confirmed - in Tables. 8.1, 8.2 -and 8,3, The predominant
a,pphc.ation m the non—ferrous metahs industry i for alummum._ o

A total of 7.8% oi' electnmty in the. sectors of mterest. i uaed for '

chemical energy. ‘In the USA in 1985, 40% of electricity consumption
for elegtrolytic processes was mncentrated in the metals production
- ‘industzies, as the technology had wide application in many ofher
. sectors' such ab waste stream hreat.ment in the chenucal, paper and
- pulp ami textile mdust.rles : . -

In the a%‘udy by - EPRI (1988) it Was estama.ted that the;re was an
installed - capaclty of 500 to 1000MW of RF heating and drying

 equipment in the USA in 1980 . and the rate of growth was 2% per. o

annum. Electromagnetic = radiation in the radioc frequency range,
fypically 13.56 MHz to 27.12  MHz, has been used to heat dieleciric

- materials, © These systems have -not been used intensively in the - -

mining, metals and minerals secto¥s, but have been primarily used

in  plasticsy wood, paper, textiles and the food preparation

industries. * - They have progressively found use in drying of thin |

crose section c.eramms, and smell dimension post m:ulators prlor to o

fmlng in kilna. _ _ _ _
'RF heating insta.]latwns are - rela.nwrely expensive and as & heatin,;

- source - electiicity is also relatively expensive compared with. fossil =

- fuelg both in Bouth Africa end the USA. = Hence its use is usually -

. dependent on specific product and  process requirements which
cannot be pravided readily by the slternative heating processes,

Much experience has béen gained vver the time since RF heating =

 was introduced ini 194} (EPRI, 1987¢), Assuming the example of the -

'~ USA and the prolifévation of instailations, believed to have been
between “B60 000 and 100 000 with an average size of 10kW (EPRI, :
1987¢), there appears to be potential for increaged use of RF in a
_varzety of apphcationa in mdustry in South Afrma. : : -

- The estimated installed capamty of all induatrial micmwave :
equipment in the USA was 24MW in 1880, and this was expected to
double by 2000 (EPRI, 1988). Since the efficiency of conversion of

electrical energy to energy in the workpiece  is some 50%, the =

energy cost of opervation is relatively high, and the application has
to justify the combined high cost of capitsl and running costs.
Candidate materiale that justify spevial treatment are those which
have thick cross sections that are promne to Werheating the surface -
in order to heat the internsl parts, heat sensilive material, and
expensive material {EPRI, 1984a). - Combinations of hot  air and
microwave drying have been tested and -found cost-effective for
bulk drying of selected polymers. - Destruction of organic waste
has been demonstrated with the aaafstanca of mmmwave piasmas at
Rock.well, in the USA (I 4, 1984&)._ : L

As South Africa moves prog: easively dmm the path of more -
. beneficiation of metals and minerals towards more manufacturing,
the under-represented electrotechnologies for materials processing
will become more important and influence the. relatwely low eziating o
electricity demanda of manufacturmg. - _ .
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Impact ﬁaf Electrotechnology Developmant m Mi.mng and Mmera:ls B
. Sectars

A aubst&ntml shi.ft in end—usa electrotechnologies in the various |

sectors which could impact the electricity lbad profile, and the - -

neture of supply needed by the specific type of  lcad, can.

significantly - impact not only the planning, design and cost of -

~ electricity supply systems, but alesc the nature of services and
quality of supply needed: by customers. The industrial development.
‘policy ‘and’  also the . s&cience and ‘technology research &nd
development policy of the country ~will have a direct influence on
these -issues. In turn the educatxon and  training needed by
members - ‘of  the engineering - team, particularly the eleatrical'

engmeers, in order to. meet these needs will be mﬂuenced.

' "'At the Tevel of application of eleei‘.ricity in md.ustrial broceases, the -

implications are that education and. training in the electrical .
engineering disciplines will require special attention. For such

- & transition into new or undér-represented technologies to be

" gustainable and suce.eszful, br1dges bet.ween engmeenng diaciplmea
will need to be Btrengthened. : . _ : o

. The underlymg drwmg forces that lead to changes in end use -

technologies - and processes are closely tied to increasing pressure

-~ for sustainable ' environmental practises, and  global campet.:tian
‘based on: qua.hty products and keenly st.ruatured pmces. . S

A change in the electriclty mtensity of maaor mduatry has the
potentia& to change the gross primary energy needs of the country
in a pesitive sense, il new electrotechnology is more efficient than
the older technology that was in use. - This has constructive
implications for the environment both - from the point of view of
poliution and extended life of non-renewable energy forms,

The sectors described already operate at relatively high' electrical o -

“-load  factors. The electrotechnologies which have been successful .
within these sectors and these which  could have further impact,

mostly represent demand of a high load factor type. This is .

typical of comntinuous thermal processing. - Such an increage in - -
- bage load demsnd would be gignificant’ for the electricity supply
industry . An improvement of the daily, weekly, and annual load

‘factor is intrinsmally advantagecus from the point of view of the

supply system as both generation and distribution - utilisation

improvement can lead to savings over the longer term and lower

price increases to customers. The historical power plant mix for the | . -

RSA ag provided by ESKOM has favoured base load generation,

There is ab this stage & demonstrated decline in_ the__Sputh African

system load factor as an increasing number of residential customers
‘with- very low load factors are connected on ta the system.. - As
is  discussed in the report, there hat been a newly. emermng*
 evening winter peak that has shown progressive increase in size.
This effect is expected to continie as the national imperstive for
electrification of homes,  schools and primary health clinics lB_
accelerated to meet the h1stor1ca.1 backlag. ' o . L

- )wrl. :



The Ioad profile neads to be m&naged at - various levels in the_-- _
supply - chain. and in ‘' the customer environment to - ensure that' -
-electricity service and prices are maintained orf improved. - o
' Characteristice of sector process loads and flexibility of operation
of technologies can be harnessed to aid in the overa.il management,' :
of the supply-'demand balance._ - _ S

There is however a substannal ru;k m the growth of ca.pacity of an

_ even—largernths.n—present customer base that has a process load
which  is dependent on world commodity markets, combined with a

‘weak  domestic. demand, The cyclic fluctuation of that. load as

_ productive - capacity becomes idle as. it follows the internataonal
- price cycles, can impose severe limits on the ingenuity of planners

. of electrical capacity as well 48 of d-evelpp_ersr cof  customer
¢ interventions in the electricity supply industry, - The effects on .=
- related industries that. suffer a ripple effect of the commodity . cycle '
through ‘the national economy are also severs; &8 _i___s a.lao _seen_ in -
- h1storical electr1c1ty consumption hgurea. : ' - i '

"'An advanbage of & substantial thermally based customar paol is that N

it offers the potential to structure interruptible supply agreements

in an innovative way to suit the thermal characteristics of the
“process plant. With appropriate price incentives for the customer
on the basilg of  either instantaneous or pre—arranged Ioad

- reductions this approach has been used succesafully in. for example .~

~ the USBA and France. - It has  recently been eéstimated that -
: -interruptlble loads on the ' current South Afncan svstem could be '
as l'ugh as 3 OCOMW.. (Etzinge», 1995) B R

-The emphasis in- the curncula of electrical engmearing departmenta_
at universities and technikons has for many  years been on the
generation, transmission and d:stmbutlon of electricity and the use
of electrici*y in electrical motors: Until recently this has been.

- appropriate and has adequately covered the needs of industry as .

ugerg. of electricity and also the electricity supply induatry in o
g dealmg mth the challenge- of supply performa.nce S '

- W:th the. stronger emergence  of substantial electmtechnclogms
" associated with thermal pmcesses, dependent on & deep
appreciation of materiale science and- thermpdyna.mics, . a8 new
dimension has been added which has not been part of traditional

curricula of elestrical engineers. . In addition the complexity of '

designing integrated supply -~ demand systems with considerable -
uncertainties has also progressively changed the na.ture ami g
complexity of power systam planning. S _

-Operatmnal contrel of power systems with the mcreasad flembility :
and economic trade-offs of power plant versus customer load
modification has become more complex. . Where customer load
modification options include  customer - owned generation; the
greater penetration of. distributed embedded generation in a power_'_ .
system which has traditionally been able to be treated as a
virtually single source of supply viz the Bastern Transvaal
Highveld, will impose more system int.erconnection demgn and
dmpatching comple:utles than befare. -



' Most of the technologies described are dépendeht on sophisticated

) . electronic. control systems. Large loads are electronically switched. =

These often require apeeml treatment for maintaining quality of -
supply, _ - DR

From an educatmnal perspectwe the electromcs deslgners require a:
auoata.ntla.l_ insight into the mpact of their designs on power
systems. = The electrical engineers need an underiptanding of the

mpact of the elecironic control systems on power systems and the

means  to introduce appropriate interventions o retain quality of

. supply within reasonable bounds. Measurement of these phenomena
has a vitzl rolé to . play in succassfu]ly mtarven,ing a.nd managing

'.--these mte :mtwe systems . _ : Lo

The topic of emnronmenta.l management and the rela.ted isaues is
very - large, and cannot be dealt with in depth in a report of this
nature, Howevér, _the linkage oi energy and -electricity
utilisation up the chain of dehvery processes thraugh to.

___'productmn has been recognised as an important means of reshaping
o -prmaax-y energy uss and 1ts conversion to electrw:ty.

_ -Nonu-renewable pruna.ry enargy carriers used for elect.ricity
generation such as coal and  nuclear fuel, - have been specifically,
-targeted for reduced utilisstion world wide. ~ This has also been a
occurrmg to some exl:ent in South Ai'rlca,. ' K

o Where grea.t;er end use efﬁclenc).es can be achieved through more -
effective -and efficient electrotechnologies, the beneficial 1mpa.ct all
along - the supplyfconveramn chain has  been recognised.. = - This
‘has been. a wmajor driving force within the USA regula.tory Co
- ‘development which imposed . demand side management " (DSM) -
- programmes on electricity suppliers over a period of some 23 years
since the 1973 oil price and availability shocks.  The increase in
_environmental benefits has however . been at the cost of increased
-investment in  energy efficient ‘customer eguipment  and some
increase in per unit electricity costs. The lattér have been
partially offset by reduced volumes of consumption, The -
increased effectiveness in customer production quality and averall
- performance has been assumed to make up the difference in input
‘costs. Customer crose subsidies have become an issue in the USA -
between the DSM programme participants and non-participsnts,
-egpecially those which have little flexibility to improve processes
{Sioshansi, 1995), however this type of regulatory DSM appesys to
" be on the wane (Sioshansi, 1996).

. The development of initiatives and regulations - 1n the RSA fur
demand sjde management to- delay investment in new power plant
through loa.d shaping and energy efficiency measures has been a
topic of debate for sume time. Various policy research and
demonstration initiatives were launched by the National Energy
Council from its inception in 1987, and mince it was. restructured as

part of the Department of Minersl and Energy Affairs. ESKOM has =

- committed to using a praceas of Integrated Eléctricity Planning -
" (IEP) to optimise the mix of supply and demand side options in the
RSA (ESKOM, 1894}, In July 1996, ESKOM announced key prc:aosals
of its Fifth IEP in a press release, 0" [' o
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From 1996 o Nationsl Flectrictty Regulator has been establishid for

- South - Africa, This body has the right to issue  licenses for

o generation and distribution of electricity and for regu}ating Pricing B

systems and q,uahi:y of customer services. =

'Scopfx \exists for - a further develonment of the electnmty supply. o
-indy S‘bry {dn a way that could change the pricing structure through -
‘allowing innovative. independent power producers to compebte with a

- tax paying electricity - supply industry..- - (Creamer T, 1995) This . . .. o
could - stimulate change in the nature 01' costing end pricing of
~electricity - to the advantage of the ‘economy. The National Energy - -

Policy White Paper 1s expected to addreas this issue later in. 1996. B

. The ) ava:labﬂity of natura?. gas. 1mported into the South African

- energy economy could well be the pre-cursor to such developments. = "

 If ‘prices of delivered gas can be made attractive and.competitive

~with existing local primary fuel and conversion system costs, then =
naw: parhcipants in the electricity su~{y. industry as well as

o competitwe end use technologies wﬂl ci ,,e the enersy prof‘ﬂa of o |

' the L ntry

It. is. too early in the devalopment of the sas induat.ry to attempt to' -

prejudge the potential outcome. However since natural gas ie a
clean fuel to burn, it could well conipete with electricity for direct -
' heating purposes..  ~As a consequence it may find ite place ag &
premium heating fuel and gas technologies would then compete for
the bhase load, bulk, thermal applications - with - the varfous
- electrotechnologies which have been discussed in this report. The
metals  melting industries  could be the most influenced by such
-developments. Load shape bhenefita from theimal electrotechnologies
_wauld be lost to the gas processes, mth consequent determration_
in eleutricity load factors. ) R L

c;mcluaiona and Summary oi' Remmmendationa

From the review of electric;tsr growth and - end—use elec‘ro-

technologies in the key economic and electricity intensive sectors

in the RSA in this report, conclusions reached have been described
in Section 11. Recommendations = arising from these conclusions are
covared in Section 12. These recommenda.tions are summar:aed below
for sonvenience. . o

' Recomgendation 1

Promotion of energy etficient ehd-uae electrotedhnbldgy' b# means

of an investment mcentwe :formula. for new plant inveatment in the -

REA. |
' Recommendation 5

Extensive collection and pubhca.hon of appropmtely aggregated, -
formatted electricity = demand data for _practitioners -in &

nser~friendly format. Establishment of non-partma.n organisahon/a'- :
to facilitate such . collection and dissemination for the benefit of =

- enhanced research, development and implementation of end<use -
'_ electrotachnologies.' ' . ' S A :

xmi A



_ Recommendation 3

Griteria for licensing of - mew distmbutxcn “and- generatxon T

particapa.nte should mclude energy efhc:.encv commitmente

""Recommendatmna; o .- o o (\ .

_ Pohcy deemmns i’or the ' electric:ty industr«y atructura need to be .

made in the wvery near term: Allowing competition through

° independent. power . produeera, faei_litated' : by ‘an Qpe_n' -accees -
transmlsslon system‘ : T A

'- "'Eeteblishing the reasonable level of dependency an imported
prima.ry energy and - eleetrical energy. : .

" This mey be a means of takmg a quantum step in lme w:th the e

developed economies and current developments in Africa; #s an
: encouragement to new mdustrla.l and power sector investment.

: Rec.ommendatlon 5

o Excellence in Yesearch a.nd develc;'pment for the miﬁerais gector and
" potential electrotechnolegiee should be atimulated by ' ¢reative -

incentives - for "partneving" within South africa, Southern Africa.
_ _and mth global centree ef exeellenee._ o

-Univerelty eleetncal, mecha.mea.l and matenele enmneermg fecultiee -
-ghould be funded to encourage and enable them to undertake -

’research pro;ecte of e multrd:scmhnary na.ture. -

Recommendation ﬁ :
o

Spec:fm research ehould be conducted to eatabhsh the reahetic and -
viable basis for energy . decision makmg in the RSA by clarifying -
- the debate between the opposing views of "low - cost energy

~ {electricity) is needed for economic health" versus "high energy

{electricity) costs are needed to ensure goocd energy efficient .

'deemiotns for enwronmental health and hence suetaina.ble ecbnomic
. hea,lt;h' ' o . . . .

Recommendatmn T

Attention should be given te the development of eiectncmy ' ._
utilisation - and end-use electrotechnology courses as an option for .

‘undergraduate, postdraduate and continuing engindering education,

at universitles and technikops:s = These would require mulbi~ o
disciplinary- ekills currently found in the separate departments of
mechanical, electrical, and metallurgical engmeering to be harneesed

into new programmes.

. The establishment of one or more “centres i of exc:ellenee“ with 8
- particular industry focus might well be a  useful modelh” { This.

approach has been ‘used successfully in th.a US4, facilitated by
EPRI and 1ts membere.) ' - o _

Lo
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‘-Recbmmendatmn 8

I1‘he measurement of pla.ri}; loa.d performance, management of volumes
of -dats, interpretation and. medelhng of process  and application
‘options = within a production’ system is complex and needs at least

. "Btatlatlual, computer programming, electrical engmeérmg, productlon' :
. management - and. product specific skills. Development of courses to .~ -
- educate practlt:,onere in this ares of engineering endea.vour, which .-

R

is  new to' South African mﬂuetry ‘and consulting, alse reqmres e

. puttmg together dlsmpimes in a. novel i‘ashmn. o

' . Recommendauon 9

B}

Engmeemng institutes such as “the South - Afncan Ins’mtute ef .
- Electrical . Engineers (SAIEE), South African Institute of Mechanical

‘Engineers (SAIME), South African Institute of" Ehergy (SAIE), South - =~
- African Institute of Mining and - Metallurgy (S3AIMM) should play. -

their  part in stimulating debate and = extending knowledge in this =

: Cencludmg oomment

' The reeemmendeuone made repreeent gome: L-ey e.ree.s of dec1s1on

meking and opportunity revealed by the teview conducted for: this

“area of end-use electroteqhnology m the mmmg a.nd mmerale
'eectore. . _ - _ S

 report. The scope of the topic covered -in the report has greater
. impact than the end-use electrotechnologies themselves, because of R
. the  context and mterconnectednees of electrxmty suppher and the .. -

end~ueez~,

 The. impact of the electmclty supply demand chmn on. the patibnal - '.

 economy and its . associated energy economy, is significant as a
result  of the energy - mtensﬂ.y, the cap:tal inveatment and’ labour

Da.te August 199&

' - intenmty mvo]:ved

bzsc!azmer _ ' ' :
' The “views expressed in thm report. are ent1re1y my own, and’ do E
- . not veflect the views of my former employers, ESKOM, or the South
© - African Institute of Electrical Engineers (SAIEE) with wmch 1 have _

been cloeely assocmted as a Council Member for severa.l yea.rs‘

' 'Prepared by Marie Tehtha Dsmson '

™
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1 o INTRODUCTION

' ..-The rasponsa to grc-wth in forecas'r. electriclty consumption In terms""-- e

~of ‘energy {(as expressed. in Watthours) and peak demand (expressed =

“7in Watts) has  both internationalty ‘and locaily been. tra,ditlenally 3

. approached _from the “supply - side™ i.e, the = response has been
- build power generation plant best suited economically to ‘the .- o
duration ' of the loads expected on the power system. The same R
philosophy has normally been applied 'to transmlssion and S

g dlstr%bution capactty ag well. :

" The approach to estimated future demand for electrlclty has also
primarlly been based on modeliing of ensrgy need, with derived
power demand Ievela uslng toad factor trend calculatlons

“'More recently, thefe has been @ set of Imperatives that have'_ "
substantially changed the thinking . of electricity utliity declsion

- makers - namely that opportunlties exist t& change not only the - SR

[ peak |oad; but also the shape of the {oad In a way that can be
__--mutuaily beneﬂc!al to the eonsumer- and the. eiactricity utllity.

The cancapt referred to here has commonly been termed Demand

“Slde Management", and . has been applled in. the USA for some . . .

| '-thlrteen yaars, and ‘has alao found favaur In some utllities In .

| .__._[Eumpe ln r'acent years. o

. he comblned effort of supply stﬂa planning and demand side

 planning is normally referred to as Integrated Resource Planning,

 ‘slhce the resources of the electrlclty suppllar and the oustorner are co

taken Into ac:count

' some Imperatives that have lnduce'd “this shift In approsch by
private!y owned electricity oompanles and publlc utlllties ha.ve =

"'Z'been 3

* oif prlce shooka of the 1970's which drove up the cost of oil_ -

fired generation, and the creation of international efforts to

cohserve - eneérgy which relled on oil. - The aftermath of

these . induced shortages and - high prices for oll wasa - .
_widely = held belief that the lifespan of these resources was

g0 limited that massive offorts should be made to raduca 'I:he
- rate of growth of energy dama.nd in ganar&l. _

. Ragulatory rulings. astablished in the USA~ that oumpellad '
' utilities  to apply and publlcly debate the use of Demand

- Side Management optlons whenh sesking Rate Price. .

' adjustments (l.e. Tariff changes and price Increases)

. X Envlmnmentai aonwr-ns about global levels. of the

- consequences of - primary - ehergy- mnsumption, and also
focalised . effacts . of energy consumption, in particular
coneern about global warming “greenhouse” gases llke COz '
dlrectly attributed to_burning of fasalf fuels. s _

% 'lelted slte approval for hew powar plant aspeclally nuclear o
plant, and servitude approval for new transmlssion systems..



%

mst of new power generation plant exceedmg the estlmated g

“cost - of -Incentives., J:o customers . and investments for . o
“raducing load. o, USA regulators have allowed the -

o utility. to r'eoewe a return on investment on the: expenditure .

fheurred In reducing or re~ghaping the clustomer’s logd in
the same way that they ‘would allow a return on oa;::itte3
' im.rested in productlve plant ' _

Bevelopment of new teohnologles tor processing of materlals, .

- manufacturing “of  products; and for conditioning the -

working/living -environment which have Impacted load ehapes:__':_"- .
- rand {oad levels of the utilitles.. . These technologles have =
" also increased customer product quality and profitabliity, or

- _'gnha_ric'ed_ oon_s_umer_ q:u:ali.ty -olei_-fe.and oost .of. energy;_. -

In the RSA there Is = steatiy emergenc:e of sone of these same
imperatives, &) beit: for sllghtly different reasons than the : :
experlenoe in the USA f .

_Iﬁcreased access 1o electrioity for householde which have R
~ low ' load factors, in ~particular for small, hew consumers, is "

steadlly - transforming the - hlgh' national icad factors

* historically = characteristic of the RSA power system, dus to .

e the typlicaily time concentrated - nature of domestic loads.

" This is exacerbated In the RSA by ‘the poor quality
~ Insulation levels in low inoome and Informal houslng '

generally. __

'Portlone of the transmlsslon system are nearlng the lsvels _-
of loadlhg which require upgrading If traditionai decision

. - criterla were to be used like the oonventlonal "gi-ow and
' build" deolsion Ioglc._ o . _

‘The cost  of service to provide generation, tranamieslon,
distribution,. reticuiation |& being better  analysed than

hefore, due largely to the critical assessment of the costs of

 the massive electrification projscts belhg undertaken in the
RSA ~ this has exposed the importanceé of a more holistic o
__.framework of declsion maklng for- oapltal lnvestments

As - the country omergee from a long period of isolation,-

. sccess to. “"hew" technologies is  avallable. Local

- distributors and  promoters are. - progressively being

_ established.. . Although . theré Is not yet a strong

. tesurgehce - hor a receht track record developed to build -

confldence in innovative eléctrotechnoiogies, the drIVe 10

‘regaln a oompetitive r‘ole in. WOr'Id trade Is emerglng

Open competltlon An the. domestlc market “with high

“-quality/low priced goods: imported from all over the world is

a reality for local producers.”  This compels Industrialists
to .seek cost  reductions for. Inputs, - productivity
improvements ' [(n processes, and quality enhancements far
products and services provided Into the domestic and export

o markets. - - Innhovative slectrical processes ofi:en provide
"desirable Solutlons. S .



C

% State influenced anc 'ESKOM voluntary commitment to the - ..
- -capping of electricity -price Increases below the Inflation — * -
"~ rate in order. to asslst SA -exporters . who. use energy -

intensive processes..  This has helped retain an element of

competltivenass fc:r exporters desplte i'nput cost pressures.. )

* Incoma cons_traints induced by such .prtc_e increase Hmits
-~ have had a Dprofound infiluence on the decislon making
processas of ESKOM as a major participant In the Electricity

. Supply Industry from the classical approach of buliding new .
- generating and transmission plant which characterlsad the
. hlstory of the lndus‘try :

* '.'Surplus eiectrlclty generating capacity of ESKOM creates. a .

beneficial “window of opportunity” . to build load at

reasonable - prices of electricity for an extended period In

 the low growth SA economy.  This low growth has exlsted .

for the past ten years and’ recent scenarioc anatyses. suggest

that the time frame for restoring the economy to sustainable

<~ growth which is also reflected in electricity gmwth, may be '
of the same order of tlme o

'*'-.The appointment of a Natlonal Elactriclty Regulator {NER) for

‘the RSA, although strongly focussed on.the domestic pricing -

and domestic electrification issues in the country, will in all
likeiihood . also seek to promote & more cost effective

©electricity Industry as. -a contributor to the economic
" restructuring of the RSA. The NER Is ilkely to adopt a

methodology  like IRP which has - had some . success in the

USA. IRP |s also being treated as a . solution to the

environmental concerns of European countries such . as
' Denmark, Ireland, Natheriands, Franhce, and Germany, -

* _Envlmnmentai sensltlvlty is beg!nning to have’ an effect on . -

. the RSA energy Industry, and Industry : In general. :
Servitudes In some areas are becoming cangested with- _
Increased urbanlsatlon of an Informal typs..

“The 'changlng pressurss in’ the RSA snergy econdrhy' in which

primary ehergy supply constraints . are not the focal Issue, drives

the need to undarstand the role that end—use of energy piays..

In the context of . this report, the end-use. of alectr!city and the
associated technology, is taken as the parilcular area of interest.
This is stimulated both by the high penetration of slactricity into
" the South African secondary energy market, which at 26% compares.
favourably with the UK which -has some 18% penetration, and also-

the - existence of electricity Intensive Industries in  this country. .

Research results {Surtees and Bluff, 1992) indicate that a trend -
break is occurring in the RSA electricity market demand behaviour, -

Both the technology used in the key economic sectors which use.
“elactricity, and changes In the capacity of those sectors, influenced:
the growth of electricity demand. It is Important to understand
‘both In terms of the level of elecirical energy demanded and shape
as expressed by load factor, load duration curve .or avsrage

' dai!y/weekly/ load profiles. o L '



E _'_’scoPE OF REPORT

" This research report onvers the assessment af the kay mnamlc

 ‘sectore of mining . and minerais  processing and their. end use o

i _';electmtechnolcsgies. ‘These . are considered to  have had -a major =

B -effect on. sei:ting the level and shaplng eleotrlc!ty bas& demand ]n

.r‘

:-"-'-"-_Some vicws and recommendatlons on the potentiai 'For future change e
- “In electricity demand that could-be primarily technology drivén are- ..

presented.  The Impilcations of these changes for SA Industry,

_tec:hnol—::gy, research education and the ESI am dracussed. BRI o

" The key findings ‘which - are covered n the- regiort relatetca-""i“-_'
' :_-.ﬁ.implioations for changlng industrial’ plant capacity. and: eieatrieity e
-supply  ahd - demand . responges; government policy ‘on “energy -

- - efficiency and the environmeént, -~ Investment .in' research, -and

. Innovation- In engineering *curricufa . in_institutions of ther

:'"-',.__,.-.'edu;sation,; ‘Conelusions  and  regommapdations - are -presented I

-response to ‘the assessmwt of 1: reseaml()project resu{ts. L
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_The relevance for selacting a study of tha minfng and mlner*é?s AR
" ‘processing - sectors can be established by an . apprecidtion of the m
-plectricity . consumed ih these sectors In refation to consumptlon in IR

el the sectors af the South Afr'lcan electriclty market

Table - 2.1 s AE;cr&cteﬁ ‘from a uniqué energy data base deveic:ped
2) “of the Instituts of Energy Studies (IES), Rand .

by Cooper (149
Afrikaans Unlversity, This was for. a project sponsored by the

"-'Department of Mineral:and Energy Affalré (Energy Branch), ESKOM. -

and - SASOL. The electricity data availlable for 1920 has been used, °. .

by :special arrangement with Mr C.J Cooper, as the report contained

. dise lguid fuel data @nd was hence. classlﬂed as Secret under tha e
N -Ieglslation exlstlng at 'l:he time. e . . . S

' The data structure in-Cooper’s. work is unlque for south Afrlca!

1. The. South Afrlcati energy: data base- project \ﬂas planned for. tha-.
- periofls 1989 to - 19u3 (Cooper, - 1995). Revlew
" energy applied to end use over an ' extehded period may enable
_ analysts to derlve important insights inte the devélopment of the - - o
- eountry's/-energy sconomy, and potential changes in . the future, . 4 = -
Comparisoh of electricity use In. ;sectors In the RSA with other
-+ ‘countries may assist ir ancauraglng more - efficlent . industry
L processea through berxchmarktng and astabllshlng modeis of "best"
E practise o g _ o s _

15 am?!‘ Iated that signlficant chaages hwa occurred N
around energy = information that " now lows access and

publlcatlan of such Informat!on, however stlll excludlng I!quid fuels

By inspection of - the. sectors Qf Table 2. 4, it is clear that the
-~ mining any- sminerals sectors together represent su

' for. -electricity consumption, Table 2.2 shows thit
_ minerals sectpr's represent 40% cf etectrlclty en@rgy oonsumptlon. _

S r'"'Table 3. in - Segtion 3 Indlcates that thesﬁ sactor-s mntribute "
o approximately one third of the system peak mwsasured in Megawatts

of the "shifts in

In . summer and winter. = Hence, logically, the focus of this project

_h‘igh foud fac*tor‘, or base ioads, for the. alectrlclty suppiy systam

A summary of ‘the key data for the selected séctors Yor 1991 and,
© 1993 1s provided In Tables 8.2 and 8.3 respectively, derived from
-_results In tha raports by Cooper‘ in 1993 and 1995 respectively. S

"~ js  on these sectors which are aiso representative of traditlonally
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' Tabie 2 1 Eiectriclty oonsumlng Sechors !n the Rsa {1990)

mmwzufﬂ'

1 1 |mesnan]cuem JuranT|trans|non- | "
SECTORS | | HEAT |-TGAL |-TCAL| -ING|-PORT |ENERGY| ToTAL

220

=]

0171 & Coal |[GWh| 1?2._ o a5p 0 0] 13 0] .
-~ '} products | %) - .78} - 18} 1 e 3

' Rubher - |awh)] - 38| s04| 8b§ -d]

i : 33 i B E0 ) T

599

1o

P'Iast'!cs - |awn] 308} 494} 18

7 nec %] - 41] . 51

. {Pot*ery _awh 138{ . 110
b ot %] 48] .85

L
34f

RETI R -1y
100

- N-1
folo -
W~ O

" 483]
- 100)

4042
" 00|

1ol
871

. |alass - {Gwh| - 288} . 140)
- ]Other non~ leWh] . 239 2 703}
[met minerais) - %| ~ 8f . 89| .

Ferrous = |GWh}10 0813 251_1 827~ 368
|basic metals| x| - e5p - a1l 12} 21 -
~ {Non-ferrous -|GWhi . 589] ~ 865}2 373] 223
‘(bastic metals| %|. -f13 o 22_ 59 1]

‘a 2

b |_c‘>_

et -

6
I

15 639

s | o

Poex 1 c:t
e

4 M)
o= - 100

ol el
=] 1o0f
14| 1534 =

~ |Fabricated  |awh| 908 's__s_u_. '479 o8|

[ metalt -} %[ 39} . ar] - 20{ - 4f
[Machinery  |aWh| 482 951} 14 = 93| -
] %} o} ez] 4] 8]

1ol o
1

o] "1 296

-] 100
15| 1 362

.t 100

Electrical |GWhi 050  585] 65] 14|
machinery | %] - 388] 48] 8] 1}
Moter - |aWhj 833|770} . 22| 222]

owvehicles | ®| 24| &7 2] 18]

1 a 1o,
i

|Transport . lGWh} 178] - 121]
aquipment | %| &1 38
Professional |GWh| = 30} A4

& scient1fic %t 81 -“'53 '

I on o
reoroa

2357
100}
-~ BB2

100

18 103

coo24l
55

Dther many~ |awh 12 189 .
facturing | % 5! 85

Electricity, GWh) = 55 A42
gas & steam | %3  10]. &0 10l

|Commareial Gwh 10 467} 3 221].  0jz 415] . 0] -
SRR 65 20 - 18 -

Transport fGﬂh_ op 0 9] . 0]3 988)"

- ] o= ST = 100).

1To1o
E-NN-E
e 1 o

gs8|
100}

R A-NE-2 -3
j ]

TOTAL  |aWn|5a 762]66 ses|e 334 2694 110] 1+ 188]141 216]
B RN D) NAR™S A7 M N 1 EE | B ) BT "

S00)
tgo]
asal

100]

H 00| e

318 .
1))
<



- Tabls 2.2 Mining and Minerals Electricity Consumption (1990)
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B The data set cf Table 2.2 does not dls—aggregate the Nun~metalllg
minerals  sector in. any great detail other  than pottery, glass and_ -

. other (Cooper, 1992). ~ For a further breakdown, Table 2. a4 was e

_*"ﬁoanstructew from a study of. this, sectar {Sa”ter, RE: N T
" The disaggmgatlon of data In Table 2.3 when compam& wlth the,""

. RAU data base for ‘the sector demonstrates the problems inherent - .
in_the sets of energy data avallable in South Africa, ~  Electrlolty =
data is a problem . in all the sectors supplied by municiﬁallttas as

the customers are not classifled and hence r*eadﬁy acoassibla- '
information 18 not avallable (C:ooper, 1993) o o

'*However* the data set of Table 2.3 does mﬂ: inrluda e.g. Br'lck |

meking, - nor uranium oxlde manufacture. The latter-could. largely - '- -
. acdount for the dlscrepancy. - Confldentiality surrounding the & %
- manufacture of uranium. oxide has set certaln bounds on. aocess and - - .

'publlcatlon of auch data. o

R




o Tabla 2 3 Estimatad Elsactricity (:onsu.mptlon - TR T
S and Campasltlm of Norr—memlﬁo Minamls Sector

o Pnttery, ch'ma & earthenware :; R IEEY D EETE
1 - Ceramic tiles <. . | 218 c®ef - o
Sanitaryware - - .. ] 112} T8}
- Industrial ceramic pmduc*&:s' 180 42y o D
' Orngwental pottery ¢ =~ 48] o8 oo
N ,._cmna & tnmeware D e 200) EBEL L

SUBTOTAL B '?'#2 ~ 208)

-mass & giass pro;iucts - IR ST S

. _ Ganeral-— ncn~f1at : 1 821~ &o6l. . - - o

o general - flat - 879 - wosl - g
--'_'--."-_-_Gthar oo oeny Cadl s Y

SUBTOTAL ile 280} 636 ik

oo fcement ool 3 349) 980 TR
oo Lime Y b e ST i e2af  frs] = \ L
- | Gypstm - A "~ iBB}{ B} R IR T
o] Plaster aﬂd Grouts’ -'”‘ Lo .Tﬂ_ 395_qﬁ:110 Lo
“'.concrete & other products L T T T
; . wonstruntion matarfals DI -3 SURE ') IR
S * Btone & slate products Y-S A §
: P‘Hn&r&ﬂs processars . : _ A B S
_ ST Verm'lculite SR SR R 1 S
-jtﬁther - unspas1fied ,=-_1 T 455 aii126-g; L

o .-_':@RAND TOTAL - NﬂN-—HETALLIC MINERALS & 124] 2 25? EE R

. From the Esom statistical Yearbook for 1990, emme and. s'cankcs" _—

#7(1990), and the Mintek studles for the -Department of Mineral and-
- Energy Affairs by Granvllie, Stanko-gnd - Freeman (1991) and algo-
© Granvllle, Stanko and Freoman (1993), It Is possible to  construct a

~ breakdown for 1990 of the ferrous metals - sectcr as in Tab!e 2.
_and tha nonwfer‘mus matals safstor as In Tabie 25 -




' Table 2.4 Ferrous Metals Electricity Consumption (1960)

T and stea1 8100 | K1

Ferro-chrome | 8 900
| Ferro-manganese | 1 800 | *1 .
. Ferro-silicen -} 10001 ¥t .

" Ferro sitbtotal SER AR

| .sta_in]és_s_ stael. ;'__;_1-00 o

-mm‘ 14 900 | ¥2

“ " Notg *1 E: Tha Mintek repor‘ts For . the DMEA/NEC give Ir‘cm '
..+ - and primary ocarbon as 8 600GWh, . Ferro -

.. manganese and manganese metal combined as 2
. . 400 GWh, and Ferro-gillcon - and sllicoh metal .

- combined as 1 300GWh, with a total of 17 100GWh

" vs the 14 300GWh shown above. This Inclusgion of
& component of “non-ferrous” - materials causes.

-the dlscrepancy with the figuras abave. '

%23 DISGFED&!’\OY of BSBGWh “relative to . Tab!e 24

: - because only major par'ticipants in the Industry
A - are covered in the study r-eferences Smaller - -
:,;’_ o “plents In munlclpalltlas ar'e excluded L

-Tabie 2.5 salected mn-Fermua Metals Elaetrzcity cansum;(:tg;g)
: . 1

__ B aw'h””'
Aluminwm | 8 000 ;

Gopper I

: Note x 2 Includes mining c:omponent, henca- diacrepancy of 440 -
7 @Qwh relative to Table 2.2
£ Gold s not Included here &s gold pmcesstng is
included In the mining 3tatlstics T




s 'bzsAat;R'EGAi'Eb- ELEGTF!IG_IT\’ | bEMAN_iJ_ P}zor-mé
" The percantage mntrubuticns of the *key measurabie sectcsrs

. to the ioad proflle for 1990 (Bluff, 1992) is as In Table 3.

-"‘Table 3 1. Pementage Gontrlbu't}on of Varlous Sectors -
. 130 i:lectrlcity Demand Praﬂle n

"y - |Morning peak | Average Even*tng paak. -
e st e | iggkday |- _ '
. SECTOR . - iWinter 8ummeri-ﬂnnsumptn. wmter Summmar w1nter
- laotd mines | 16.2 | 16.0 | 17.6.  { 15.5 |"16.6 ‘;_'..13,_7 N
_|other mines | 6.1 | 6.3 | 6.9 | &38| 6.8 5,4 |
- |Base industries | 10.5 | 1.3 | 12,8 [ 13.1 | 145 | 10,4 |
Other industries| 10.3 | 10.8 | 12.3 | 11.0 | 1.7 | 10,4
-'--Traction | _'_2.-.5 1026 1 2.9 ] 2.8 2.0 ] 2,8 |
% Total 99.9 [100.0 | 9.6 [100.0 [160.p | 900 |
© [rotaL acTaL | 21 Tw|te.omw| 135 aWh | 21 Tw|1.37W] 22,47H] -

' The emergence of the evening peak in 1992 (Surtees and Bluff,
1992} confirmed the trend pmgresslvely emer‘gmg in the eariy part L

~of the decade

' The growing Infiuence of the household loads of _-d'ev.el'opln.g

sommunities, both directly supplied by ESKOM and also by other

slectricity . distributors, shows strongly in the contribution to the

peak in Table 3.1 and In Figure 3.1,

The amergence of a new national evening peak is “n fine

interndtionally In countries with more normally developed anergy

-omies, wWhich have a  substantial domestic sector served by

efectricity - (Lane, 1891). - Thls development at the zame time &s a.

. downturn In demand from traditional base load industries was a -
 hew - axperience for SA (Surtees and Bluff, 1992)_, as_- shpw-n _in"_- '

Figure 3.2. _

The annual integrated system foad factor is calou{ated as eiectrlcal_. o
_energy sent out divided by the maximum electriclty that could have -
been sent out If the annual peak demand had been sustalned for. =
alt ‘the hotrs of the year, and is '|n fact a utlllsatlon ratlo for* o

' availabta capaclty on the power system, namely -

Load factcr electr'lclty sent out (in. GWh) / - :
: - syatem peak (n c-:w) x 8760hours.

Twewey  Jwesem]



"-me exarﬁination of the data in Table ES 1, 'l:ha mntr’ibuﬂons af gxﬁd o

“mining (15,2%), other ‘mining (6,1%) and base industries (16.8%), - B

- .which . are the sectors of Intersset i this project r‘epor_‘i mprise

an estimated 31,8% of ths annual wittter peak load. Graphic N

© dispiay  of the disaggregated annual Joad . profile s Included as -

- Figure . 3.1, showtng 'the ralevance of thase sectors for an average

 winter weakday

: "The variatlons in ioad pa‘ttems of the ind!viduai sectors: cannot be--"'_"- Co
o obsarved In this: ﬁgure.inditvldyl soctor joad proflles are Included

With sector reviews In Sections

, 6 and 7 which foous In on the . ..

impact of the processes  and the influence of end use’ electrfo - e

B ﬂtechnoiagies which impact on load Ievels and IOad pattems.c

| Figura 3.2 (a) shows the incraaalng ‘trend  in electrlclty demand

. - - from ' muniocipalities and . the decressing share demanded by mines SR
- and - Industry. Figure 3.2 (b) shows the ‘trend in Load Factor for

the ESKOM national alectricity load on the integrated system from ', o
1950, o 19%0. The trend break in load. factor- singe’ 1980 s - -

noticeable  from the  curve: ﬂttlng, ‘which showe a progressive . .
~turning - polnt: from the early- 1980% (Surtees and ' Rluff, 1992},
- Suppressfon of- the " zero axis ehablgs thé varlaﬁons around. the -

- historical average load. facﬁor 61’ 76 to ?7% 'bo be more readiiy Lo

|  plotted and visible:

" the  load factor . deterlnration Is eexpected 4o increase’ with el
Increeasing - elactrification of - some 1.75- milllon ‘households by 2000,

despite . meastires taken by ESKCM and municipalities to Introducs . -
. .’1oad shaplng_ a_nd Ioad ahiftlng ineentlvea (ESK@M f-"! esa Ralease, 16'- :

. __-An objectwe of thls report Is to revlew the Io&d pr-oﬂles cf the .
 selected sectors relevant to - the main end-use slectrotechnalogy - ..
- predominant in that sector-and to consider tha aﬁec‘t of seqtor BRI
: __fchaﬁgas a.nd new technologles. SR :

s e
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. 4 'f: KEY ‘END usE sscmns Fohf | éa'm*zéém;? APPLIED .

DO‘MINANT ELECTROTECHNOLOGIES IN SOUTH AFRICA

S The ‘table canstructad ln this aectlon as Tabla 4.1, ls intendeq oo

- highlight - the _relationships of - sector, common- endvuse shergy
process of requlrement and the assoclated current dominant LR
_eiectrotechnolc:gy In use.  Where real - names are - used, these are . -
- recognised psatented-processes. The table s nof meant ta be an
S exhaustive set of pr‘ocasaes &mi 'tachnologles. o R E

- _.-The sectors used are those oovered in the report. The I[ste d SR
_-_Eieatrotechnologies are those In typlcal use st present.” " L

" Ihe toplc covered In Section-10 deals with the shift of axistlns S
“technologies being introduced into applications in new sectors, and--_- R

_ajso naw tachnalogles belng fntroducad mta the- sectors. S

. Many _of the spaces in the table marked “ot applicabis” repreaent' |
_ oppertun!tles for innovation: sither for Mergy efficlency, product .

e - quality impm\rement or perhaps aven prruess Innovation ‘I‘ha Iattar - G

'_'{s baycnd ths soape of thla r'eport.

)
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Table 4.1 Summary of Sectors and Dcmnna.nt. Electrotechnoiogy in Use in the Repubhc of South Afnca.
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: 5, ' _. GOLBF M'INII'.\IG. - ’ -
1.1 General -
The Sc:uth Afrlcan gald mlnmg industry Is & rnature e:me,r alrea.dy

"over 100 years old. There are more than 40 substant)lal gnld'
ﬁunes and seveﬁﬂ Smaﬂ nﬂhes E w

Referenca | Pigure 5.1 whlch shows - gold mlnlng alectrlcity"_
“consumption Iavels in GWh, identifles a turning point In the growth :
of electrlcat energy which occurred n 1988/89. . .

" With rising operating costs. and .low wortd goid prlces, decllnlng ore
grades -and minable ore bodies, a number of mines and shafts have -
-glosed. The quantity of gold mined decreased from a high of = :

1000 tons In 1970 tn 599 tons In 1994 (Minerals Bureau), Many - -
mines dre ' marginal - terms .of - profitabllity, They remain

'aperational, attemptlng to reduce costs  and (n- the hopes of
improved Rand gold prices. - Althougn there is an estimated 40

thousand ~tons of gold left to mine, most of it is very deep- o

) underground, which is dlffimﬂt and expenslva to mine.

S' 1. 2 " | Percentage Distrlhutlon of Electrlclty used In Gald Mlneg T

Table 5.1 shows the estimated distribution of alectricity used T

. gold rining as quoted by @ranville (1992,b) from various mining’
sources. Actual consumption  fisted is from ESKOM Stat!stical_ .
Year'bmk tima series for go!d minlng. : _ _

Tabla_ 5.1 Estlmated Parcentage Dlstrlbutlon af Elactrlclty usad In .

‘Gold. Mlnes, '_
| o tene | 199&
Compressed Air | 22 18 {
Gooling .| 22 - | 21 |
{ Hoisting 12 | 14
- Reduction. - | 16§ 12 |
Pumping - | 17 1 17|
Other - | 1 12
| Actust Twh | 13 | 24

This table shows the use of electricity mainly - in motor-based
end-use, demonstrating the high 82% allocatlon. of electricity to
: machanlc&l appi!catian glven ln Table 2.‘:. L )
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6.1.3  Gold Mining Contribution to ESKOM System Peak

- Gold mining a conslstent base load on the national electricity
supply - system. Figure 3.1 demonstrates this for the disaggregated
loads - on the power -system. This sactor represented 15,2% of the

. contribution to the ESKOM. system winter peak in 1990, deciimng to
~13,7% in 1992. In the context of this report, the gold minlng sector

g ‘more than half of the estimated - 31,8% contribution to the 1990
" gystem peak by the mining, metals and mlnera{s sectcrs oovered ln
'!_thfs report {Ses 6ectlon 3 Table 3:1), L _

There s also. some  seasonality in thls sec’cor For ‘example the
. winter evenlng peak In 1990 of 3300MW was 300MW - higher than the
' _summer peak ln the same year (Bluff, 1992) : _

 The. oontrtbution of gold mlnlng to the ESKOM systam peak }s
.deplc’ced ln Table B. 2, whlch !s extr'acted ﬂ"om T‘able 3.1, _

_ _.Tjabl.e_s-.-z_aom_ Mlnl_ng Cpntributlon -to ESKoM S_ys't_am Peak 3

MORNING PEAK] E'vzmne PE'AK"
(weo) | Cishoo)

e f&-gso 1992

mzntéf Surrmer- 1nter Summer wjln_tgr .

% of Total | 15.2 | 16.0 | 15.4 | 16.6°] 13,7 |

egkoM Lead { | L. | -
1“-‘-?-.‘3'?".' _3.-2_ 8.0} 3.3 8.0 3,0

5.1,4  Load Proﬂ!e of a f:ypical Gold Mine

The graphlcal representstion, Flgure 52, of the average demand
(MW) of a large goid mineg, is Iindicative of the high daily load -
factor typlcal of these mines. It demonstrates the current effact of

only working & statutory six day week underground. In this ...

example the reduced load on the weekend s not as 'pronoun_ced
- -hecause of gmd reﬂnary opera’cion. ' _ S _

Agreement of Government and Trade Unlons to allow a seven day
working may have an Important effest. For thoss mines which are
deemed marginal l.e. thelr gold grades are low and working costs
- are high, hence at low gold nrices their profitabllity Is jow or even
nogalive, thelr llife mey pe extended. Improved utlilsation of-
Installed underground plart is expected to reduce average working
costs per ton mined, The overall decline In electricity consumptton--
of the sector, whlcﬂ 13 vlsible In Flgure 5.1 may be slowed. _

For the sector in genaral, the load profiles which currentty show. a
- eybstantial  weekend decline in load, would be expected to show an
- Increase to mid-week levels, This would contribute to better use of
Installed base load power generating plant on the ESKOM system. -
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_-technologles ln use today, o

Deep underground mining operations have ver’clcai ahafts sunk lnta'
©them- and some mines have sub-vertical shafts to reach into =~ =
deeper reefs.  "Horlzontal workings extend from these shafts. .
At the workihg and development faces, holes are drilled
S inte 'rhe rock, cnarges of dynamrte are placed and- wlred e

S gE

The current range of toad factor in goid mlnlng Es 78% ta 33%, Wltn

' -an avarage of 84% (Granvllie, 1990)

By far ‘the dominant e{ectr-lcal end—use equlpment an’ a gold m!ne ls :
the  electric motor, This is the workhorse for winding, pumping alr -

- .and water, driving the crushing and milling plant, compressed air
~ “supply and the refrigerat‘lon plant (Coopeh 1891; 1995).

From Table 2.4 the predomlnance of the use of 8% of eiectrlcity o
- for mechanlcal, mostly motlve power, relatlve to othar energy uses.
confir'ms thls _

The -14% of electrlcity used for' thermal purposes is for coollng of _
.deep - underground workings and, at  some mines, the use of arc
furpaces Tor gold smelting. Whare smelters are located at some .
mines, the’ alectricity consumed Is Inciuded in the overail thermat _
'consumptlon ﬁgui‘es ; . L

5t 5 ~Gold Mlning Processas m the RSA |
_The fbllawlng brief descr}ptlan of goid minlng processes ls lntendad )

o 1o covar the key technologles usad and the rols playad by the, .=~ . . =
electro-tachnologles. . Curreént-mining processes as developed In- .

the 100 years of ‘gold mining ha.ve deter'mined the major

r-. .

. ..Whale the mlne s empty of ‘workers, the hiasting is done, and the
- fumes .are cleared through the ventilation system over a per!od of
saveral hours. = The rock is checked for stability and the hex’e

working shlft is lnitlated to load and. clear the br-aker rock,

Hand-q;atti-ng 18 still extensiveiy used 1in the older mines, rock is

loaded [nto trolleys, iransported to the shaft and hoic-ted o

surface In a §kip. - Only one blast Is aliowed per day, so 3

effectively only half of a twenty~four hour day is used for mlhing
Bacause of low grades, as low as 4 grams/ton; superfiuous vock ls
hoisted  to surface for milling. .  .In sokie more modern mines, the

_use of urderground load haul dumpev trucks has Improved the rate

of operation. . But.introduction of these vehiclés depends on

 peefs that are wide enaugh to acgommodate thaeir madways. :

. Exterisive uge is made of ccmpr‘essed atr for undarground

equlpment, k& dr[lllng and ‘rock cutting

The average mine depth fn 1962 was 1. 300 metres, and the vfrgin .

rack temperature (VRT) was 339 Celslus. By 1990 workings were
down to 3 600 metres with a VRT of 609 Celslus. To achieve safe

productive human effort, undergmund temperatures of less thanh -

280 celsius wet bulb are required‘ .



_Te achieVe thess reduced temperatures approxlmatety 8.8 tons of
alr per ten of rock broken fs c!rculated. SR _ o

The power ratlng af the fans aione was 550 Mw in 1930, and with
- refrigaration - plant - and. - pumping - of the water Included;, was
. estimated at 1040 MW. Progressive Increases have occurred as minss
: have been deepened to ensure acceptabfe working conditions

Refrlgeratlon plant productng 1ce - U-ﬂder‘gmun 4 l"laVe been

introduced. . - .Fresgold North Instaifed a three chamber heat
exchariger. - However, mostly ‘conventional shell and  tube
exchangers are still in use. Raplacement of CFC In terms of

' the RSA's commitment fo. the Mohtreal Protocol Is ongoing. . :
For the new South Deep shaft, due for commissiohing in 1996 the

_electricity  supply capacity is: 160MVA for the single wind 2 750m o

' deep ‘shaft and ‘the spllt ammoma cooling plant (Rufﬁnl 1995
.creamer,‘tses) . _ o

Extensive de-watering of m[nes Is a major user of iarge motors for_'_ N

pumping. - -East Driefonteln needs to pump 150 Megalltres dally =

through a helght of 1000 metres. A 25 MW pumping statlon was
“deslgned for- the- purpose.. - Another- conflguration of mine
- ‘requlires - 75 ‘Megalitres removed dally  through a head of 2000
metires, -With several marginal " mines cleelng, $pectal arrangements o

- _-_are made among mlning heusee te retaln pumping loads L i

Pr‘ogr‘esewely as. ehafts ha\/e been sunk deeper s0 the winder‘
motors have increased In size to deal with single depth shafts of a
planned  hew maximum of 2 760 metres. :  Wihder motors have
—evolved with the use of sophisticated electronic contral for speed,
safety - and - efficiency benefits. - = Thyristor drives have
unfortunately introduced low power factor on start-up, and
: harrnonlcs as problems on the supply side-of the electric!ty systam.

'.'Mater-tal on sur'face Is transported from the windar headgear by
- conveyar to.be sorted, crushed, milled and the geld reocver-ed
. 'usually In a leaching process '

In some mlnes, . sortlng s done by radlometrlo means, but many
mines feed run«-of-—mlne ore Into- grlndlng miils, and no. eortlng and. .
_cruehlng Is done - _ .

Commlnution, reduclng the elze of the par"ciclee to be processed
includes crushing  and subsequent mililng or grinding. In.
principle methods have changed iittle since the original patents -
were registered e.g. for the Jaw crusher by Biake |n 1858 In the

uUs, and the gyrating crusher by Gates In 1883 In the. US.. = The

cohe ecrusher of the 1920s 18 a modlfication of the gyrating crusher
design. The ball mill was Invented by Bruckner in 1876 and -
var‘iants of the deelgn are st!ll In use. _

Extractlen using carbon ln Pulp (CIP) recovery has reduo‘ed
~ electricity requirements In° thls = stage of fthe process by an
astimated 20%, when compared with leaching, solld/liquid
-separatlon, clarlﬂcatloh and preclpltatlon (Granvllle, 1992b)
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" Electrlclty generating sets for use as emergency ~standby are a

. legal requirement for all 'mines, = Dlesel and gas turbine .

generator sets are- typlcaily used. - The estlmated sapacity of
-diésel units was 120 MW and of gas turbines was 115 MW, ln 1989
for the mlnlng lndustry, in: which gold mlnlng predominates. '

A unlque battery energy storage system useful also as . apeak .
Iapptng_ unit was installed at - Vaal Reefs, . - The capacity of this
~unit was 4 MW, and proved useful during its short life before
being damaged by flre (Reynders, Landy and Raynham,isael

Average electrlctty c:ansumptian per tcn milled is a useful- lnd[c:ator :
- of . the electricity intensity  of this sector. . - It rangad from 233
- kWh/ton for underground. operations (allowing for hoisting) to 18

kwh/ton:. foF' surface ocperations. . . Mixed ‘sources of ore - -

- {undérground and surface) lead to an ‘Industry average . of 182
kWh/ton - milled for the last quarter of 1991. (Reference ESKOM
~ .data bgse o_f__gold minln_g ener‘_gy sai_as_) S

'5 '1'-' B Future Electrotcchnology Davelopment

No substantlal changes are foreaeen thmugh the introductlon of o
Chew electrotechnologles, . Changes 2 mining methods in order to
lntmduce cost savings and Improve productivity &re more Hkely to

- have an impact (Granville,  1992b)." - = Underground water use for
. driving  hydraulle - plant has ~aiready displaced some currant
elactriclty ‘using davices. Underground  crushing and miiling :
~can, reduce hoist. Ioar_.is an‘d’ : hen_ce- _change_- _tla_e- h‘oi__st_ -s_-d-r'_lve- S

o raqulremants.

Intmductlon of rock cuttlng equlpmen’c and contlnuous mlners (l.e.- o
~eliminating - blasting) wlil. . substantially reduce: ventilation fan
. tapscity and designs, and Intreduce new. loads for conveyprsand
eontlnuous falnlng plant, © Backflliing. . of stopes after mining in - -
corder to support the roof, and also to reduce heat evoiution from
. deep rock has  already been Implemented In several mines.  This -
‘has the twin effects of reducihg loads to be hoisted, and also the
voiume of ow!lng alr.- - _ o '

“The use of electronic .contral sys’cems for elsctrlcal Ioad managemen‘t
" to reduce peak loading and high charges for peak ‘demand. has .
- increased as mining - managements haye struggled o keep costs

dcwn In the face of Iow gbid pr'ices ovar the past years. . '

bz coAL. MINING

5 2 1 Gener'al _ .

© South African coal mining Is - well "developed and the natlonal
- reserves are estimated at 53 Billion. tons. . Mining levels are

currently of the order of 150 Millloh tons annually, having peaked
“An 1988 at 224 Milllon tons. -Expart levels have been In excess

. of some 80 Mlilion tons, The world coal trade is highly: ccmpatitlve S

and SA pnces datermine the size of achlevable exports. o

.:‘./"}
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E 54 : Baslc Processes

Sehotlohs [n tha 1980’3 Iimited access to mar‘kets which have been )

re-cpened sinoe the political changes in the country subsequent to -

71990, - Approximately - half the domestic coal sales are used I -
. glectricity. generation. " The balance is . used fn- _oil~from=coal
o productioh, lndustrlal heatlng and household use. ; T

.__",].'. )

' There are both underground and open cast minee In operation otk
The. dofminant slectrotechnology in underground mimng is the motor
helsting - and motor driven conveyor systems. . . A few mines have = = . ¢
. had -the correct coal _seam gsology t& support longwali oonﬂnuous o
- minlng processes. -  These also have- predominantiy motor drives

- ,as the ma_[or eleotrlcity oonsumlng equlome rt : _ .

The open oast nﬁnlng pmcess Is dependent on dragline opera‘tion
Cvlz. enormous ‘fracked -mobile exoavators which drag & bucket -
' across the exposed, released coal bed.. ~ Thé mo*tor-s drlvtng 'these
. _--units are the domina.nt electr!oity consumere. L .

- in bo-th cases of mining systems, power eleotronics o oon.trol the o
. motors. and elgctric control systems to rmanage the overail process
'-are wtar 'to the suooess qf the mining oper'ation., S

| '--;:Weshlng of rnined mater[al to enhanoe ooal quanty is aleo a motor' B f BRI
'drlven pmcess L S
IR '-The esttmated propor‘tfons of coal extreoted by the dT‘Ffal”Bﬂ'ﬂ

. -processes le showﬁ in Table & S, der-ived from Gr‘anvllle and
R Stanko (1992) ' ' _ _

o _’\

A movement away from open cest min!ng ls expected tomcour ln'to'

. tha future, as the number of reserves accessible by thls method is S
o fimiteds e DN G el

:Table_ 5 3 Goal Extractlon Peroentage for the RSA for different s

mining methods

joss|

Underground sharn 62%

by “Board & PﬂTar‘ 46% {1

. by “Longwall -~ o bsg
. by Piﬂar' Recovery 8%

) Gpen Gas‘t'. Shaf‘e . '. . 33% L

CglTetat o}

5. 2 8 Specrfic Electrlcity consumptmn L

Wl'thin the ooal rninlng lndustry, the eieetrlcﬁ:y inteneity of the

~ processes has been eetimated (Granville and Stanko,wsaj as shown o
i Tablea4. - L |

- i .
s

\ne



Table 5.4 .'.s‘;ieciﬂc ,-El:éct'a.-’ica'fy' adns_umpﬁan for Coal Mining

o JToTAL: EéTI'r{ATEB_' 2 BukWh/TON of COAL 50LD

} 8,0 kWwh/run: of ‘mine ton for complex washing
L 3,4 kuh/run of mine ton estimated average .

,Min1n9, Heating| 9}4.kﬁh{ruﬁ;of'mfnejtcn-éstiméteﬂ average |
_-convey1ng o e

'_'5 2. 4 Electrlcity Demand by coai Mlntng

Flgure 5.3 shows the gmwth of totai aiectricai energy consumpﬂonﬁ o
In aWh far coal  mining over - the period 1980 to 1994, Desmand
. profiles  for typicaI ‘ynderground ¢oal  mines are Illustrated in -
. Flgures 8.4 (a) and {(b). Flgure 5.4(0) Is an example of an__ )
T__.extensively automated mlne wlth an Incllned shaft S

L \.

' '__"_.Electricai Energy =

' wash'lng .P‘l;f__th_t "1 1,4 Kih/run of mine ‘ton for :,Hg type washing Co |

" Growth - in electriclty consumption for coal mining shown In Figur‘e -
- 5.3 was slow but positive during the. perlod 1985 to 1993. This wag

. An Tine with relatively . little export growth, low: lndustr‘iai gmwth
'-_and very Iow pOWer generatlon gr‘owth.-_ o ,ﬂ : .

- Eiectrlcal Maxlmum Demand

' Flures 5.4 a) and b) -of the demand profile for underground coal

| _minlng reveal a substantial peak to frough ratio of as much as 50% .
.. In a day. The peak achleved on a Saturday can be of a shorter o
- -duration than the weekday, but of the same order of- magnituda R

* Mechanlsation. achleved In  cosl mines In South Africa Is alraady

. extensive. The level of automation for improved mine productivity
- and safety has baen stimulated by electronic control systems. -

" The performance of the mine shown In Figure 5.4 G) suggests a

- different operating process to those illustrated  in Figures 5.4 a)

and b). Desplte the Installed. automation which may optimise coal
‘extractioh,. the benefits of load management of_ the electrIcH:y

o demand does not appear to tave bsen a.ch(exzed

"For' all the exampies shown, opportunlty appears tc: exlst to modify__ 3
- the load profile to achleve a better load factor and overall
- beneﬂclally improve the integrated systam ioad ‘facior. : :
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Figure 5 4 aﬁ Dernam:l Profile for- Typlcai Undergmund
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Figure 5,4 c) Demand Pmﬁle for Typlcal Undergmund
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o
5. 2 5 | Potent!al Future 'rechnology

: Increased mechanisation and washlng of coai produats offer someﬂ;‘f
. opportunities  for futurs lmpmvemant. ‘Howaver thase  are ail

- motor-based  technologles, . The elegtronic  control “systems do

- represent potential for efficiency improvemant, but aiso for supply
. system interferance from control ¢lrqultry. New. alternative
: electmtechnologles of large: tmpact do not yat appeat: Iike!y.

Man_agement . of envlronmentaily . sensltWa waste from coal
preparation processes, both very low grade coals which are
: discarded - In substantial quantlties, and also waste water from coal
- washing represent cpportunitles for Euture appl#cation of hew
technology. ' _ _

_'-_The use of discard coal in ﬂuid1sed bed reactors for eteam ralsing e
'hag been mooted by the Department of Mineral and Energy Affairs,

but - la not an end-use electotechnology, henge It Is - bayond the
scope of this report. Membrans technology for separation of =
- hazardous wastes and recovery of valuable materla!s from waste v
. .water has also galned attention. The effect on - électricity. ioad'
-gr-owth or shape at this stage ls. not expeotad to be slgn‘ﬂcan't.

The deVelopmant of ooal—bed methana ex‘tractlan in - deposits may -

‘have @ substantlal Impact, as the extractlon process requires .

- pumping, and. the pressure of the gas |s low hence compression ls
‘needed Tor fransmisslon-in pipellnes. The United States Department
of Eneragy has committed to development support as a result of the
‘USA/RSA Energy Summit of 23 August 1995  held in South .&fr‘lca'
(Presentation by Hamf O’Leary, Secretary for Enargy, LSA).

5.8 PLATINUM MINING
5.3.1  General

‘South Africa i§ well endowed with platinum. group minerals (PGM),
with estimated production of 127 tons from 24 Mllllor tons of ore In-
1989, - -This ls ostimated at more than B0% of the worid's
- platinum . production and hearly 50% of PGM production, © The
‘minerats of platinum, palladium and rhodlum are inciuded (n the .
PaM’s extracted In SA. (Granville and Stanko, 1992). =

Mining -for PGM’s has grown Into a substantlal - Industry in
relatively = recent years, with internatiohal market Increases (n PGM
pricas, - The latter has been stimufated by demand from users of
ptatinum: and rhodlum in catalytlc converters for mator vehicies, -
and for platinum-based catalysts In cracking of heavy ecrude oils.
Demand from Eastern countries for platinum jewellery and colns has
been a strong driver for PGM mintng a.rsd production increases, -~

_'_5 3.2 Basic Pmcess _ _ _
PaM 18 mtned at depths fess than for gold, but In conditions simllar .
to gold mines. After mining the ore is milled. Concentration .
¢ by flotatien. The concentrated product is dried and peiietlsed,“
then smeltedf 1o a matte In eiectrlc fur'naces. ' _

8



The matte contains PGM. and base metal by—pmducts o Sulphur
and tron atre removed |h a converter; and from the resu!ting o B
. convartar mat‘ce, base metais ara pressure lsached. -

' :The PGMs and gcﬁd as a by pmduct are separated and reﬂnad
B.3.3 Specific Electrlcuty Gonsumptlcn B
The deve!opment of the. platinum mihlng 1ndusTry has represen‘ted'-' '
an Important new growth of mining and electricity demand in the -
. past. decade. Tables B 5 and 5.6 show- the specific elactricity
" Intenslty for the mining of this metal from two different ‘cypas of o
deposlt, namely the Merensk.y and the Ua2 reefs - R o

’ Table 5 5 Trend In sneciﬂc elactr'lcity consumption for paMs

| kw_h'/oz' { c_ha_ngé'
L " PaM | kih/oz
‘specific cansumptich 1877 to 1983 | 1280 | |
- After devalopment of new mines by 1989 | 1 664 [+ 434 | -
Projacted future steady state 1eve1 N 1460 |--204 1

_ Table 56 Merensky vs UG2 Ore - specific electricity c_:oh'siz'm_pti_o'n'-._._' "

kﬂh/ton_
_ - of ore -
'smalt1ng for Merensky are | 29
Smelting- for uez ore ) 14
{Mitting. - S 18
-FTotat1nn S 10
: Total for Maransky . __57 o
-'_TataT fnr uez o 4z

Typlcally for' gbade of 3,24 'g'r"amefton, the average electricity

cohsumption ls 152 kWh/toh. . Hence 38% of elsctricity 18 used e - .

:' platinum pr'oductlon and the balance ts in the m[ning process > 5

A "step function " Increase from 19&3 1o 1989 'In, specific electrlclty 3
consumed * per ounce of platihum produced (Granvijie and Stanko,

1892} Js shown In Table 5.6, This could be attributed to the -
_ gradual replacement of blast furnaces by electrical furnaces, '

The raflning step s estlmated to raquire 2. 76Wh/ton of pr-oduct_
refined (Granville, Stanko and. Fraarran, 1933) - _

: 24. 



- 5 3.4 ': Electricnty Demand Characteristlcs

L Electricaj Energy

Figure 6.5 dep{cts Gwh consumptlon In the pfatlnum industry over
the  period 1980 to 1994. The d<ontinuous high level of growth in

~ ‘this preclous metal  sinca 1884 is reflected In  tHe elsctricity :
consumed by existing and new mines, stimulated by lnc_reased uss -

of electrical arc furnaces in the productlon of matte
| _'Electrlc!ty Maximum Demand o K I
Flgure 56 and . 57 deplct ‘typical pjlat:num'mine' ‘weekly demand

. proflljes, Howevsr, 5.6 is & mihe . with a refinery. The process of

mining for platinum 1s very simllar to that of gold mining and
.. hence . the demand curves might be assumed to be comparable. The
profile of Flgure 5.7 resembles a gold minirg proﬂle, ds it daes ‘hot

" have- on-sita reflnlng o _ : i}

) However, the ptatinum mlne deplcted In Flgure 56 shows a daily
~ load that is relatively "splky”, and the pattern over the week is at
‘a consistent  demand level. The extensive use. of slectric arc
furnaces for production of matte adds to the level of the load for
the site throughout the week. For. example, in the case of Northam'
Platinum Mihe, this  comprises a - 15MW furnace - with 6 electrodes

- ¢apable of smelting 15 tons an hour of flotatlon concehtrate into a

matte (Englneering News Mlntng Vot 13. no? 26 February 1993 p27) .

~In add!tlon most’ of the platinum mtnas have their owh base metals
refinerles, o : o

_Tha raduced deptn of mlnlng “does howwer mean that the need fOr, o

. rafrigeration is reduced, and mostly ventllatlon is requirad o
: matntaln working conditions at acqutable {evels. L

. B. 3 5 - Future Electrotechnorogy Potential

. Plasma smeltlng ‘has. been r‘esear‘ched but not yat lmplemented for 3
platinum. production In South . Africa. However with the experlence

. already galhed and the expertise avallable In the country th!s may - :

“well be applled in this countr'y. o A

As the depth of mining increases, this 'wllll '!'nﬂtiehca? the
Introduction of refrigeration and automatad underground systems, _
simllar to gold mining processes _ o B

. Bome pr‘e»drying of - platinum ma’tte concehtrates have been

N introduced Ih order to increase efficlency of the smelting process,

| but further lmprovemenis in efﬂclency would be bensflclal.

At this stage only tha new platlnum mlne “at Northam has a
temparature profile that needs refrigeration facillties to deal with a
temperature of 689G at the working faca at 2000m bslow surface,
Mining In the Platreef may have totally different capacitles and
- performance characteristics to the conventional underground mines
as the reef inclines at 50 to 55° and . a part may be accessible 1o
open cast min[ng (Granvllle and Btanko, 1990) : _ _

..35. -
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. B.47 OTHER MINING
. 5.4, 1 'ce;i'ber Mining

: Basic Pr-ocesses in copper‘ Mlnlng k -

--bpen cast- and - undergmund mining methods have been used in .

1995 Palaborwa Mining Company (PMC) anncunced a project to sink = .

.- a . shaft to access copper deposits at its jarge open plt mine-in the .
' Northern Frovincs, Thle will extend the.1lfs ef the mine¢ S T

cenveﬁﬁenal processes I underground mining ars used henr‘e-' .

- motors predominate, This.is confitmed from Table 2.1, nameiy 85% of
. etec’cr[city used for- mechanicai precesses n "O‘ther' Mining". -

. 'Qpen pit mines as in the caee ef PMG have in—pit crushere and
- trolley. asslst fransport out of the. mine, where 77 kWh/km s used
to - replace approximately 19,2 1/km ~of diesel fuel for the vehicles.

- Computerised truck dlspatehlng optimlses transport

"-Aut&genous mlmng as well ee ball mi!ling a.r'e used. The former‘ uses_

. more electr}clty and eomputerlsed centrpi a\foide over-grinding. N
B Precesses In Extr‘aeﬂng Copper . | o

3 '_-'Froth ﬁetation is used to- produce a concentrate from 'the mHIed
ore.” The concentrats .is smelted to matte in coal fired

reverberatory- furhaces, the furnace matte s blown to blister ., -

- copper th convertars, The resulting metal is cast Inte anodes.
E!ectrelyt!c refln1ng !s used to purify the anodes,

Production of sulphur &s & by-pmduc:t of the pmcese requires .

_specific handling of the flue gaeee, acid production or R
_ neufr*alising ef dllute acld s RURRTI

- Dawnstream treatment af  copper. 1o form - md elabe'_' or billets

Inglude slectrical Induction furnaces and gas furnacus, Rolling
and extrusion Is dene by eiectrlcally driven mills and presses

Tables 5.7 and. 5. 8 indicate the Intenslty of and precese d!s‘trlbutlon ,
~of electriclty. consumptlen per ton . of processed ‘material (Granville, -

Stanko, Freeman, 1993). _ _ _
Table 5 7 Specifie Electrlcity consumptlen ln Copper Mlning(1990)

T

_'-Extractien'PrQCese stage o | MWh/ieh e‘7
Mitng o e
- |Flotation 2.4
. |Smelting 0.5
. Ref1n1ng e_qta_ﬂ;

Average for extraction process"

'm

Total primarfy cogpe__r- 1n__due.try_ 8, 7 M’Nh/ton

38



Tabla 5 B Feraentag‘e uaeaga r.:f Elec:tr'ic:ty m'"_ ’ Vﬁﬂ%‘*&- copper .

 .USEAGE nf ELEGTRIBITY ; $jff?fiffL;.;; e

| wining kN f".j: -l 48 )
1 Mitling: S IR |3

_ lFlatation f;'_ ERRU Vi I R

oL hSmelting 0 o L
| Refining 4t

...........

'__'Tota‘l ' SR _109.__;7

o Electr!c:ty Demand charactaristrcs

e :Figure 5.8 shows the ewh history ovel the past 10 years with an
. ‘sstimated 1°225 GWh In 1990, The peak consumption was In 1987 and . |
- this séctor has shown a pr‘cgressive decline as economically minable_ R

) resewes have dwindled. -

| __.'The narformance of the copper mining Industry ,has been dnminated

by peor commodity prices for & prolnnged Jggﬁod, r'a‘cher- than by" R
a.}or‘ tachno!ogical Inﬂuences._ R _

;For' a repmsenta’cive copper mine wlth extraction p!ant an site, the o
<. dally ioad fac:tor is 81% and the weekly |oad facter is 73%. .

o Futura Eleetrotechnology Pctential

'-'Elqt:tr'lc “are furnaces for hea‘ting o rep%ace coa! fired furnaces'

B walild . seem %o ba the major area bf zﬁbpllcation. Induction heating S

ptplace. of gas heating - has gome potential for development, . .

‘Addtitional conveyor and transport - systems using elec:trlclty has
,tmi'cad scmpfa (Granviile and Stanka, 1992} - 3 | \ IR




:iséd'i;a'3 
'- 13ﬁﬂ, B
"1259'_;
 '_  zzﬁuI*i L
| _i 'i1§0 :?
...iIQOg_r 

1000 4

1400

- (nowsa - saanes} . L

| eddop Jop uopdunsuco AHoMORIIE S Sdnbid |

o

g N s

1om 1983 19

1 ) :

84 1985 198 987 1988 198 1990 1991 1092 9

"

=

-




| _' 5. 4 2 Dlamond Mining

“'Diamonds are’ .nlned frorn kimber!ite {p!pes), alluvial deposits and-;_'-_.:_. '-'

“marine- deposits, Material handling using motor drives of -
- various - types on. .Ian_d- represents  a major useage of. eieotr_l_clty,
- Enhénced - computer control is  [htroduced to streamline processes.
Identification of gemstones using UV and scintlliation methods is a
low eféctr-icity mnsumlng pracess, but impartant In the lndustry

'- In 1990, : this -sector. r-epresented 95‘?@Wh. hﬂfortuna‘taly i’c_
appears to be In a decline as RSA sources reducs, and world

- market prices decline. . Massive stockpiling ‘has ggeurred, and.__r'__':_ o
- pragressive - ‘weakehing of the controls which hav{ tradltfpnally:_

- managed ' tha level of trade In gem . quality diamonds, have driven

- thé decline to a large extent. It ls expected thgt changea in the |

"+ level . of electriclty demand will be driven Hy worid dlamond = .

‘demand, not by elsctrotechnology developments. 1t is unlikely
that productivity improvemants ih technology will c:hange the - -
'positlon of anshore 8A dlamond minlng capa;clty S

35 4 3 O’ther‘ Surface Mining

] '-_-'uategorles Included under Othar Surface Mlnlng

" Mining of iron ore, - chrome, . asbestos, manganese, fluorspar, - -

- phosphate, lead, antlmony, beach sands, and tin are. all surface -
mihing operationa. . - Together they represented 1 5826Wh In ~
. 1990, These consumptlon contributions are- shown n Tabie &s.

o "Table 5. 9 Summary of Other Surfa.ce Mlning Electriclty
L Ccmsumptlon Includlng minerals extractlon (1990)

| _.'TOTA_L T wiizon | specre |
-f MINERAL | Tons  |Consumption | - .
_ | ewh, o b F kith/ton
o ftronore « | ‘ats | a8 [ - 8.4 |
o Phosphates S ese. | x| %
| chrome | 198, | 4.8  46.0
“plead | 150 o - 0.48 937.5
| Fluospar . 130 . Q.27 481.5
Manganese | 170 3.8 ‘44,7
- { Antimony (. 80 { % S
| Beach Sands { 66 |~ 17.0 o B2
T o 1 40 40 0u27 200.0¢
_._j‘QT.AL R :1__55'2- o

S X Quantlties mf pmduction ciassifled by Minerals Buraau

. Sources.: Granville, Stanko and  Freeman, 1993 Graﬁviile and'__

- stanko, 1992. Mlner'als Bureau

: P



o Electmtechno!ogtes !n Dther Surfaoe Mining Appllcaﬁnns

L ._.-_.The methadolﬂgies have all been motar- Intensiva for applica-tion In T
+ " drag line aperation, conveyor systems, and also process}ng su::h & R
. .__;crushing and mnling where apprapriate S St

 Furthet~ scope. for - electrlfication - !s axpected in tranéﬁort
_- appllcations such as Incraaaed replacement of trucks by convayors,
- and optimisation of piant by us_e__of _more centrailsed computer '

- control and Femote o;:.araﬂons

' Environmental considerations for restoration of mined areas nﬁy

add to the mechanical prgcess loads e.g. conveyors to return o
' :Iandﬂ!l material to exc:ﬂvated ar-eas (Granvtlle and Stankonggz)-

AR . ...§‘~

B ..“.



o recycled that could not be handled by the BOF:

B P :;:--.. S R

3
T 2 METALLIG MINERALS pmcsssms sscw ft
A - BASIC IRON AND STEEL PRDCES*SING ;fi-__;__
. i !.“. o
6.1.1 - General R {\‘
I

. South Africa’s steet 18 approximate[y ohe percant T the world stea]

production. = A reiatl\feiy smail component ts exhorted as raw
-~ steel and plg lron-billets. - A substantial propertion of the
- ‘world’s lron and special alloys suoh as manganes= chrome and .
sillcon exist In’ South Afric:a. AR B L

'Approxmately two—thirds of the 9,6 mlI!lon ‘tons c[f stee! produc'tlon- :

in South-Africa In 1889, and 8.7 mltlicm tons in. ¥ 90, was by the

baslg oxygen furnace (BOF) routs and ‘one third:by the submerged -

slectric arc furnace (EAF) route (Granvltle, Btah jo and "Freeman, .
-1995‘\}, Internationally 770 milllon tons were pre uced in 1830, of -
- which the USA produced 88.7 million tohs. In 1919, this had been

785 mllilon tohs. OF this production B1% was” pra uced by tHe BOF

route, 35 % by the EAF route and 14% by the sjmewhat outmoded < - -

In-the USA In

‘open hearth route (Granvllie and Stanko,1992).. _
used the EAF -

1987, 36, of the 77 million tons of steel product;

" process (EPRI, 1987a). Iri 1970, the proportioh cf shipments from - .
-mlnl—miils was orsly h%, and thIs Inareased to ?'1{'5 in 1985 (Barne'tt e

: 1989)

Pr‘ograsslvaly the trend has been toward the L"AF r‘oute, especlally _

In the USA with ‘the development of “mini mills!, ~ The latter are. = :

. particuiarly relevant because they can use rec cled ‘scrap

- ~providing some onhe third of annual raw stes! agpply.-  Their -
growth was largely. stimulated by the surplus cf serap to be

_ which had been

~ instalied at Integrated mills to repluce Inefficiert open hearth

© furnaces. The term "minl-mill" |s based on the iimited rahge of -

products pmduced not production uapaclty, (EF I, 1984b, 19874)

This shift toward more EAF-basad productlon ha\s manlfestad in
South Africa already. Proposed rew plant in the RSA is based on
EAF technology, which follows the projections byl EPRI for growth -

In use of EAFs to 50% of USA steelmaking, and ¢|milar trends

. worldwide (EPRI,1984b), - The range of forecasts for world steel

demand by 2016 ranged from a high of 1 738 milfon tons to a low

of 698 mililon tons with a mld-range projectlon czk 1 200 million tons

(Granville, Stanko and enman, 1998), RS
. : '|

Implications for electricity demand !n South Afrlc;%. oou]d be

 affected significantly were a transition to ocour frFom nan- alec‘tﬂdﬁl '-
" to electrle are furnacge productlon In the next des ada of the =
development of the country’s Industrial base. Ade ‘tlonal capacity to

- meet Interhatlonai demand growth wow,'d compoun- such demand for
__electr-icity. - e S T _

akl Lo N - .. e
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6.1 '2- Bas!c. Processes In Ir'on and Steei Makiny

" Iron oxide ore (of haematite or magnstite form) is smelted in a

blagt furnace with -[imestone and a reductant at temperatures over

-~ . 1000° Calsius.. Traditionally coke has bean used as the reductant o

- In blast furnaces. - Newer processes such as the Iskor Corex; .
"based on the Kohle=Reduction process, use raw coal. - Molten pig :
- lron is praoduced. In thls stage, (Granv lle and stanko, 1992, R
: _Granv!lle, Stanko and Freeman, 1993) : _

| '--'_-:IST"Ae separation of Impurrt!es inciudlng excess carbon from the

reagtion product viz plg iron, requires higaer tsmperatures, about -

L -.14000 Celstus, - - Steel . is produced from the moiten pig ron and

- gxcess carbon: Is removed by oxygen elther In a basic oxXyagn .
furnace or an eléctric ar¢ furnace. - Other Impurities are removed

. by metallurgical processes. Ferro-manganese, ferro-chrome and
-~ ferro=silicon ¢an- be added to impart enhanced prcpartles o tha :
T -.steel to: r:aroduca alloy staels. (EPRI;. 1987&)

A pmgressi\fe?y gmwing part of the #ndustry tn South Africa ls

~ the direct reduced lron (DRI) method which Js used In place of the . -

btast furnace stage.. The metal {n the ore Is reduced at

o . tempera’cures below the mettlhg point of the metal, l.o. It does hot

praduce a malten product. Bubsequent smelting Is requirad- by
© BOF or EAF, for example. The DRI stage is not a predominantly
elactrical proséss other tha_m mater'lal handling, e g. large motor

"'-'_-'drives fcr rotatlng kllns

Tha DRI proc:ess using gag as & reductant Is callad Mldrex and o
Intsrnationally the DRI (with coal) process is named SL/RA..  The
~ Input material requirement le for an Iron content of about 68%, '

' Implyltg elther a good run of mine ore or beneficlated org, &49. In

pellet form. DRI then produces typically a 92% metallised. product, |
_“There |s potentlal for Mldrex, with the development of ‘a natural .

~ gas Industry In the country, or- using synthetically pmduced

.methane«rtch gas fr‘om 8.9, SASOL : _

Additional- DRI capacity of 160 000 "’ccms per year, was announced by _
' Bcaw Metals (Engineering News, 17 March 1985, p3). This would add
to their existing two DRI kilns, each of which have 80 000 tors per .
_year sponge . iron capabllity to feed the slectric arc Turnace stage.
The decislon was motivated by the ahortage of scrap fermus metal
ln South Afrlca . _ _

The Electric Arc Furnace design ccncept is: well astabllshed. These
EAFs are treated as two vintages in the study teport by EPRI =
. (1984b) namely pre~1945 and-post 1945. == The early designs were
© sulted to production of carbon and alloy steei, and the later
Var'sion couid produce carbon, alloy and stain!ess steel. -

' Speclfic elactrictty ccnsumption in the USA quoted for tha pra-1945 S

EAF 1s typloally 626 kWh/ton for car‘bon steel production and 740 -
kwh/ton for alioy and stafniess steel. _Post 1945, the design of
' -EAFs are soma 10% more efflcient in speclﬂc glectriclty . '
 requirements. A further 15% electriclty reduction has been achieved
by use of a hood to capture off-gases.and pre—heat scr‘ap charge
o for' carbon steel production. (EPRI 1984b) o
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- Although théare were a number of very largs EAFs of over 300 ton =
“capacity per tapping cycle In thd USA in the mid-~1880’s, the L

. majority of the unlts wére less than 50 tohs. with transformar -
'ratmgs of SOMVA and !ess {EPRI, 1987a) _ '

_ Because the overatl energy required ner‘ ton of steei pmduced by
‘the EAF voute Is half of that required with the biast furnace-basic
~ oxygen furnace route (BF~BOF), projections made in the EPRI. .~ -
" report (EPRI, 19841:) wers for-an-Increase in EAF share of steel

_.-mak!ng to. grow from 34% to 50% of USA steelmaking‘ o

601,38  Specific Electrlcity Consump-.lon S

In nr-der to apprectate the alectr‘iclty ihtensity of the steelmaking
- procegs In the RSA, Table 6.1 was assembled from information.
--_'cantatnad ln the repor-t by Granvtlle, Stanko and Freeman, 1993.

'-_'The aléctrlcity |ntenslty per ‘ton for EAF ls comparable in the

“South African processes with the Tlgures gucted In the EPRI report

' :..Qh steelmaking (EPRY, 1984bhipp 3-21), viz average normal carhon of
n,\BOGKWh per ton, .best normal carbon 475 kWh/ton,; and avarage . -

hooded carbon 430kWh/ton of steel production, and B20kwh/ton
- r’eferred tc: In the communlcatlcn by Granvll{e and Stanko (1992). 3

Table 6 1 Speclﬁc Elec:tnclty ansumptlon for' btee maklng in RSA

(1983)Hm“ L
"ﬁi - _3¥=¢} | : T ':f:
SEN R ' . _specmc comsuuprmre MNh/TON ’_--
~-MTON$ PQ?UESS / RoUTE .
| : _Production Ro'l'l‘ing M‘l'ﬂs TOTALL -
B B1ast furnace - -" {0, 3 S 0;75
- ’; .(Gorax p1ant) - direot 7'50,675_1' S s 1 £
B - oxygen eyl L
'_- '7"'3'*7"'l S 0,4 _,f; .
(M‘ldrex P'Iant) -pRI- | 0,7 [ : 11,56
L SRR sme1t1ng 0,88 | o .
2,2 e — e 2
o EAF using scrap R : 0,52 IR {7138
-1,1_'In conaunction with o ) ": 1,8 -';_ jﬁ'“:-'fi;af
S  Vanad1um (1_9 H19hve1d‘_*i-_' . I

6.1 .'4  s Electricity Demand characteristics for Imn and s*ceei
E Elac'trlcal ensrgy

"Flgure 6.1 shows the growth in GWh for thls sector 'Fr'om 1980
- No substantial capacity was added in the 1980s, and the -

consumption pattern reflects the economic demand for products th R

. the domestic and export markets. The typlcal cyclle nature of _
. . commodity demand shows with low- potnts in electrlcuty eonsumptlon
In 1983 and 1992. : . o :

a8
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.'”.E!ectrlcity Mammurn Demand F'roflle

Flgur‘e 62 shaws the dally and weekly demand profile for & Iarge
- Integrated plant with Blast Furnace/Basic Oxygen Furnhace (BF/BOF) .
- 'route for Stesl making. Flgure 6.3 glves the pmﬁle of 4 plant '

- uslng a Electrlc Arc. Furnace pr-ocess

'Flgure 62 Illustrates demand for the BF/BOF route. Al’chough ‘the
load factor Is high for this plant, the thermal load supplied by - -
electricity is reélatlvely low, and mast of the demand is for motor -

- loads. Henhce the load fluctuates throughout the day and during the -

. week, depending on the mix of products being produced. The high
- base Joad' [s indigative of the attempt which has to be made to ka;ep: "

 basic metal production and heating levels relatlvely contmuous
-"-..'thr'oughou’f the perlod for tha Iarge fossll - ﬂrad furnaces

Erom - Flgure 6 3 for eiactrtctty demand by the EAF routa , it can.

*'be noted that the although the thermal demands in this process are
- not as oheroud as in the. blast furnace/BOF route, the load can be. -
- “managed for consistent demand. In the case of this example, the .

plant Is operated throughout the weekend at the same. level as =~
- during the week, and beneﬁ_ts from the off-peak Tariff E, which
- provides "free megawatts" during weekends and at night, subject .

 to.a minimum average ehergy. charge.Thls is covered in Sectiort 8
" ;__and demonstra‘cad in Table 9.3.. . = - g :

"'a 1.5 Potential Future Eiectrical Technology Impacts

Lk 'The use o‘f planma for smelting and producing redyction. gases

has potential at approximately 2,6 -~ 2.6 MWh/ton of molten
-+ steel. Bome work has been done In 8A by Mintek and in -
- Sweden by SKF on this, and was also reported by EPRI.
- (Granvi[le, Stanko and Freeman, 1990, EPRI, 1987a) '

¥ Addltlonal use of EAFs in South Africa. ln m!m-m[li form In 'tha
- 1990" would be new in RSA afthough- it would .not be ratsd as
new techriology internatlonally. = WIth reasonabie avallabiiity
~ -of DRI or scrap metals this has been identified as a distinct
--possibility., To be econamlc, minl-mills require access to .
sufficlent scrap lron by the SA lron & and steel industry, -
which implles importation of scrap, or sponge iront productlon
7 by DRI Since initlating this report, the latter has been the - .
 purpose for a new plant as noted in Engiheerlng News (1995b).

A mill for production of 1,2 million tons of steel colf per. annum
- has been proposed by the Industrial Developmant Corporation -
. and Iskor for the Saldanha area, using Sishen-produced tron
- ore; L.e. approximately 800 GWhours per annum, or S0 MW. .
. Sponge Iron from the Iskor Corex process is plannhed for
- refining using & twin- shell. EAF process, thin slab cohtihuous
“gasting, and. hot strip rolling. No scrap will be required, but
- . pelletised lron ore wili be. imported from Brazil. (Engineering .
News, 30 June 1995, Yol 15, No 25) ' This project has bseh .~
- gantroversilal - because of Its lotation in an ecologically sensitive -
area. Although delayed through demands for additional - -
- envirohmental impact: avaluation, the pr‘ojao‘c has recelvsd
-_approvai to pmceed g _ _ _



Sk Preheat!ng of scrap thraugh lnductlcm heating has been o
. .raported as having potential, as does reheating of metal during
-~ the downstream proc‘.essing and wor‘klng of the metal '
(EPRIJSS?b) R _ _

% Additional use of EAFs in lntegrated ‘steel muils to replace

v alternative routes llke BOF, would repraesent a major - change' In o

: 'enargy and electriclty oensumptlon pat-tems

ez 'j f . FFRRO CHROME PROCESSING
6 2. 1 h General

' South Africa has ample reserves . of chromits,  “'There is also a

 largely unexplored resers in the UG2 deposit in the Transvaal .

- bushveld complex, where chrom:te concentratee cah be pmduced las
a by product af plat[num :

8. 2 2 Basm Processes o

| Reductron of 'rhe ore has been undertaken by a number of avallable

routes, The submerged electric arc furnace has been extenslvaly_ :

“ysed., A DC transferred ‘arc plasma furnace was already in use in

. SA from 1983, which was subsequantly uprated- from 16 MVA to. 40 - =

'~ MVA in i887.  This was reputed.to be the worid’s largest
installatlon at the time, (Garz, 1992) S

' -Th fmely Qround chromite Is pelletlsed and reduced to 70% metal .

11:ent in the klin.

Pllo‘t stud!es based on the Solid State Reduc‘cicn of Chrome (SRC)

- developed by Showa Denko in which a rotary kiln reduction. stage
' precedes smelting in a submerged arc furnace, uses run of mine.
fines and moved Into commercial. application, Mining Weekiy {1998)

" reported use of two 33 MVA submerged arc¢ furnaces ata
Rustenburg plant for. productlon of charge chrome. The CODIR or
‘Chrome Direct Reduction (CDR) processs which uses run of' mine with
figh carbon content In a very high temperature rotary an to _
attaln 0% pre reduotlon has also been demonstra‘ted

o Rotary k!lns also represent a substantial motor load, as Indicated In.

- Table 2.1, 21% of electriclty Th the ferro—chreme sector is consumed

- n mechanfcal pmcesses.

'6.2.3 : Speclfic Electricity Consumptlon for‘ Ferro—chrcme .

- Thers’ has been a substantial growth In South Afrlc:a of the _ :
ferro-chrome Industry. = Various methods -of production have bgen.
applied. = The range of specific electriclty consumption levels for
these pmceseee were taken from a study undertaken by Granville, S
_Stanko and Freeman, 1991, . _ _

' me Table 8.2 It can be noted the Iess electriclty Intensive method _'

‘is the Japanese Solld Stute Reduction of Chrome or SRC by Showa
Denko. The smelting stage is In a submerged arc furnace and is

. preceded by & rotary kin reduction stage, at 2.7MWh per ton.



- Ik has been reported that in Japan this process has been oy
- implemented such that It requires only 2 MWh/ton, of which 1.7
- MWHh 1s used in the furnace. and 0.3 MWh ln auxillaries (Granvllte,
'Stanko ahd Freeman, 1991y _ : _

Table 6.2 Spec:fic Electrzclty Consumption for Farm—chrome (1990) S

'PRbnuchoN' R MWh/TON -ESTIMATEDT

< | prRocEss 17 |KTONS' PRODUCED
| |Submérged arc (open. top) o4 'é'ﬁ_o o
| . (closed top) -~ |" 4,2 | -
Sn’!'id state Reductwn of Chmme 2,1 - 26__0_

N pre—reduct‘ian

: _¢od1r/chrome £ rect Rédut:t{q_n-”. _-3_1’_5_. | B -
Tk pre—r‘educt'lnn (new) - }- I

q"“Dc Plasma are '-';T'..__ :::' "I”4;5  1 00
(transferrad arc) o SR

5 2.4  - Electrimty Demand Characterlstlcs
B Electricai Enargy

thure & 4 shows the hlstorlcal gmwth [n demand for e!ec-trical
. energy in GWh since 1980, = This demonstrates the cydlic nature :
& of the product demand in. the world mar'ket, into wh:ch the major!tyj--
of 'I:ha SA pr‘oduc‘cion is exported. o S o

_ -'The worfd depression ln 1981 /82 ts raflected in ‘the Iow level of .

- demand for farro-chrome and hence electricity for its production

- that period. -~ New capacity was rapidly bullt up In SA slnce the
mld-1980s as world. demand and prices. grew for ferro-chrome.

Many other countries followed a similar path to achieve low cost
production capacity, As can be séen from Flgure 6.4, for much of -
1992 and 1993, South African capacity was not in production -
becayse of world oversupply, low demand and hence a collapse of
priceés. The figure shows the renewed electricity growth in 1924, as
the tur'n around of demand and prices in 1994 tcok effec:*t: ’

- Large additlonal capaclty has been commltted for 1995 and 1936.
Chrome Resources Increased chrome pellet production to feed four -
Chromecorp arc furnaces with a present capacity of 280 000 tons of
ferro~chroms, and two additlonal EAFs planned for 1996, which will -
raise production to 440 ODD fong per year. Bamancor switched:
‘production from slilco-mariganese and ferro-manganese In existing
furnaces in 1995, Tubatse slag recovery was belng Increased. from
10 000 tans to 80 000 tons, and a new 50 000 tons a year plant © . -
would be commissioned at Ferrometals during 1995. A doubling of
Chromecorp - productlon within the next few years was belng '

o oonmdered by their executhe (Roblnson, 1995&, b, c)

B2
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"'-Electrlcal Maxlmum Demand

.’,»

» '.Flgure 6.5 shtms the daliy and weekiy maxlmum demand pmﬂle cf a S
typlcal ferro-chrome producer.. ~ The consistently high load factor .. -~ =

s indicative of the productivity required of such a plant fn: ar-der '

- to maintam oper‘ating temperatur'es.

 The high nlght t]me and weekend load levels” dre direc‘ciy '
influenced by the use of ESKOM's Tarlff E, which allows demanq
- charge free operation for: specified periods at night #.i over .
-weekends. The electriclty pricing. structure offered by ESKOM is

described nmore fully In Section 9. The ffuc*tuatfon in load In a- day' .

1s substantial, of the order of 16 MW on.a base of 40MW In the
example shown. The electrical foad Is determined by thé operating
'_capacity of indlvidual furnaces ln a mutti—furnace oper‘atlon. -

I - 2 5 Potan'hal for Futura End use Electmtechno]ogy

Innavatfve technolc:QEES like plasma arc furnac:es were reported as
- haylng the potentlal to find favour over the longer term (EPRI,

- 1987a; Granvllla and Freeman, 1991). - The experlencs in South.
Fica of a malor 40 MVA Installatlon using DG transferred arc

. technology, and Mintek’s reglstered patents [n this technology, -

~ ‘might well confirm this as a preferred future technology far S
: repl&nement and new investment in the future " T,
8ubmerged are furnaces of more effiolent deslgn have a!so been
© ldentified as being In the offing. - Their application would be
very dépendent oh new plant being bullt In a period of recovery - -
‘of world demand for ferro-chrome especially for use In stalnless
. steel. The capauity referred to by Robinson (1985c) was for.
commissioned plant comprising two 30 MVA, ohe 33 MVA and one 39
'MVA submerged arc: furnaces, which produced 280 000 tons per
. year of ferro~-chrome. Additional capacity from two more arc
' furnaces would Inoraase output to 440 000 tons per year B

o -Hjstcrical pmject!ons suggested scope for doubllng the 1990 base
of production of some 1,1 fto 2.1 - 2.4 Megatong of ferro-chrome by
2000 (Granville and Freeman, 1991).. Developments In South. Africa,
with announcements of new plans in 1995 and 1296, suggest tha't
thls pr'ojectron Is not unrealistlc o _

he risks remam of perlodic worldwlde overcapamty in this

" commodity. The aspiration of each producer Is to-be the low- cost
producer which remalns in pr-ofitable operation desplte price

" declines. Eiectrlcal end-use technology Is key to achleving thls

‘Because of f!uctuat’ons In world demand, the need for produo_tion
flexibility has taken design of plant toward several smaller .
furnaces rather than a few [arge units. In this way, a complete.

" unit can be shut down to reduce production throughput, instead of -

operating a large unit at lower capacity and effliciency according to
-Samancor (Engineering News, 28 July 1996). This could Inf!uence :
demand arowth and load proﬂles by introducing smaller step
'-c:hangas in demand _



'_ _6 3 FERRO—MANGANESE FROC‘EssING

o . L e

-"_6 3 1 - ﬁenera! f

- South Africa has Vel"y substantral reserves of manganese ore, _'
Thera has been: progressive detling in the use of ferro—manganese
in-steslaking due to dirsct use of the manganese are. ~ The -

- primary use for ferro-ranganese has besn for fts favourable
- properties imparted to'the metal. In stesimaking.  Very small

-'quantities are Involved, namely approxlmateiy 5kg per tcm c,f raw RS
"'steel ) o _ _ _ 3 SR

- '_-6 3 2 Baslc pmceases

Low grade ferro—manganese uaed to” be ma{hiy raduced from -
- manganese ore in blast furnaces. The prefarred technolagy of
recent times has been $ubmarged am alectr-lc furnacas

- An advantage of the electrotechnoiogy route has been that tha hlgh
- carbon ferro-manganese or the ferrosllico-manganese could be . .

_'_-___produced ln the same furnace by changlng the input feedstod,‘_ o

_6 ”3 3 Speciﬂc Electricfty consumptson :J L SV

L 'The estimated product!on of ferro—manganese and mrrosiiico -

- ‘manganese for 1890 shown In’ Table 6.3 were extracted fr‘om the 'i
'-'__3study by Granvlne, Stanko and Freeman (1991) W

e ._f' Tabie 6 3 Speclﬁc El‘ectr-iczty Consumptlon Ferrwanganese {1990)

' pchacT T - Mwh{TDN TONS (106)

: "'.’.,;.4 i

'Ferro—mangane;‘*! __.3;0 _ 0,3

: Ferrr::si Hco ‘ﬂanganese 4".,':'5._ © 0,3
1 Aver‘&ga Tota‘[ _-3',:{:4_.' | 6

L, o

By 1993 the 'i'cscal" capactty”for Sroduction hed increassd to 700 000

" tons of Ferro-manganess, and 420 000 tons of ferrosilico~manganese.

B By 1994 the production capacities for these materials had reached
approximately. 1,1 miilion tons per annum. Rapld capacity expansion
and -periodic underutilisation of capaclty has characterlsad this o

cycllc commodity industry.

- 6.3 4 . Eiec'triclty Demand Characteristics
Electrlcal Ener'gy | L
| "'_'Flgur‘a 8.6 shows the gmw‘th since 1980 tc 1994 of elec‘tr:cat ener‘gy

' for this Industry sector.  The cyclic nature of the Industry is
‘shown. This is dependent on international and Iocal commodity -

- demand has noticeable eccmomlc cycles.:_ o
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- -_There were sharp declines In alectr*icrty cnnsumptlon in 1983 ant!

- -1991/1992 when world demand. for férro - manganese reduced,

- Growth over the perlod before 1991 was from new. arc furnace
- capacity which was Instalied, as. wen a.s Increased throughput of

B -existing. capacity

'_The large size caf Individual !ns‘caﬂattons ocn'tributes to the Iarge
steps on commisgloning of new plant or turning down existing =~ -
- plant. For example a single DC transferred arc plant. installed In

-the ‘country (s 10.8MVA capagity. An operationa! plasma are furnace-

o uses 38 fo 4, SMth‘tOn of me'l:al. -

8, .3 e Porterlt!al for Future. Technology

_Inoreased penetration of advanced technologles |lke piasma

. transferred arg, In a "boot furnace” which reduces vapour losa af PR

o manganese has been pqstulated (Garz, 1992 EPRI 1985) .

':._-‘--'s- 4 ﬁ'_f' FERRO-SILIGGN Pnocessmc-.

6. 4 1 ' General _ 3_- S o )ﬁ

'The main use of fer‘ro—~slllcon hasg ‘been as a deoxidiser in
‘steelmaking and for slag treatment In extraction of valuable -
eflements. - There has besh a substantlal export market for this

. product as well as a market in South Africa for- local consumption:

' 1 ‘steel ‘making, such that 50% has het—m experted ln tha past., _

T (Granville and Freaman, 1991)

8. 4. 2 Basic Prccesses | - |
.:The mataria! Is normally reducad In submerged arc furnaces, as o

. -very high temperature is needad. . A two stagé process Is used
o raduce the dioxlde o the requlred alement. LT

6 4. 3 Speclflc Elac‘trlclty Consumptlon

“The estifated specific electricity consumption for the ,woduction of .

-~ ferro-sllicon Is shown in. Table 8.4, der]ved from the r'epor't by b
“Granville and Stanko (1990, - : . Lo

-.T’a_.bie 6.4_ Spec_ific .Electrldi"ty'-consump*t_ion*'for_ Ferro-siticon (1-_9.90)- o

PRODUCT '-Mwh_/to_n. '-'Quaﬁt'ity"'

Farro—8111con ; *”9;5__3j' 90 000 t

X Average consumption varigs across the ranga of Fer-rcr silicon. i

g - '11 MWh for 75% Ferrowslllccn ' e L

5~ 8 MWh for 4% "
- 3,5 MWh for 2% - .

(Granvllle and Freeman, 1991) '
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| 6. "4 '4' ' Electricaty Demand Charactenstlcs '

'-'-':_"Electrical energy e o

- Flgure 6. 7 depicts GWh. corlsurnptlon In e!ectrical energy since 1980.

~ The cyclic demand for energy reflécts the world and local economic

cycle In demand for steels and hence for ferro-siilcon, as has been
prevlcusly dlscussad for. ferrc—chr‘cme and ferr'c—manganesa S

* Growth has been In- physical plant and in aubstantiai levels cf

change of capédcity use of that plant to serve export markets.:

 The three Samancor furnaces total 98 MVA (Minerals Buread, 1989)
The Samancor Ferro-silicon plant at Withank has an electrical
.o capacity of 48 MVA for 26 000 tons cf prcduct per year' (Meta! =
o j-BuHe‘t!n Mcnthly, August 1990) _ B

o _Elec'trsclty Maximum Demand

' _ Data on dally and weekly demand prcﬁles of a typical Instaliatlcn )
it thls sector were not avallable, as plants produced mixed.

products, and measuremants were not avaﬂabla mada cf lndt\ridual

C -_plant perfcr'manca, _ _
. 8.4.5 Estlmated Capacrty of Major' Piant

There are relatlvely few: prcducars cf Ferm-snlccn in Scuth A"rica._

These include Rand Carblde with 55 000 tons per annum: capaclty,
Sllicon Smelters which concentrated on slllcon metal, and - =~
Ferrometals, a Samancor plant. in the relatively depréssed

- demand of the 1990°s, South African demand was only 40 000 tcns, o
B hence many cf the furnaces were nct operating. o

_' In 1992/1993 & new" cn‘l:r'aht to tha sactor conver‘ted a Na'l:ai faci!lty :
with twa. arc furnaces from the production of caicium carbide to-

production of ferro-siifcon to enhtsr this sector.  Capacity was
created of §5 000 tohs for export. Installed capacity of electric arc -
furnaces in this sector in 1990 was 226 MVA (Granviile and

" : -Freeman, 1991). New production capacity was announced in 1896,

6.4, 6 '_ Potantlal for Future Technclogy

'Scme pctentiai exlsts for the use of plasma. technology due to the
high temperatures required, - Such plant has besn Installed In

Canada to make siilcon and ferro-silicon. . Refined versions of the - '
electric are furnace for naw future p!ant will alsc be re*cvant

- (Gar‘z, 1992 EPRI 1935)

36-.5 | STAINLESS STEEL F’RCJGESSING
BB 1 - General

~_South Afrlcas stainiess stea! producticn ln 1990 was cf the crder
- . of 120 000 tons,- - World production was approximately 12 million -
7 tons; te SA prcducticn was only 1% of worid total. All the raw -
. materials and Infrastructure especially electriclty have besn -
o avaﬂahla Iocally fcr SA to be a successfu! world ccmpatitcrr



o ('J.. -

" “Hence the commitment made by private ‘sector Investors t6 build a=

- wor'l:o—class plant such as Columbus is In Itne with this opportunity. .

 planned anpual capacity of Golumbus has been reported as 350 000 -
- In- 1986, 600 OQ0 tons by 19989, Thers are prospects of lncreasing

. this to over 1 million tons after the turn of the century. With

Iskor developments In stainless steel, the RSA should be the sixth
--_'largest stainless s’ceai pr‘oduoer n the world. (Doka, 1995) A

. 8.5.2  Baslc Process

: 'Tha eieotrio aro furnace has “been the dominant thermal teohnology
in-use for stalnless steel production, especlally to aveld

. gontaminating products. — Speclal alloys of varying levels of

- carbon, chrome and other elements ara used to achieve various a
' grades of sta[niess steel ' _ L : .

" -Meohanical prooesaas tor material handling, roiilng use

'conventional motor dr'ivas oo

---_6 5.3 Speolﬂo consumptlon o o
. The estimated e'eotrlolty consumptlon par ton of stainless steel at _
 varlous stages of pr-ooessing Is given in Table. 6.5. (Granvllie and

- Freeman, 1981) _ . S

o Table BB Speoiﬁc Electricity consumptuon for Stalnless Stael ' '}_—J _ o

- jMWh/ton Prooess

0,8 | me]tinﬁ

© 0,17 [Hot strip MiTI o

' -1__..o_a__- Total

| g, 5 4 f £ otential Fu’cure Teohnology

- No maJor new technologies have been proposed - However
. potentlal exists to extend the. industry . with more production for
export, e.g. the Columbus project,” ~ In & project of the magnitude
of Columbus, the application of technologles to enhance productlvity .-
such as alestric element pre-Heating of parts of the process, e.g.
tundishes, and Induction heating of ladles which were proposed In
studles llke that of EPRI (1984h) have been realised. Electronic
process and drive controi have bean extenslvely applled. S

6.6 ALUMINIUM F-Rocr-:ssme

6.6:1 ' General

~ Imported ‘alumina Is used in '-sou’c Afrloa for . productlon of
- aluminium at Alusaf In Richards ays -



e Un’cil 1996 Bayslde wlth ‘170 000 tons capacity was ‘the only RSA

© primary production plant, In. 1888 South African production was
only 1% of the world total. Relatively iittle aluminlum was. exported
‘approximately 30 000 tons per year, as the product was focussed .

. on local manufacturing needs. The upgrades planned for Bayslde =~
‘will Increase cipacity to 200 000 tons (Brldge,1995).. Iniﬂa! capa.city S

_ _'[n 1971 was 50 000 tons {Meachanical Technoiogy, 1994)

. The: extensions to A!usaf at ‘the new Hiilside si'te at. R{chards Bay
“are éxpected to ralse the efectricity demand tc 800 MW in order to - -
=rodude an additional 465 kton per year of aluminium, primarily for -
exnort, The pot lines are claimed to be the largest In the worid,
© with 578 cathodes located Jh four pot rooms, each nearly one - . -
- kilometre In 18ngth (Englnesring News, 28 July 1995 p59)., This was
cammissloned In mid -1986. - _ _

662-.BasicProcass_ | _. | |
* Alumina ls electrolysed In’ molten sodlum a!uminlum fluorlde. = The

operating temperature is about 1000° Celsius.  The original
process which was developed by Hall and Herault ln 1885, is a

: ""-'c:lir'act urrent submerged arc process.

-The dominant productian C‘OS‘L’ element 18 electriclty, wh!ch pmduces
- heat through dlrect clrrent flow through the électralyte. = The
‘aluminium is. reduced from an lonic state to a metallic state, and It
forms a-molten pool at the bat‘tom of the cell which has to- be

. dralned periodically

"The submerged carbon anode 13 consumed ln the process. . Gas
which Is produced-In the process Is partlally wesd for heating.
 Secondary processes such as castlng, rol!lng and ex‘cruslon are
_pradominantly motor driven, .

B Recycied scrap ih small volumes !s smelted . in electric lnduction :
furnaces. . :

‘ _: cast!ng at plants other. than the Intagrated plant at Alusaf have
used non-slectricity lhtenslve processes e.d. reverberatory
furnaces to smelt scrap a.nd prlmary aluminlum.. __

6 8, 3 : Speciﬁc GOnsumption '

Substantial research has baen published Internatinnally oh the
‘highly competltive aluminium ingdustry. Electricity suppllers have
had 1o compsete on price to attract aluminium plants.  Innovativa
elactricity tariffs have been structured for the special nature of .
- these high base load plants, e.g- Bonnewﬂe Power Adminlstration

' (USA), and motre recently ESKOM, _

" These tarlffs have bean lnked to lnternatlonally pubiished market .
prices for aluminium In a risk sharing mode to reducs slectriclty =
- prices when aluminlum prices are [ow, and 1o lncrease the price of
electrigity when. aluminlum prices are high (EPRI 1988), .

Specific_eleqtrlcl_ty_ _c_:onsump_t_ion is_given_ in Table 6.6.
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' -Qver a ninety year period cf 'I:echnology maturity, ‘the@ speciﬁc e

. electricity required- for-the primary stage has droppd from 5. e
© MWh/ion to less than 16 MWh/ton, as shown. in a figure derh_red e
- from Brenner by Granville, Stanko and Freeman (1998). The .-

- modifications: at Alusaf Bayslde will ‘increase current throughﬁut'”
- from 120KA to 165kA DC. The dacline in specific corsumption from
: 15kWh/kg o 13 kWh/kg is at, 'tha tcp of WOr‘ld standards '

o 'Table 6 B Spec]fic Electncity Consumption for Aiuminium
P Pracesslng . N _ _

| 'ALUMENIUM=PLANT_PRchéSVj]'MWh/TGN

- {Etectralytio Production 15,0 -
. knc'l‘nary Equipment - | -~ 1,5

 SUBTOTAL FOR. PRIMARY 18,6

: | Rcﬂing and ExtL .1 0,8 to 1
- |Metal Powder amd ™ . -} 0,7 to 1
] e—oxidant Productwn N o

SUBTOTAL FOR SEGONDARY - 1,8 |

o --:'(From Gr'anviHe, Stanko and Freeman, 1993)

R appears that local producticn is rap:diy reaching and even

. capaclty

exceeding internatlonal best practise.
6 6. 4 Elec'l:rlcity Bemaﬂd Characterishcs
Eleotrlcal Energy
. .Flgure 6.8 of GWh gmwth from 1980 1994 shows the energy demand
~pattern of a progressively upgraded piant operating at capacity. -
A furthep~farge "step function” growth for Increased production
ver the life of the plant will occur with the start of
“the modified Alusaf Bays!de and new Hillslde plants, .
Electriclty Maximum Demand |
- Unfortunately detalled data has not been presentad whlch would -

" _exhiblt the continueus operation of the plant Which ls essentlal to
maln’caih thermal charactar‘istlcs of tha metal _ »
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s a 5 Estima‘l:ed Capacity of Major Plant

'.A!us:af Is the dominant plant for primary. productlon and currentiy_

comprises ‘two pot lines at the Bayslde Smelter, sach of 100 MW.

- _capaci"i:y' The anclllary p!ant capacity & estimated at 50 MW, @ -

: New capacity at the Hllls[de piant wiH ba BOGMW (Engineer‘ing Newa; e

" 23 June 1995, 7.

"_-6 6.6 Patential Futur-e Techm:lngy

' 'Elec‘cricai efﬂciency has been a drlvlng for’ce in technology _

- development. More efficlent smelters have reached 14,8 kWh/kg. and

. are ;:orkfng towa.rd 13kwh kg (Granv!!!e, Stanko and Freeman, L
1898). _ Ll L

- Inter*natfonaliy deve!opers sur:h as Pechlney and. Alooa have besh
‘working oh refinements. ~ It was wldély. reported in company.

' press-reledses that SA has committéd to the technology. from the. . IR

world leading French company, Alumlnium Pechiney, for the' :
. production of 466 000 tons at ths Hlllslde extension for Alusaf _
_ (Bmdge, 1995) _ . A

L P!asma technalogy has been tested on atuminlum scrap recyc!lng
- using nitrogen as the plasma gas, achlevfng throughput of ‘some
. 200 - Esﬂkg per hour (Ga.rz.'iaaz} _

8.7 OTHER NON FERROUS MINERALS PROCESSING

- 'Under this heading, tltanium extractlon from beach sands, .which Is :
" ourrently produced In titanlum slag form, manganese matal and U
magneslum metal deserve spec1al mention. o ST

RN S B Tltan[um S!ag
"currem SA Situation

Richards Bay Minerais raached a production’ Ievel cf appr-oxlmately
' 800 000 tons of titanium slag per annum primarity for export by
1892. Thé heach sands in the St Lucia coastal area of Natal have
“heen mined [n a stripping operation. The beach sands comprise
up to 65% of heavy metals which contaln titanium dioxide {T10z) but -
“much is bonded with ferric oxide. ln llmenlte form. r The ;utile

o _'oontalns as much as 95% TIOz

" Timenlte is: upgraded by electr‘othermal process; rernovmg the iron

- as plg lron, A _sulphate or a chloride process can bs used on

slag that contalns 86-95% Ti0z ( The suiphuric acid sffluent In

the sulphate process. has lead to the USA not building such plants

- since 1870.) - The chloride process requlr‘es higher gr‘ade rutile -
- ores such as, found in SA. (EPRI, 1985a) . ’ _

" The !Imenlte concentra+a Is reduced ln submarged ‘arc eiactrlc .
- furhaces to form titanium slag contalning 86 to 85% T102 Tltanium o
d!oxlde pigment can be pmduced from the slag. . . C




B NON - MEaALL‘i‘C MINERALS PROCESSING SECTOR
7j_7”1 B GLASS o
ST Generai e | S
3. The glass—making i"dUSTY‘Y IS fairly ehergy ln'tens[ve, With spectﬂc- _
 energy consumption of 12,2 GJ/ton (Sater, 1980). By comparlson,' -
-.__stael regulres 2t GJ/’: and ferro—c:ht‘omium et

" The maln types of glass - products made in SA are containers, ﬂat
_glass and safety glass Sczme spectall'ty pr‘cducts are mada :

" The cost of enerdy in production Is in the range 10 — 20 3 % of the
-Input cost, hence there Is reason for care in the cholcs of energy. -

3 .'-_ih."1.9.9_'5",'_-PF"G Buildlhg ‘Glass l'ndi.caté'd thaf ‘& R500- millon glass float

. manufacturing line was stiil under . consideration to “upgrads its
| ‘competitlve - position. Provision was balng made for Installation of - -

an electric melting process to increase output by -5 000 ton per

. year, ‘as well as to reduce atmospheric pollution (Engineeting News .
16 June: 1995, p6). In 1998, large new glass developments have been .

.‘announced by Consol, a producer .of container . giass in South =

_Africa, in which- R150 milljon. will - be spent on new . furnaces and

mcreased automatton (Englneering News, 8 September 1996, p6) .

. The following process for gtass mak[ng has been summarised from

o “the raport by EPRI (1982). _

\Raw materials are batch mlxed ln dry or. nearly dry form,
o .comprising : o
. g!ass sand for‘ the S0z whlch ls previ:ous]y__ crus-hed,-- wﬁshed and -
screened ' _ S B
-soda ash {NaCQz),
limestone for CagQ;
 feldspar (ReDAI20268i0z) . ' :
and. other elemen‘ts for' XD oolourlng, oxidlslng

Melting: takes place at temperatures of + 27000 F (+ 1500°G) This
temperature  ls a compromise among the heed to ramave seeds of
~éntralned air and inclusions, to reach a sufﬂclently viscous s'ta.te, -
_ 'and ta cap the oost of anergy. : _

Gullet or r'ec“c[ed galass, can be added to ‘this process as a means'
of - r'educmg energy needs, as it alds (n  the chemical process of -

converting  CaCOs to CaD..  As high as 80 % cullet ‘can be used, |

" although 40 % Is more usuai - llmited by the avallable recyclable
supply of glass . _ o

:'Melting Is the most energy lntenslve stage, taktng 70 to 80 % of
" total energy. Furnaces.|n SA typically use synthesls gas, pmducar-
‘gas, or Nauid fuels. : o

There are also some afl-electric furnaces fn use.



(Granvll!e and stanko, 1992, Granviiia and Freeman, 1991).

'-_.'6 7 3 Magnesium Metal

_"'A view has been expressed tha,t future prospects axist fcn-* S
. production In SA of magnesium metal at a level of 10 ktons/year- by
_the turn of the cgury. - This would require 8 MWh/ton of metal,

viz. 90 GWh, at an esdmated 13 MW, using plasma arc’ tachnology

. \'.. . )
P DL
"’-,WJ._
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B NON - MEaALL‘i‘C MINERALS PROCESSING SECTOR
7j_7”1 B GLASS o
ST Generai e | S
3. The glass—making i"dUSTY‘Y IS fairly ehergy ln'tens[ve, With spectﬂc- _
* energy consumpiion of 12,2 GJ/ton (Sater, 1980). By comparlson,' :
-.__stael regulres 2t GJ/’: and ferro—c:ht‘omium et

" The maln types of glass - products made in SA are containers, ﬂat
_glass and safety glass Sczme spectall'ty pr‘cducts are mada :

" The cost of enerdy in production Is in the range 10 — 20 3 % of the
-Input cost, hence there Is reason for care in the cholcs of energy. -

3 .'-_ih."1.9.9_'5",'_-PF"G Buildlhg ‘Glass l'ndi.caté'd thaf ‘& R500- millon glass float

. manufacturing line was stiil under . consideration to “upgrads its
| ‘competitlve - position. Provision was balng made for Installation of - -

_an electric melting process to increase output by -5 000 ton per -
- year, -as well as to reduce atmospheric poliution (Engineerlng News

15 June: 1995, pé). In 1996 farge new glass developments have been .

.‘announced by Consol, a producer .of container . giass in South =

_Africa, in which R150 milllon: will" be spent on new furnaces and o

mcreased automatton (Englneering News, 8 September 1996, p6) .

. The following process for gtass mak[ng has been summarised fr'om

o “the raport by EPRI (1982). _

\Raw materials are batch mlxed ln dry or. nearly dry form,
o .comprising : o
. g!ass sand for‘ the S0z whlch ls previ:ous]y__ crus-hed,-- wﬁshed and -
screened ' _ S B
-soda ash {NaCQz),
limestone for CagQ;
 feldspar (ReDAI20268i0z) . ' :
and. other elemen‘ts for' XD oolourlng, oxidlslng

Melting: takes place at temperatures of + 27000 F (+ 1500°G) This
temperature  ls a compromise among the heed to ramave seeds of
~éntralned air and inclusions, to reach a sufﬂclently viscous s'ta.te, -
_ 'and ta cap the oost of anergy. : _

Gullet or r'ec“c[ed galass, can be added to ‘this process as a means'
of - r'educmg energy needs, as it alds (n  the chemical process of -

converting  CaCOs to CaD..  As high as 80 % cullet ‘can be used, |

" although 40 % Is more usuai - llmited by the avallable recyclable
supply of glass . _ o

:'Melting Is the most energy lntenslve stage, taktng 70 to 80 % of
" total energy. Furnaces.|n SA typically use synthesls gas, pmducar-
‘gas, or Nauid fuels. : o

There are also some afl-electric furnaces fn use.
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: -__-SOme use. Is alsa - made of eiectncaiiy—boostad furnacés. - In the-_"'ﬂ_"_ G
latter, electrodes n the bottom or the wall of the furnace produce .-

- strong - canvection currents, increasing autput by up. to 40 %. The :

o homogenetty of the meit s also ampmved

Non~e!ectr’ic furnaces in use' In SA -are endmpor't re\ferbaratwe,__r-' e

cross—flred ragenerati\/e, and recuparative furnaces (Sater,‘isslz)

: ;._The regenerative furnace " designed by sir wmiam Siemens in 1856 o

" was @ breakthrough In aiiowlng continuous melting operations wnth

.. a high thermal- efficlency. - - Interestingly, ' the process requires -
- the. melt to-be stirred from: the _bottom using [ner’c gases; as the . .
heat " Is appiled from the. top. “The "upslde down " natura of the -~
process stimulated the search for a more effective method of glass
7 melting  to meet the higher quality needs of Specialised conta[ner_ L
'-j'_--.manufactura R _ SO e

. The - efectnc: furnace satisfies many of these needs | I't 'was

‘demonstrated - as long ago as 1880, by direct. discharge of electric

o .gurrent through  glass, —and Tr‘selting dt in - the- Drocass The
. electrically boosted furnzice is a compromise betwesn the - = o
:--conventmnal and the electric jEur'nace. (EPRI, 1982)

"-Mciten glass Is cooled %o ‘23500F. - The fming step uaas'f-""

" “approximately 10 % of the energy, and - homogenises the- melt_

: ?';;It ls then distributed to the forming stage of the process.

3 *Formmg of the vlscous g!ass at 'i:emperature of 1500 to 2000°F s
- done by moulding, pressing, rolling, blowlg as nseded. Fining and -

'-annealing stages foliow, in which gas. is r;fttm used

.Pr‘ogr-essive!y the fining process has been c:omerted to aiectricity, e

- using  electrodes In the forehearth of the furhace. - ~ Annealing in

. electric klins/turinels/lehrs s also more commonly used than -

*praviously for- qual[ty and controilab[lity Temperaturas are
+ BODPF. : ' o

Pmduct speciflc var'iations occur' tc: cater for fiat glass vs say,
container-s or fibre: glass _ . e

T 1 3 Specific Elactricity Consumptnon for' saleable Product -__' o

" The summary of specific electricity consumption in Table 7.1 was
derived = from Sater (1990}, and partial[y updated by Granvilla

- (1998),

. _'-Because of the small number of producers of QPrtain ca‘tegories of._ o

glass products In  South ~Africa, and their confidentlality
_ requirements, further disaggrega‘tion of Tabie 71 {s not possible,

Energy per unit of productlon has decilnad fmm 18.10. GJ/t in 1970 o
Cto 118 G/t -in 1880, The relative “contribution of electricity has

increased . over this ‘period. Electricity  represented 25% of net - -

energy -use in’ 1990, oornpared w:th just 16% in 1984 and 13.5% In -
1970 (Granville, 1992a) : o L :



Table 7.1 Glass Pr‘oductlon Specific  Energy and .'Ei.ectrlé':ityi' -
N Consurnption (1990) L

--Pnonucr'--» % |ktons | GJ/t :-_’Ti*ﬂh_f"ei-ihft

| Non-flat - var‘toUS _ T5 574 | 11,0 5137".- 0,88
“Flat glass =~ | 16 | 120 | 14.4. | 43 | 0.38
Other glassware Lo 89y t20 | 7 [(1.25
_Safety & fwbre gIass B Eit U SRt (O & 7R B S £ I O

_TOTAL |10 ] 163 | 1%.8'| 636 | 0.88

The USA gtass Industry  (EPRI, 1982) produced 15 miilion tons of

" container glass, which was 70% of the total; flat glass 15%; pressed -
-and blown ware 12%; and fibres 3%. Melting takes 65 to 75% of total .

- snergy  and furhaces of the order .of 75 to 480 tons per day were

A use. Trends have been to ‘smaller plants of & 180 tonsg per day .

. for . oontamer glass, located near the user of the conta_.iners In

e '.or'der to reuuce transport and other- dl*tribu‘rmn costs.

" The . change in. specific energy . and electriclty consumeticn Is.

_influenced by the technologies In ‘use and their efflclency as well
.&s the product mix being produced. Fram the avallable information

- ~presented above, it appears ilkely thai there has been a shift .~
- toward - the lower. energy Intensive productlon’ ltems; as well as .

_-efficiency cf productlon !n South Afr!ca. :
7 1 .4 Electrlclty Demand Characterl

Flgur*e 7.1 -shows the electrlcal demand -of a typical giass

- manufasturer with electrode furnaces. The loading and reloading
. cycles - influence the patiern of consumptlon, whlch is kept high to -

maintaln efﬂclency and throughput _ _
7.1.5 Potential for' Future Electrotecnnology Impacts

The key technologies: of I_nterest are. the_all*electrlc furnace, the
" electrically boosted furnaca , and. associated process control -
equipment. Their Introduction has been linked to a commltment
ta - higher quallty product and productlvity improvements. Some
Infiuence from environmental considerations may have ah effect; 25
the electric furnace allows better energy efficlency, reduced

waste material, and oontrol of waste gases, (EPRI 1982) '

The size of batch needed for manufacturmg has affected the use of
the = electric furnace, as the size has been limited to + 100 tons/
day. As the market moves to -smaller, more flexible prcduct!on

plants, and posslbly the use of glass ribbon for later reprocessing

and - lamination Into  contalners stc,, slze Is not a limiting factor. .
The latter, coupled with the abllity of electri¢ melting to provide
" higher temperature melting would transform the Industry Into a far -
more electricity intenslve industry., It would be llmited malnly by
the comparative costs: ..} ehergy forms, . especially natural gas vs
eiectriaity. (E“RI, 1982y - AR S
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The strength -of_'témi'hated - glass could __leaa_ f0 a réduction of the -
mass  of glass . used ln & container.However such. processes as -
‘diglectric heating of the product may then also be required,

increasing the electricity intenslty of productlon: Laser treatment L

- for specialised contalhers during crlticai par‘ts of the strengthaning
stage also offers beneflts.-_. L . _

&peciality container glass, fat glass for automotlve appiica'tlons, |
- where lamlnated and spéclally formed glass Is Ingreasingly used for
'_aemdynam!c enhancements, and fibre glass manufacturing ars thus

o _'fj'.likeiy areas of Increased electrotechnology applications. -

Hat recOVery for e.g. co-geheration, to use the waste heat of the ;_'

melting process may. become attractive, If envimnmental Impac‘r '
Jconsideratlons are seriously enforc:ad._ ' : _
"'?-.23-_- '_-_f-__cem_sm -

'_'.7--2 1. - Generéi-

SA has a substantlal cement lndustry, huilt up over the. early e

‘developrient years of the country and reaching a peak in the early -~ =
___1980’5,_ - In 18890 oniy 83% of capacity was in use and major plant . .
Tn mothballs, as the infrastructure growth postn1985 did not.. o -

__,materlaltsa. With 1mproved outlook . In South Afrlcan. infrastructural
- growth, mothballed plant. 18 balng restorsd to sgr’vice and addltionaj
| capactty is be[ng planned (Creamer Ts 199513) N _

Most - of the electricity consumptlon s ln matarta!s hand!ing,._
crushtng, and mliling. S _ ' _

7.2 2 o Ba.slc Processes

Subsequent o the mining " process, llmestone Ié crh'she'd' finely

ground and blended with additlves. This blend Is heated ina klin o

_to T 150000 The fuslon reaction’ produces clinkar cement.-

Twe ‘types of procass are used.— the "Wet" kiln is fed with a_": L

slurry  of water and ground material, and the water is evaporeted;
the "dry" Kiln has no water added to the process, This s an
- ehergy Intensive process, requiring between 3 500 and 5 000 MJ
- per foh. In addition the electric powsar required to drive the Kiln
-ls BQ to 80 kWh par ton. This 18 primarily. used for drrars, dust -
contirol equkpment and large suction fans. : '

wet pr‘ocessas ara no Ionger used tn South Afrlca, as watar supply- |

Himitations exlst ivi many of the locatlons at which. cement plants are
{ocated. The éhergy cost in evaporation In the "wet" process te*
also a large Input cost, ln a very cost-consclous industry,

~ The .f[nal-_stage s grinding the ~olinker and blending |t with .

gypsum to produce Portland cement. ~This may also include
biending in of fly ash or slagment, for specific. applications,- -
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o 2 4 Eteatriclty lgemarad characteristlcs L

ol

_? 2 3 Speclﬁc Electrmity Gensump‘tion

The ranga of speclﬂc alactricity ccmsumptlon per unit o‘F pr'odUC’cion

18 showh in- Table ? 2 (* Average arohori excludlng wet proc&ss)

Table 7 2 Speclﬁc Etectr‘icity cOnsumption in cement Pmduction :

| 'ﬁ'.;‘:__ﬁoges_s:j_ o Ener'gy Mg/t E'Iec'tr'm'lty% kwm{t_ R
arinding © | T72-90 TOU % {20-25
| Fusien ® - | 2500 - 5000 | - -
'} Evaporation R370. . ) = ] =
. K100 operation ). 100 - 216 - 100 _x oo st <ed 1
' _-'_-canar gr1nd1ng 126.- 180 | -q00% . |85 -B0 [ o,
.-_'TGT’“- o .4¢ﬁ0. *.-5-000' N T Y A

Ehactr‘fcal energy fcr' major gement pr‘cducar's ta shown In Flg*ﬁre L
7.2,  Due 1o:-the nsture of fragmented data sources, the lack ofa -
- statutory - reporting mechanlsm, and because most of the smaller -
- tement producers are served-by munlclpatitias which do not collate -~
T, this type. af - Information complete data . [& not  avallable (Cooper,
- 4993). - The flgure shown - Is that of  diredé ESKOM customers only.
- The* flgure shows the varying  use of Capaclty In ‘the countr‘y in a
cyclic faahicn typlcal 0f commodity rnarkets - e

; -"7 2. 5 Potential for- Futura Elactrotechnolagy Impmmments

o Unlesa some cést effecrfve electrioal process fm- the fuslon heating .

-of . the limestone . mix Is. established, no pmfound change in the -
- electricity intehslty of the process is likely, Should this oceur, .
- the dﬁmand for elec‘tricai energy would change substanttaﬂy. —

" Energy efﬂclency lmpmvements through CHP - {(comblned . heat and.
' power) has been reported as having petential. International best
practice has shown electricity  consumption as low as 70 RWh/ton, -

ranglng up to a high - of 104 kWh/ton, f.6. wlth no shift toward a

_mora electriclty Intenslve process In view (Sater, 1992), Thus the =

slectricity consumptlon In this sector in lkely to follow capacity of
production - and future new capacity for resumed growth for the

' ~econamy In South Africa. Some potentlal exlsts for sxport growth. .

7.3 CERAMICS
T8 ."'Genefal

" ”_ZThIQ( sec‘tion covers pcn‘:tary, --dh'ina,"_ear‘thenware : a_nd_'spécial-'--

caramics,

-'Products in. ’chls lndust'ry ha've been grouped into Ceramic tl!eé,
. ‘Sanltaryware, Industrial ceramic products, Ornamem:al pattery,
-_chlna and tahleware and Other unspeciflad,_ e o
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. "'.'-Energy rapresehts some 15 to 23% of operatlng c:ost in the cer‘amzca" o
_industry and is therefore an important input cogt as well as balng
._cmsely couplad to product process and quallty concerns (sater, .
1992) O _ _ . . .

-7”-“8 2 . Basir.: Processes and Technoiogies

_- The common processes used are f!r!ng and glazlng, l-n--t'he
temperature range. of 1000 . to 1500°C.. - “The  usual ‘material: -
. handiing requlrements exist reguiring motors, and a!r quality
: oontml hence heeding extract!on fans etc I

Klln technology development has jed 1o tha use af coal, all and_
gas-fired tunne) kilns - in SA, and also - some electric "top hat ”

* kiing, espacially in the. manufacture of. por‘ce]alns. These Iatter k{lns:_..-.___

Use electrlc elemeht heatars, -

- The oycle time far & typical gas fualled klm is 13 hours, and for
So.an alectric kiln, 24 -hours. However newer fast-firing electrical’

. top-haty Kithe have reduced this time by as much as two thirds
s '(Thermopower Furnaces 8.A. Lid, "TEMPO“ technical brochure)

7.3, 3 . Speciﬂc Elec'l:r‘ic]ty ‘cansumption : S

" The table of sector speclfio consumption was: deveioped from the
_report by Sater (1992), and s shown as Tah'!e 7.3. _ :

| Table 7.3 . Specific consumpﬂon of the ceramics Sector

- PRoDuc._f ——— N 'k_T-DNS m_-' T _Mwh,(t o
| Ceramic tiles 148 | 60 | 0.4
- Sanitary Ware {27 - 31| 12
Industrial ceramics {40 . | 42 | 1.1~
Ornamental pottery ‘2 6] 2.5
China and tableware | 16 | 56 | 3,5 |
- Other ~ unspec1f1ed'_ 82 118 1 0.3
'-‘.TDTAL | =ss | 208 | 07

Th!s is-a vary 'campe_tltiw. industry. Importation of many of thess
. products I8 eroding - local manufacturers markets, Introduction of .
better quallty , riche market pmducts, rnay change the energy and
L electr!city profile, .

7 3. tL - Elec‘tmclty Consumption CharacterIStlcs

--Figura 7.3 shows the load profile of & large integra*tad caramics}_
: produ ser with s]gnlﬂcant numbers and slzes of iop~hat kilns

_\ Tha._ heatlng _ _an_r;s_-pmcass cycles are r‘alatWely iong, :and oc;f:u_'r _
relatively .at random Intervals,” hence leading to no specific peaks .-

during the time of normal national system peaks. By planhing, -

. cansumption at off~peak perlods at night and at weekends could be :
-'arr'anged for the best cost of elactrlcity on ESKOM’s Tar‘lff E. -
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Figum ‘! 3 Load Profile of Large Integrated Ceramit:s Producer
S0 with significant. Nurnbers and’ Si'zes of Top Hat Kilns
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 7.a.8 Potentlal for Future Erectrotechnology Impa-'*t
 The electr'ical kiln has been the key technology. Increased use of ;
. electnoa! kiins for' ceramlcs appears posslble o _

The performanoo oharaotertstics of the. kllns hava besn primariiy _
~ aimed at reducing product cycling :or.turnaround time 1o .speed up -
- throughput and hence productivity of the irivestment.  Two thirds -

. reduction In such ‘turnground times . have . been achleVed with a
. combination:. of convection angd radiation firing. For a unit with an.

- 800kg capacity, = 100kW for 5 hours - has heen claimed by..
Thermopower - . Furhaces S, (Pty) Ltd, a  South .African

o manufacturer for thelr '“TEMPO" range. This represents an 1% °

redugiion on the sector average, and a 42 % reduction “on the ._
: speciflo oonsumptlon for industriai ceramucs (refar Table 7.3).

_:-'Some potential was suggested “for use of. eleotrio arc: furnacas, and' '
microwave - sintarlng for industrial ceramics (EPRI;1982). Industrial

| ceramics have not  grown to a large sector - in SA yet, advanced

 capablifties were established for the nuclear and armaments

~ Industries . which could develop Intod 1sading ‘edge manufacturing in

the - future. This area of materlals has -been widsly reported &s
‘belng - a future growth area world wide. Even wlth development,

 this may not become a very large electricity oonsumlng seotor, due - -

o to-low spociflc electricity oonsumptton levels.

7‘-._.4 - OTHER NoN - METALLIG MINERALS
74,1 General | PO |
_ Within this grouplng & range of non~metal!lo minerals and products o
. are found, such as [lme, cement, graphite products, gypsum plaster,
- asbestos cement ‘concrete pr‘oducts, and stone and slate proouots '
7.4, 2 Basio Pmcesses - o

lee _

calcinlng at temparatures of + 1300°C for l!me, but only 160000 for o

gypsum ara needed
 Graphite |
Carbonising at & 1200° In-gas kilns Is normal for graphlte, in a 10 -
to 15 day cycle; followed by graphetising at + 3ooooc using
electrlc kilns -on a 5 -7 day cycle S

| Gypsum and Cement |

L.ower temperatur'e opera’cions for drying and curing are in the

_range 140 to 180°C for gypsum and asbestos oarnent. e

| concreta Pro_duot_s | - |
" 'steam curing at + 559 |s used for concrete products,



o "smne and slate Products

- 1.4.8

'_"'_.Tabie 7.4 Sectcr Speciﬂc Consumption

. Industry,
-~ represent substantial

_ ELECTRIGITY RGY
‘PRORUCT. - % OF ENERGY : Gd/t_ - QF .COST - |
Lime b 4 10 B0 0.1 ]
. .y Graphite . . % 4 & ¥ o1 8,07 -
| eypsum - % ® o010
Asbestos | 52 | % % ] .0.48 |
| .Concreta . - . 17-43 - | . 0.8} 2=Y . | 0.04. | -

i Stona & S‘Iate 100 0.5 |- 5 0.14 |

_Sawmg and po!lshing are the rna%n pmcesses fcr stone and
- slate products. Eiectric motors- are used extenswely

Speciflc Eiectmcnty C‘onsumptlon

 To enable a comparison of the electriclty lnterasnty withln the sector'- S
Z to be: made, Tab!e 7.4 was derived from the report hy Sater (1992) T

af Other Non—Metamc . . |

Mmarals Sector R

VINERAL & | ENERGY | ENERGY % | MW/t |

Note
7. i. 4 Eiectrlclty Demand charactenstics [ |
Spec!ﬂc per sec\mr 1nformatioﬁ Is r‘egre‘ttably not avaliabie

However a typlcal graphite ‘producer has been’ included as Flgure-‘ '

. - 7.4 because of the electricity Intensity and sizs of the procgess, the.
.. high night time peaks,
.. pattern demonstrates the cyclic nature of the pmcess as kilhs are -

Ioaded and unloaded over thls period.

and the weskend high load level. The

" The use of Tariff E and the Time of Use Tarlffs lnﬂuehced this -
. at night and over weekends =

as off~peak perlods
savings 4n electriclty costs (Ssction 9).

Although demonstrating . a poor . load factor, the . timing of kl_ln

E opera‘tlons would not Impact the national- peak demand perlod

'?45

Potential for Future Electrotechnoiogy Impacts

Other . than for graph:te pmductian, electrical haatlng applications '
are  not well represented In this sector, whereas gag and ooal are

used ~extensively. Partial "drylng/curing by heat ' pump at low

temperatures Is fedsible, and some element heating could apply. -

In some cases, microwave or -8F drying might have some Impact,
especially for increa_sed efflciency. of heating processses. The capltal -
Invalved  In these low electriclty Intensive ihdustries may not make

investment in RF of  microwave technology attractive in the short
term, especially at relatlveiy low altarnative energy prices. -

*not ava~nab1e for releass for cunﬁdenmmy reasons_::.[ Co
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CHARACTERISTIGS o

ELEGTROTEGHNGLOGIES

INTRODUGTION

'-_Tabla a 1 Electncity End- Use in the Selected Sector_s of Mining

in the nﬂning,

and Minerals (GWh) (1990) (Gaupsr‘: 199z)

'SEGTORS--

- HEAT

T

MECHAN

| -ToAL

GHEM

~ICAL

LIG'HT.

~ING

TRANS

-PORT:

NON

N |TOTAL
ENERGY|

 :cpé1fM1nin9f

fvstal ore |
o M'i i ng

'Go]d M1n1ng

" o4 amond

Mintng .

'oﬁherzﬁininsﬁf:ﬁ

46

]
féfﬁj

| 3207

f393

204

19 923

1-163f' '

—
——

53
231

“eerl

| a2 |

soo87f

- L

".'Min%ns'TOTAL
L S

4 278
12,6

27 785(

81,9]

51'011*
8| 4,2

133 gsaf

-Ferrous '
basic Meta1s_

;.NnnafererS '
.fbasic Metals

- 16“081'

seef

s 2511 1]

8652

-_T,365 .

23|

4 001]

“IMetats toTaL

[16 620
_54,4]

4 116]
21,1y 21,

588

. 30! :

o1

19 5ap|
i 10@{0..

'Pottery S

_VG1ass

© lothermon- [ |
238

metallic
Ciminerals

438
268

110
148!

2. .7.03 |

a8l

gl

57 |

3 od2) -

' Non—ime'téi_ ]_. m
TOTAL

.%'.

4]

16,8

7,8

2 962

| 53 .

1,5

100,0

- sectors TOTAL

15_:_ '554.1'
27,2

34 813

| a8

157 217
100,0

: 80 §

. APPLIED - .

-"For convenience of the disct.lssuon to foilow on the rmportaht Lo
applled end-use eiectrotechnologies, Table 8.1 has been constructed -

© from selectsd extracis of  Table 2.1 to highlight the proportlon of

- sach major end-use of electrlclty

. _r_netais and .
: ncn-metallic mlnerals sectors

- |24 028
1392 o

Clisssef

314
463l

3819]
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Tabie 8 2 Electricity End-usa in the Selected Seciaars of Minlng e

and Mirier‘als (Gsﬂh) (1991) {Gaupan ey

| segrors -

:MEcHAN‘
| ~ICAL

cHEMﬁ
~ICALY.

tieur

-10G

TRANS

-PoRT |

NﬁN;"'TﬁTALJ;:'f;if]"";j,

ENERGY| - -

'---?Méﬁai”éré'
M'ln'!ﬂg

- Go1d Mining

Sl Diamond
' ;-Mining

1 Othar M‘lning.___- o

,j:ﬁ:¢41;

-:._:. 49

2;555

g ::1 46'

199

43|
18 828}
o)

1 241]

.2 038 7

asg)

181

:uﬁdd;

1 4T:;§

—

boer) - 1

783]

.; }:;2f381 f;;:  ff;°

; ;;  §2j7I§j':f;f{:“{jff

R ) B

- IMining TOTAL
| B B

4 591
1U B

2?f036.f~

- 81.0

361
111

1010
3.0

azal
2.5 1

1.7 100.0f =

B

e ::=Naﬁ-ferroua
o bas'[c Metals. 3

B reve——
. jbasic Metals |

=?.394 _f

1 3218

2 560}

82}

r81]

108, :

"_'iéi"“4 0§8 5_;:-ivj;h;”'

'*Tfj.Mata1s TOTAL,

ib'&iq

- 6:480

3 122}
18,2

. geal

1320 668

orses

Arotery

"--?'IOther npn-
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imetallic

] 504

78]

_'1'18.:_:3" .

2 488]

280}

.:.f 13

87

172

I Y
RER

as] sl

&

Nonwmataiiic
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197

20,0}

2 849

715}

- Sactbrs'TOTﬁE
T x| s
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a8 34413 0
62.6} .5
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-Table 8.3 Eiectr'icity Emi -Use In the Se!ected Sactors teaf Minlng
D and Mineral;p {Gwh) (19933 (cmr, 1995) . _

S BN
|

o "],i“”HEAT.'MEcHAN cHEM;,LIaHT TRANS Nou.;;rTﬂrﬁL""
secrons | | ~ICAL}~TCAL| ~ING|-PORT|ENERGY| =

**?c?coa1 M1n1ng | 22s] 23] -] taa] 2e] - 2408

' fMaﬂom _**@i49m-571iﬁ9fﬁ&1%':ﬁﬁmn~”

 .;3,;91am°nd j . U_s:*-f:- SN N TS I AR
o Mming % c o TA} 1 288 3 "104_._: RN “' 11 _473 ST

" |lother Mintng]]

-'_Gc1d M1n1n9 2f332_1875439]'ﬁ'__'fsﬁg'_'s;s BT T B

””-uf_imining.TaTAL.= 2 024]26 86| . 74|t 334|1 471';?%*’ a2 7e4g'f_;' }'-”"
jMining TOTAL .

Sk . 9,2 - 82.0 'oiz;; 41} 46 ) - [100.0
e el R ! o
[;rfFarrcus"__-u 11 007] 4 243}1 403] 617 | 3] - |17 273]

Jbasic Metals

% | 67.6 | 21.8] T.2f 8.3] - |-~ -[100.0 |

fatass . . | ase] 813 - | 7wl - | - | eds}
- lpottery & - z ] | |
. |otner nen- -

metallic.
iminerals.

305 2 474| 43} 1ma) 1] 7sonz)

R I

Non-metalite | |} v b o] K

TotaL| 78] 2 787| aa| est| i . 7l s oess|
%1107 | 123} 1] &7] - | - ';1pg.c.-=
Sectors TQTAL:1f:111 34 1351 606|2 2771 475| 18|57 221}

A oomparlscm of the key sector totals for 1990, 1991 and 1993 fmm
Tahle381 82 and. Bsis shown in Tablas4, e T

 Ivonererrous | 2 e18) 245 s ss] - | e mazsl o

Metats TotAL |13 928] 4 488t 4se] ese] 3} - 100 so2f - .o
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Tab‘e 8.4 ‘zofﬂp%"lson of Electriclty End-l.lse 1990, 1991 and 1993 po
T (GWh | N

£ [ heat |mecHan{cHEM [vL1ewT[TRANs[woN  [toTaL |
SECTOR [ | ~TCAL|-ICAL| ~ING|-PORTENERGY |

- iMining TOTAL | 4 278(27 7as{ 282[1 or1| 50| = sa2(33 sss|
CPeso” x| vz 9 0,8 3,2 0,4] 1,0[ 100,0]

*|Wining ToTAL | 3 591 27 036 361]1010] s24| 56038 s81|
{199t "W | 10.8) sl A1) 3.0) 2.5] 1.7) do0.0f

B M1n1ng TOTAL  3 024 o6 880] - 74[1 334|3471| -~ [32 784| .

METALS ;'

”;Mana1s TOTAL"_10162n 4 116]4 200] s8] o | 1& 19ﬁsﬁq B

Coltem x| os4,4f 2, 1] 21,8] 3,0/ o e fooe) .

4

-~ |Metats ToTaL {10 610| &asol2 722| sea] - | 13|20 sl
freer x| sh.3) s1.8) 13.2] 2] - | = do00p

. 3.:Metals TOTAL |13 o26| 4 488]1 489] ess| 8| 1020 eoa|

Cewweanxe | T Ty

' '-lon-meta“llic" R S L. R
i TOTAL - 642] 2. 962} 1| 185( 1 | s8] 3 819] -
1980 % | 1e,8 77,80 ~| 4,1} - | 1,5 100,0

—_
—
o
&o
—

: =Ndn-mata1’Hc | R T Y N
-._1991 - TOTAL 797} 2 848| - 1| -272] -~ | . G6B{ 3 9086

"'-Nnnwmeta11fc BN IS TR T N S R
o ‘totaL{  tetl 2 7e7|. 48| 257 1| 7| @ ssB
rees m 19.7] 72.3] 1.} &7 -] - | 100.0

' secToas TOTAL '

 [sectors TOTAL 15 54134 8iul4 48a]1 s1a| 151| 41857 217
f1es0 - x| 27,2| e0.8] 7,8] 3,2 0,3 - 0,7] 100,0f

 [Soctors TOTAL|14 998]36 3443 0842 144] 624| 64158 035]
l1981 = | e5.8| ea.6| 5.3| 4.7 1.4] 1.1| 100.0]
1 Bl P NS WL N I |
“|sectors TOTAL|17 711184 135]1 s0e{2 277{1 475
Cltess | atio] eo.ol 2.5] 4.0] 2.6

- 1 180.0

=

- Comparing the tables for the period 1890 to 1983, the relationships .

- of end~use for electriclty do not £°. : malor dffferences relative to -
. the accuracy of the data collectiérr. The use of the 1990 data for
 comparison with EPRI data In this report should be reasonable. -

iee8 % 67.8| -21.8) 7.2} &3] - | - __.{00.0%': ”

4ls7 221
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a2 MAJOF! MOTOR SYSTEMS

It was. shown In Table 2,1 that the predomlnant uge of electrlcity

across the majority of end-usé- sectors, namely -A7%, has been in -

- anergy conversion Into mechanical energy thr*ough the use of
-__elactric motors S o

For the sactors covered in this report, the mechanicai end«use was
 60,8%, as shown- -In Table 8.4, and. Is as high as 81,9%  Tor the
mining sector. - This compares closely with the American flgures
- -_.--quoted in the EPRI report (1985a) of 70% In the industrial sector in
1986, which was an-lncreass on the 67% achleved In 1980, - In the -
EPRI raport particular mention was made of the use of motors for
. thres broad -categories namely pumps, oconveyors, fans and
 compressors, . the broad spectrum of crushing, grinding, stamping,
- trimming, mixing, cutting, and miiling operations, and the transport

and handiing of materials.. : _ _ _

The mining sector In the USA has aot been as large as the mining )
- “gegtor  .In- South  Africa, representing only 7_% of Industrial _
electrlcl'ty consumptlon In 1986-(EPRIL,1985a). ' =

Partift , ‘g of Infer'natlon tothe level avallabls in the EPRI (1985&) =

- report 3 not  yet-. begn -achieved In South Africa, - Thelr..
- assessment was-that [n. 1985, 41% of electricity for motor r:irives was -
“ysed. for pumps, fans and compressors for - traditional air

- condltioning, - and fluld processing purposes_ as  well as the newer

- mgmbrane separation techmiologies. - Some 32% of elsctriclty for

motar drives was - uged for materials processing like crushing,

" grinding, and cutting of materials, The balance of 27% was used
for rnateriais handling by cranes, conveyors, ala-vatt:rs' and robotlcs. _

 The lar-gest growth In rnotor drive electrlcity consumptlon in the -

USA batween 1980 and 1886 pocurred in the categories for pumps, =~

fans, compressors and in matgrials handllng.- The smallest growth |

aeaurred  In materials - processing, namely. crushing, grinding and:

= . cuﬂ:lng of materlals, -Total electriclty usad for motors was 483 TWh

i 1980 am. SOGTWh in 1988, |
Of par’clcular note In the study by EPRYL (1985&) was the rapld

penstration of electronic a.c. adjustsble speed drive technology
whigh hearly tripled over the period from 4% to {1% of total

slectrictty  used In - motor drives., The = beneflts of Improved
controllablilty and ensrgy efficlency Improvements were believed to

be the driving forces for the rapld rate of growth, as the -
electricity efficlency figures guoted by EPRI wera [_arg‘e, hamely

5TWh In 1980 and 15TwWh In 1985.

'This implled an efﬂclency lmpmVement of 1% and 2.9% in th’bsé
‘yaars respsctively through the uss of electronic. a.c. adjustable

speed  drive control. “In. a perled of Intense efﬂprts to curb

‘enargy consumption in: the USA this was very Important, and would
- have - been part of the national Incentive to reduce slectrichty =
- demand In-an era when much of the power gengration was oil fired,
The benefits of these dovelopments ™ have spraad throughout the

'wcrld, and thls tr‘end should rnanlfest Itsalf In South Afr‘ica as well

T
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. The: t_echno!dgy-'un-dé'rlylﬁg the dic, and the a.c. motor are mature -
~and well developed over more +Yhan a hundred years. ' Much

refinement in design and construction  has snhanced performance

- through ~“materials techno!ogy for rotérs, stators, Insulation, and .

through coallng systems. - South African appllcatiohs technology -

~and competence in this field has been recognised world wlde

The intense Importance of- Vary large motor dr‘ives ﬁor' app[lcat!on
in‘minihg Yor ventilation, for materials holsting and milling has had-
major influence In South African development of skills In this fleld,

Within the gold minlng Thdustry ~ alone some 688 rotary mills are
used - 1to grind 110 million tons of ore par year. - The platinum

- mining  sector uses motors of a size such as those at the new
- Northam Mihe where the mills use multiple 4 375kW variable speed -

drive " a.c, machines, and the installed capacity of the 6 productlon

~wlnders at the two maln shafts Is 33 B00kW. (Englneeﬂng News, 26 |
- February 1893, p24). '

With" reasohable expet:tatioh of ecohcmic- gromh ahd"éxploitatlon of

- mineral resources and further henefigiation ~of those minerals in
Soyuth Afrlca, it appears reasonabls . fo expect that the share of _
electriclty consumed by motors - will continue to Ilncrease, and the; '

type of efflclency and productivity improvements experienced fn

""the USA: through electronlc drive control wiii increase

8.3 ' =LECTRIC ARC FURNACES o

An arc furnace s acyltndricat refractory. flned ?esse! with a
typlcal diameter to - helght ratic of 4 to 6. _ The major

~ components are thé shell with a hearth lired with basic refractories
. to hold the charge, water cooled walls and raof panels, an electrode
- holding and automatic posltiohing mechanism to hold the correct are -

Jength, a mechanism to- remove the roof for charging, and a
mechanlsm for titting the furnace for' tapping and deslagglng. :

The furna.ce electrical capacitles - range from 35MVA to 200MVA o |

‘gerve gapaclties of 50 to 300tons. - On~lpad tapchanging

transformers are usual in thé modern arc furnace, - although
off-load tap c¢hanging was typleal  in  the older verslons;
Current . carrying capacity  of e!actrudes s 30 to JOOKA and the
thrae eloctrodes c:ould range (n slze From 406 te 7i1mm in d!amater

Arc furnace regulators havs bean des!gned for compu’cer‘ controi
for best performance and productlvity. Over the. 20 vear perlod
1966 to 1988 signlficant Improvements were made to electric are

furnaces, hamely tap-to-tap times were more than haived from 180

minutes to. 70 minutes, electrode consumption was halved, electrical
ghargy  consumption was reduced by 25% from 830kWh/ton to
430kWh/ton  (EPRI, 1987a). Many of these [mprovements were
brought about by Iintroducing further slectrotechriclogies . to the
electric arc furnace system, In the form of electrically preheating

~scrap or the metal charge In the charging bucket, and ladie

furhaces. . The latter examples cou{d be element praheaters or
Inductlcn heatlng. ' . . _
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ik '-Tha performange of the electr’lc arc furnace and. its effects on. the

electricity supply. - system has been studled extensively due to

problams of "fllcker” and harmonlcs generated when the arc makes
© and’ breaks especially - during the early stage of charge melting.

- The Center for Materials Production (CGMP) In  the USA-which

_spedlalises th ~ such propesses partlcularly for steel making -
- established that modlfiad operating practlses in sorap handling and

electrode drive Into the charge could reduce the arc instabmty o :

- problems and hence the electrical Intérference (EPRI,1985b} _
- Design madlﬂca.tlons have also been faund to improve are stabiilty
‘through reducing reactance by increasing cross section of copper
' ocnnectlons, shortenlng conneo‘clons fr-om transformar to alectrodes -

A ‘Japanese design  was deve[oped “with inward sloping electrodes

giving . a variable reactance as the electrodes were driven Into the -

- melting charge, but these were reported to be difficult to control
- for correct aIectrode geometr-y (EPRI,1985) _

' An area of disadvantage in the uso of arc furnaces for steeimaking '
hag" - been the production of dust with sufficient. levels of cadmium,

- chromlum and leachable lead to be déclared a hazardous materlal by -
" the' UBA Environmental Protection Agency undsr the regulations of = -

the Resource  Conservation. and- -Recovery “Act, Extensive studlies
have -been  undertaken by the- CMP. 1o  assist  stealmakers and .
designers of electrlc are furnaces to minimise dust production, and_'

'-to managa dust dispnsal. (Granviiie, S‘canko and Freeman, 9"‘3)

‘The informatlon on electrlclty for haa,’c energy Durposes in- South“
‘Africa shown . in. Table 8.1 [s unfortunately not available divided

Inte  the different types of heatthg processes. Nevertheless It -

 ‘does show that 27% of the slectricity used In  the sectors of
" Interest. is for heat gnergy, which ts the second largest end-use
- appllcation,” The data Hhighlights the substantlal use of
alectricity for heating In gold minlhg; metal ore ml-n‘ing,_ ferrous

- basic metaly and glass procassing In the RSA. - I

'Llse of alectric arc furnaces In South Afrlca was. well establlshed
 with the advent of the ferro-metals.Industry - which has besh a
malor user of the ‘techhology. . Alded by extensive research by

Mintech, - South African producers became . the worlds lowest cost |

producers and largest exporters espetlally of ferro-chrome.
“This prevalled until the demise of the USSR which lead to massive
gxports of ferrometals at very “low prices in the sarly 1980's, and
" avenh resulted fn many of the South African furnaues belng shut

~ down far. extendad periads. o

The conventional three phase ac. submerged arc type for smeitlng_
‘of ores has been used |n the ferro-metals application in which an
. are {n the molten slag below & packed bed of ore, coke and fluxes
heats the bed and It wmelts down Into the slag.  For stable.
“operation at hlgh- ocurrents, the = three slactrodes require large
separation  and hence large furnace diametér. The cbonsequent low

pawer denslty leads to longer residence time for the ores than the

blast fumace methods that could he used ln some Cases.
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Me[tmg of metals has suc:cessfuliy usad ac. are furnaoas - In
“the  case of metal melting the furnhaces are typleally charged wlth
scrap metsl to provide the tonduction path betweeh the electrodes,
1 the a.c. systems, thres consumable graphlte slectrodes are used,

- and - the arclng path can  be from -an electrode o the metal and

from the metal to another electrode. . - Flux addltions control the
-glag chemistry to ensure the correct me'tal composition. = As was.

previouslv descrlbed, these Turnaces are used with sponge iron -

“from - & DRI . process or scrap-steel for- steel .and stainiess stesl -
making, and are also used 1n foundries. for' castlng (Gar‘z, 19920)

B.C. are furnace systerns haves the adVantage of ellmlnatlng flloker B
e hoh-unlform current distribution,: use smaller elecirodes, have
reduced electrode lgss with the slectrode used as the cathode, and

 allow better load balancing. - They have unfortunately been mors - S

expenslve than a.c. arc furnaces, and have limited power capacity
compared with the. a,c;. systems (EPRI,. 1985b) S

o The electrlc ‘are furnace has been in. use ln the USA since 1915,
primarily - in the steel lnd__ustr‘y for high alloy speciallty stesls, and
- singe - the mid-1970°¢ also for otarbon and low-alloy stesls and in

“foundries, According to the EPRI study (1986b) 40% of electricity

~for heating was used [n smelting, melting and holding operations N
for the manufacturing Industry, and tha balance for drying, curing -

~and -general heating, .~ However 89,5% - of electrigity . for heating .

- was used In the primary metals production sector for meltmg_.

The 1980 aqulvalent data were 47% and 99.5%. respeotlvaly

In this perlod thara was a decilne In totai eiectriclty used in

primary metals production, which declined from 40% of process heat
use of electricity In 1980 to only 33% (n 1985. This was strongly
mflLIenced-by'the.decilne'in:US._A steel making “from” 1977 to 1987 '

Total - electriclty for process heat  grsw from 50, 8TWh In 1980 ‘L‘O =
59,2TWh in 1985, l.e. 18%. -~ There was some growth in the stone, -
clay and alass products  sector which compensated for the decline
in metals production. = Overall, electricity for heating represented
‘?% of ‘tota1 slectricity lﬂ 1980 and ln 1985 it was 8% (EPRI 1985b)

oomparing tha South African data on electrlclty for heatlrig from
Table 8.1 with the USA data, admittediy for periods differlng by 8°
wears, the RSA figure of 27% Is very high relative to the 8% in ths
USA, confltming the large Impact of primary metals and mining
indu)stry oh RSA. elactrtclty oonsumptlon. (EPR_I 198-5i1. «ooper,
1891 ¥, . -

In the platlnum industry, a 15Mw electric arc furnace was lnstalled .

to - smelt flotation concentrate Rt 15 tons per. hour, to produce a L

mpper}nlcket rnatt (Engineerlng Naws, Februar‘y 26 rgaa)

In ’c_ha cppper‘ industry it was- recently reported_(EngIneering Newa,

17 September 1993) that a 4MVA, &0 ton “electric are furnace for
production - of blister copper guallty product from molten copper =~

flash furnace slag was being Installed at Olympic Dam, Australia.

&



Unfortunately - the  IEA ‘énergy data (IEA Statistics, 1994; IEA
Statlstics, 1985) on Australia, Brazll, Canada, Poland and the former
USSR, which ars countrles = with a substantlal mining and minsrais.
base do not categorise snergy by end-use, nor. even. by 8 separate
mining category, for oomparatlve pur'poses. o

8 "-4 o PLASMA ARG FURNACES

- ' Plasmas -are. produced by exposing a variaty of gases to a hlgh L

“intensity electric-arc.  Temperatures In excess of 5 500°C can be
achleved, which is well beyond the practical limits for fossil fuels.
The - very high temperature along with rapld heat transfer and

~controllabillty ~has resulted in plasma arc technology achleving a '_
" definlte place ag an efflcient and economical means for affscting.

- physical and chemical change In Industrlal. materials. Predictions of

. the EPRI study (1988) - in terms of the progresslon of plasma arc

from the smaller scale applications [n materials fabrication (weiding,

. ccutting  and surface hardehing) have already been fulfllied in the .

“use of very !arge sc‘a-l-s- plant for titanium dioxlde pmductlon

Trahsferred arc and non~transferred arc systems have -been = - -

- developsd. In a- tmnsfarred ar¢ system. the one ‘slactrode I8
formed by the conductlve. material .to. be heated, - In the
-hon-transferred. ar¢ the are forms between the two electrodes and -
 heated  gas is emitted. Thls fatter form is often referred to as a
plasma  torch. = A major  advantage 'in the plasma. arc Is the
- productlon of a continuous arc which can. be used. for contr‘olled
heatlng of hlgh Inter-slty tn a small area (Garz 1992b) _.

“In . an ex‘cenalve stu\:ly on the use of plasma arc for processes- _
beyond the metals Industry by EPRI (1985a) they focussed on the
vary high temperatures and gas used would be fres of products-of
combustlon - without having to use expensive high temperaturs heat

R exahangers c:onversion efﬂc[encies of up to 95% ware qucted.

Thers ‘s an Important dlstlnctfon to ha- made between the thermal

or hlgh pressure processes  used In metals and minerals melting,
and the low pressure or “cold plasma” systems used for example in
- etching of semiconductors, . The latter are high frequency, Iow
power devlces It the kitowatt range. '

Typlcal]y an .Ind-ustr‘l_ai plasma processing s’-ystem- contalns a d.c. ar
‘ah ac. power supply, a plasma gas dellvery aystem, & reactant fesd
‘system, a product collettion system, a coolant system and & controf-
system. ~ The fleld has besn highly specialised and there were

only 186 'rasearch_and Industr ial cr-ganlsations activaly testing and 5
mahufacturing plasma arc syatens |h 1985 (EPRI,1988). Amortgst
those quoted was Mintek . of South Africa. researching the field of
ferro-alloy = production. At the time tha research was done, the ,
leading torch producer was Westlnghouse with a.c and d.¢ plasma
torches up to 1OM‘N. _ _

Efectrical design of Importance In the plasma arc heater s to
stabilise the are and extend the life of the electrodes by mtating
the arg. . o L
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By magnetically stabllising - the arc with a  fleld coll around thé
anode which Is the cuter part of the "nozzle" of the torch, the arc

rotates at about 1000 Hz due to Lorenz forces on the orised gas. - - -

‘Electrodes for plasma torches are usually  water cooled and both

- copper alloy and - graphite have been used. In the case of the -
“transferred arc the single erodabie electtode has typleally been . .

 graphite for cases where graphite oontaminaticm ls not a problem,
or copper alloy where It ts a, problem. ' o

E South__ Africa has been a  viorld Iaader' tn'thé appl'llcaﬂoh of 'and"-_.. S

- research  Into plasma arc systems. - The EPRI study of 1988 into
Industrial = electrotechnologies concluded that there were no plasma -
- arc  systems [ Use In the USA In 1980 nor yet In 1985, but that. - -
~ these would be signlficant consumers of alactriclty (4 860 Twh) by, - - -
the year 2000 for steelmaking ocupola retrofits, for “electrld arc . -

" furnace dust process!ng, for- ferro alloy productlcm and for dtrect
_cr'e reducﬂon. . _ N

~among electrotechnologies. internationally. Uses fTor platinum
- recovery from autocatalysts (USA), melting alumlnlum sorap (USA),-

- .treatment of hazardous wastes (various), . heating molten metal - . .
© tundishes- and ladies (various), recovering  zine from-zing: wastes

(Italy); smefting ferro-chromium (RSA}Y” chromite ore {Swedsn),

- heating of blast- furnaces to replace coke In iron blast furnaces
_ -(France), 1o quo’ce only a few of the applications (Gar‘z, 1992’0)

e '_.-The wide rangs csf app!fcatlons In usa or undar' test hy 1992 (Garz, '
- .1992h) - Indlcated that plasma ars technology had found a place

Industrial Research (CBIR) to. provide plasma nitriding faciitiss. -

The plasma unlts avallable for advanced surface hardening were of

mkw and 1sokw capaﬁty (Sutton, 1993)

8.8 ELEGTRIGAL INDUCTION FURNAQES

'Ir_; induction maltlng an electr'ic curr‘ent Is induced ha metamc
- gonductor by coup!_ing tt - sultably - with a coll - oarrylng an
alﬁarnatlhg ﬂurrantﬁ The lnduced current heats the metal.

A - key featurs -ig that the pmcess takes [::lace1 n alr at ‘nortal
_atmospheric - prassur'e .. Yaguum induction melting Is also used.

* However " the area of = application ls reserved for speciailsed
“fnaterials - such as high purity reactive and refractory metals used . -
" in aerospace appllcations, _and productlon ¢, super allovs which are .

_'-nlckei and ooba[t-based

A coreless Induction furhacs ay used n eteelmaking operates on -

the. principle of a transformer  with the charge acting as a single

secondary turh which- s - heated when power l& applled - to the

“multiturn  prmary coil. Once the metal is mol'l:en, the aiectricai

L 'fieid ‘causes: st[rrtng rn the. metal.

. The fraquency uged can be malns frequency of 50 (or‘ 60) Hz,-_. :
: 'medlum frequency up to 1 kHz; and high frequency, above 1 KHz, -

e

In 1993 a Joint " ‘venture company hamed Plasmatherm Ser-vlces was -
- -established by - Scaw Metals and ‘the Council for Sclentiflc and

SR



. The stlrrfng action s inVersely pr‘opor"tiona! to tha square reot of '
 the frequshcy, and directly proportional to the power. With caraful

7 gelection . of frequency and power, the mixing and meltlng rate can -

be designed for best technical/commercial compromise (EPRI, 1986)..

" The “introduction of Increasingly rellable solid state frequency _ 
~ converters sihce the late 1960°s- has rapldly -influenced the -

© penstration of - Inducﬂon furnac;as into the metals pr'oduction sector,’
' .(EPRE, 1986) - y S . A

_'Economica of g ting by _1987'- we’re- suUeh th-at‘-_ l-nductlon furnaces FE

Co opera‘ced at opthaum level In  the range 10 to 20 tons. . Below 20 ... .
© tons, Inductlon melting was - afl économic alternative to electric arc .

fur‘nacws, desplte the electricity Intensity per’ tor of metal which -

Wwas -~ somg 10 to 20% higher In an Indugtion furnace (EPRI, 19874)..

R - Coreless Induction furnaces have beeh operated at a size of ﬁo tcms:
by Allegheny Ludlum Steel of the UsA (EPRI, 1987a‘

'_Induction heaﬂng has also bean used Tor channe! i'nd&ctlbn
furnaces Wwhere molten ‘metals need ¢ be held at temperature In

foundries, or where scrap s fo be melted. - For . a channel
furnace a- water cooled coll {8 constructed. a.mund a laminated

- magnetic steel core, . with a surrounding channel formed by the
~refractory around the ooll. - The metal in the channel forms a -
'continuow: lmp ‘:l*n-m.lvg,,r the metal In the main body of the fumace -

| Typically shon o*hanne!s cf’ materlal are. heated and then'.”' N

. réclreulated to a. maln furnase -chamber, - In a melter/mixer, = .
several channel Induction fTurnaces can be usacl to. meft and mix
. different streams of metal In a lat'ge. cylindrical container, such

' - that cheaper scrap can. be: lntroducad Inta e.g. steel maklng.

At Iskor - Newcastls slx 2,5MW channel ‘Inductors of 1. 650 tans o
capacity wers reportad to In use as a melter/mixer since 1983 with

good results. - Average slectricity was 486 kWh per ton of scrap.
~ mielted, with expectatlons of reducing this by 20%. (EPRI, 1988)

'Princlple applications of 'Inductlon furnaces Include . the refining

- and holding of aluminium, copper, iron, and zing alloys used In the

casting Industry, and In melting and superheating stéel fdr :
_-subsequent procasslng ln 9. Bas!c oxygen furnaces. : :

The benefits of induction furnaces have been noted as foi!ows
% ‘Fast start up from <old as full power is available In o
: seconds, reducing the time to reach working tempetature.

% - Cold 'starting with - limited scrap . and no need for molten

metal for medium frequshcy induction meltin,g..
Frequent alloy changes possible. ~

% . Natural stirring action. Medium freguency’ un}*s gWe strong
-~ stirvihg action resulting In homogengous mett _ o
% No by products of combustlon, so a aleaner me[t
¥ - Precise automated control possibiau o S
* . Long crucibie life.,
% Compact Instailation. :
- % Better working etvironment - R
* Energy oconservation (progressive [mprovement over tims,

and 35 to 40 % more . efflcient ‘than e,g hqt blast cupola)

J
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R This list of benefits supports the ffndings of the 1986 PRt study
. Iinte Industry decision-maklng m convert!ng 16 electr-ical pmcesses. C

It was found that- oonversion 1o - alectmtechnolcgies for meta{ S
- melting ‘has been driven wmore by ~the development of the -
technologles . and the  process benefits provided - by thess
© . technologies rather ‘than tha rera’clvg c:bst of electrical energy _
s (EPRI,1986L : _ . _ . . . _ '

For. coreless [ndUction furnaces EIectrlca'I 'd'astgn 'aohéldérat'ions
Include the provision of transformer taps to allow ad]ustment to

Ihput - veltags as the refractory lining wears and - the coupling

‘between the crucible ahd the surmundlngf coil dacreases, Profiled .
osses, y compromtsas in-

. coll - slectrical lossés  versus heat losses Hhave to be made.:

coll- sections help to reduca eddy current

-Automatic power conhtrol:io the furnace is needed to limlt
-_power consumpticsn dur'll"lg operatlon Lo -

o 'co_r_eiess !nduction *furnace unlts as small as 6 tons per ioad undar S
o full  computer -cantrol - have been & Introduced successfully inte - -
foundries In South Africa. A 2.5ton furnace kas been made available .

" by: the Atomic’ Energy Corporation for 140 to 150 foh/month of

 speclallsed castings. This was. prav[nusiy _onl_y _avallabie fqr'.'

n-—house projects (AEC,1996)

A few examples of substantiai induction haating/meltlng plant
" Installed It the RSA are:~ -

* ‘Speclal 400 kg, dual inductlbn furnaces w'th 250kw power cmtrol . '_;
- systems, - have been Installed at Richards Bay to produse molten -

‘gast ' iron at 1 4809C for cathode seallng at the new Alusaf .

- Hillstde afuminium smelter (Engineering Mlning News, A7

September 1993)

B Two 125 ton Induc‘cion melting furnaces have been supplled 1:0 a .
_highgrade stainlass stesl °mini-mili In Durban with a 10Mw '

!nvarter power SUpply, to ensure even pouring (Doke, 1995)

The majority of the alectriclty used for heating in the mlning and -

.'ferm—metals ‘sectors |n South Africa s assumed to be for electric

- arc -furnaces, and at this stage although there Is a proliferation of
Induction furhaces, the percentage that this represents of heating

use of electricity s not certain.  With- the _use of higher

" frequencies . for Induction furnaces which s beah made possible.

by power elsctronics developments, and . tné abllty to achleve

. - - better products and performange, the extended use of. indudtion
. furnaces for' the matais 1ndustry in Sou’ch Africa appaars Iikely. :

8. 6 ELECTRO CHEMICAL F’ROCESSES

'-Hectroiytlc reductlon and separatfon are tha main procasses in use

in - the electrotechnologles .of interest ih this section, = These

Intrtnsicatly require direct cur'rent tachnoiogies of supply and

. -and-use. :
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: Design oonsideratione Include the stabili’cy of euppty at hlgh o
current levels, the - rectifler configurations, filtering of. the input B

supply and -shielding of very - high d.c. flelds In the production -
. plant,. and electromagnetic - compatibility .of .elesctronic control

circuitry. These are all important for the success of. thle energy
_ (ntensive eleotrotechnology. . . _

‘The challenge of designing adjuetab'e electrode systems and arc

- stablllty in ‘the .cells for . effective  psrformance, and automatlc.

control systems to maintain operation optimally are similar in nature

. to tne pmbiems of the eieotr'Ic aro furnace discussed previouely

'In eleotrotys[s e eleotrioal ener.gy is changed into ohem_loal.-'
energy. . The appllsation of electrical - energ: to an electrolytic -

-~ cell brings about an oxidation = redlction process that would not - -
- take place of Its own accord. . The different conventions for -
' voltaic cel]s and. e!eotmlytlo oalls mUet be kept 11’1 mind. o

o Although the arode Is the electrode in ‘both types of oell at which .
- - oxldatlon - takes place and efectrons enter, the external circuit; in

© the voltaic cell It is the negative potential  and in-the eiectr'oly’aio
celi It s the positive potential. The cathode is the slsctrode at

"~ whlich reduction takes placs in both cells, and |s the point at which -

. glectrons  enter the cell from the external clreuit..  In the voltaic
- c8ll the tathode s the positive potentlal, but In 'the e[eotroiy'tlo ce[t
it s the negatlve potential. - D _ .

" Hence - 1;o connect the voltalc- oeH 1:0 the e'!eotro!ytlc c‘eu' for"a
desfred reaction, the cathode of the voltaic cell is-connacted to the

" anode of the slectrolytlc cell, and the anode of the voltaic cell is = -

conhnected 1o the - cathode - of the electrolytic  cell. (In terms of -
potent]a!s, the “positives” are .oonnected together and _'I:he _
nega't ves" are connected together') R L '

The pr‘edominant applloatlon lnternationa!ly Is in the productlon of .'

Caluminium  In molten  salt  electrolysls, - In. the .production of -

aluminium  the  electrolyts - melting point s 9400C and: the cell.
operates at 960 to 980%C by current flow from the anode of the call
" thréugh the electrolyte to the cathode. © The alumintum is reduced -
- from the fonlc stats to the metalllc state by the electrons provided
at the cathode. The molten pool of aluminlum is periodicatly
dralnhed. Molten ealt production of metals s also used . for ' '
magneslum and sodium (EPRI, 1988, Garz, 1992) : .

The |mpor~tanoe of thls technology applfca‘cion in South Afr'ica le :
conflrmed In Table 8.1 where the predominant . application in the
‘non~ferrous metals industry is for aluminium.. - A total of 7.8x of .

'ele'ctrlcity in the eectnr'-s of Interest ls used f’or chemical energy;'

_ Eleotrolysis uelng agueous electrolytes at- temper‘a,tures around .
100% are algo " used for metals Ilke zinc, copper,dnd manganese -

- {EPRI, 1988).  In the USA -in 1985 40% of electricity consumption R

~ for slectrolytlc processes was concentrated In the metals production
Industries, = as the technology had wide application 1n many other
sectors suoh as waste stream treatment in the chemlcal, paper and
pulp and textlle Industries. ' . : o
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B Separatioh and concéntration of elements dissolved In an el'ecl:roty?tel
with a &eparating membrane are alss used.in thé cafegory of =
slectrochemical technologies.  In the USA 38% of elecirical snergy

| for eledtroshamical appllcation was used for separ'ation and/or
' Goncentration. N . . : :

a0 .

Less than 3% of electrlc:ty used for. - elec‘tmchemlcal apphcations'_ o

were used for electrolytic deposition or removal. The applivation:

- usually requires the ~deposition of a metal Fflnish or - removal of -
o metal frorn a metallic workp:ece ' o P -

'\Processes. --ilke _ alectrogalvanlsing, ‘electrofinishing - and
 electrochemical machining - fall into this ‘category. =  The sector
- which would make most use of these processaes would be metals S
- fabrication, which I8 bayond the direct scope of this report. AS
South . Africa moves down the path of more beneflciation of metals -

-and minerals, towards . more manufacturing, thege processes will

hecome more . important and. Influence’ the electricity Intenslty of the o

ralatlvely Iow elactrlclty Intensive sector cf manufacturlng

8.7 ELEGTRICAL HEATING OTHER RESISTANQE HEATING L

a Dlrect reslstance heatlng and melting

Electricity s - applled directly to the. workplece whick: Is of a

1l

_-Thls ha.s been used wlth dlrect cWr eﬁ’f -and altemaﬂm current BRI

© relatlvely high resistancé  via electrodes In a- furnace. - The
. workplece or material then heats directly as.a consequence of Its

own resistive losses. ~ This form of heating ls commonly used In -

" the glass industr'y, and for. pre-—dr‘ylng of certaln ceramlcs (EPRI,.

1888),

'Indlrect rasmtance heatmg or melting

'- '_Thls ls- accomplished by passing an’ alternating current thmugh a

: reslstance ‘beating element that transfer‘s heat to the workpleca or.

material by convectlon and radiatlon. . This method has been used .

for heat treatment of metals, metal mel‘tlng, curlng, glass tamparlng
(EPRI, 1988) : _ _ _

RF. Heatlng. -

In the study by EPRI (1988) It was estimated that there was @n -
installed capacity of 500 to 1000MW of RF heating and drylng -
equipment  In 1980 .and the rate of growth was 2%  per annum.

-They sxpectad that the 2 TWh of electricity ocmsumed in 1980 would
Increase to 29?0 Twh by the year 2000. o A

Electromagnetlc radlation in the radlo frequency range, typlcally

13,66 MHz to 27,12 MHgz, has been used to heat dlelectric materlals. .
The RF field lnduces vibration In the electrically-asymmstric polar . -
‘moalecules, - disalpating énergy and produclng hea't - A typical RF -

o systam lg of 100 1o 300 kw capaclty. o

ep



e OVERVIEW OF ELECTRIGITY F'RIGING DEVELOPMENTS
9. 1 S INTRODUCTION '

-_'.Tl"e subJec“t of elec‘tr‘iclty pr"cmg and ‘the Influetice it has on
. customer. decfslon making Is a large; complex and even erotive ona o
1t cannot be treated In depth in this project repart as It :
_'just:ﬂes a detalled study In its own right. _

K In the context of major capifal investments in production plant
~ such .ag has characterised the industry sactors. .covered. by thls

report, - the estimated {ifetime cost of electricity. as an Input cost i&" -

~ slgnificant. In the -aluminium sector the cost of electricity:

o penresents as much as 70 - 80% of input cost, in the ferrometals |

~Industry it'1s In the range. 20 to 30 %, ih the goid mining tndustry
_It ranges fr'om 10 ‘to 18%: L

' "In an electricity utillty, prices are normaliy si iw‘?; b 1 ,p recover
‘costs - of generation, - transmission, . distriby.gon, | sorhe mpi*tal '

| expenditure on rettculatlon and administrative cosis, . Inthe

-case of ESKOM, standard +ariffs cover the average costs of

 provlding - supply. . Extension or capltal charges are levied when -

. the costs associated . with a particular supply are. signiﬂcantly'
“higher or if the service required inc!udes unusual features RE

(Ferrando, Barnard, McDougalt, 1991}

' Slnce 1986, ESKOM prices have been'"nanonalfaed“ - .' The tariffs
- for the elght licensed electricity ~Undsertakings, which differsd - -

" substantlaily relative to thelr distance from the centres of

geheration, had already besen brought closer together when the _
:number of Undertakings’ were reduced to five in 1985, S

: The adjustment In 1986 . subsequent to ‘the De Viliiers Cc:mmission
Report onh the electricity industry led to ESKOM consolldating It
llcense to & single Undeéertaking and 'this meant that the tarlffs and
‘thelr - parameters were made equal. ‘A.small transmission levy
across deflned zones of 0 to 3% a’iowed for the distance from

Johannesburg to customers further away. The conipanents of

the tar!ff and the costs to he recovered by additional charges were = -

also changed, m=King com'par-isons_ over the 'per'iqd. 19-73 ta 1991
'_dlfﬁcult _ S

_ _Up 1o 1986 the Large F'Ower Usger tar}ff was based on & 6-‘3 40 ratlo
for an historically estimated demand:energy relatlonship. “This - .
historically had the Intention of slgnalilng to the electriclty user .
that the cost of satisfying high demand was very costly. -

The customer’s maximum demand could cccur -at _an_y_ _tlme of the day
- during & month and was -charged at - the same  prics, whether [t
co-incided - wlth the system peak or hot.. The effective message to
customers was that they were belng charged for plant capaclty
regardleSS of the tlma when they used the supply. o _

- The. . introriuctlon of . Tarlff E was to inﬂuenca customer's to ahif‘c :
their  peak demand away frem the averall system peak. This was a .
sighal that the ocost of satisfying demand was ho longer at the
Ievel of base load, - but. csf peak[ng and Ioad following generatlon.
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- Deslgn of shieldlng systems to prevent lnter‘fel"ence with electmnic”.f |
equipmen’c ‘has - been a  vital component of e‘l"fecfive RF heating
_deslgns. L _ S

g A conven!ant applicaﬂon of RF heaﬂng has baan the conversion of

 batch procasses to continucus processes with workpleces moved

 through the fleld on a conveyor. . In this case care Is taken In .
' the design to avoid radlation at 'the exit am:l !nput of the conVeyor

1nforma’clon on’ RF heatlng ln South Africa for appiicatlons in the R
sectors of interest has not come to hand to extend irsight Into the =
~further potential ~of -this alectrotechnoiogy locally. .~ However . = .
. agsuming the example of the = USA and - the prol[feratlon of -
‘Installations, belleved to have been betwesn 50 000 and 100 000
7 with  an average size of 10kW (EPRI, 1987c), there appears to-be -
- potential for increased use of RF-in'a Variety of appiications in o
' -Industry In South Africa - I -

.'_._Mlcrowave Heatmg -

" Although 'extensi\fe!y USBC‘] ln : the agro-—ihdustr’ies, Hmited_ N
- hon-metaliic minerals Industry appiication has been vlable other & - -
' than In the speclalised ceramics fiald, -and curing of foundry-_'_ .
S omoulds. The freguency rarige of 300 MHZz tb ‘2300 Q0OMHz ls used .
For' Industriz! purposes for hsating dielectr'lc$ The most common
-dla[ectric ‘hested has been water L _

‘The: estimated ins’called capaolty of ""a!l lridtistrlal mlcrOwave"'_"

equipment  In the USA was 24MW in 1980, and this was expected to

- double by 2000 (EPRI, 1988), ‘sinca the sfflclency of conversion of
“electrical ~ energy to. energy In the workplece Is some 50%, the =~
ehergy cost of operation is relatively high, and the application has ==

to  economically . justify the combined hlgh cost of - capita! and

‘running costs.

" Candidate materials ‘that justify _. spe_ci-al' treatment -are those Which
have thick cross sections that -are prone to overheating the surface

fn ,order to heat the internal parts, heat sensitive material, and

expensive materlal, = Converslon of a batch to  a continuous
process, and & two shift operation that Increases production: from
the same equlpment coulcl also be a. candidate for mic:roane

application

It has been projected that the chemical i:hdu-stry '.t:o'_uld-”bec.oma a . .
larger .user of microwave heating for e.g. drylhg heat sensitive '
~ polymers [(EPRI, 1984a). Combinations - of hot air and minrowave
" drying have been tested and found cost-effe~tive for bulk drying
of selected polymers.  Destruction of ory- dic waste has been
- demonstrated with the assistance of mlcrowa\fe p!asmas at Rockweii :
. In the USA (EPRI, 1984&). : _ o
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These systems have not been used intensively in the mming, rnetais B

-and_ . minerals sectors,  but have bean primarily ‘used in plastics, -
.wood_ paper, textiles and the food preparation industr!es( They
have progressively  found uge  in: drying of thin cross section .
ceramics, - and small . dimenslon post insulators prior to firing A

kitris.  The small slzes are chosen to ensure successful escape of :
hea‘ted water mo[ecu[es wlthout d1stor‘ting *the pmducts :

'Foundry oores, ‘made of sand and a - binder like resin, have been '
‘mads more . rapldly using radle frequengy curlng of the. resln,

hence reducing waltihg time for cores from overnight baking

process ln ovens, to mmutes ln an: RF heater* (EPRI, 19870) -

RF heaﬂng Installatlons are - qulte expensl\fe., As. a heatmg source

.electricity - is also relatively expgnsive cempared with fossll fuels -
- both In South Africa and the USA,  Use is usually dependent on
- - specific product and process - needs whlch cannot be pmvlded by

'_the alternative heating processes

. Much experlenca was gained over the tlme since RF heat!ng waa--_
_ Introduced in 1941 (EPRI,19870) _

_ -'Eiectrlcal design oonslderations are’ assoc*lated with the power
: _transfer relatlonshlp P=2MfEC tan(d), where :
- = power in Watts - _

f = frequency of ehergy in Hertz o

E voltage across the dislectric in Volts

C = Electrical capacitance In  Farads, deflned by 'the
: : dimensions of the product and Its dlelsctric constant
Tan(d) The loss tangent of the matarial . _

Hence the hlgher- the veltage, the higher ‘the powet‘ dellvered to
the workpiece. . This Is limited by the breakdown voltage between
- electrodes and the workplece at whieh level * arcing will occut.
The deslgn of the electrodes, thelr spacihg from the workplece and -
“thelr maintenance has an important Influence on the arcing voltage.

Selectlon of the frequency, typlcally In the range 2 MHz to 200'

- MHz, is also a funstion of the power dellvery required as power In - -

the workplece le proportional to the frequency. The cholce of
frequency - can . offset the  limitations Imposed In- some cases by
valtage llinits, and also of non—untformlty of dlstance betwaen .
electrodes and workpieces

' Th'e fength of a coﬁ'ventlon_al end fed elect_r'ode Is-nor‘ma_l_'ly c_hci_s_en'
to be approximately 1/20th of the wavelength to ensure that the

voltage- remalns within 85% of the lnhput voltage across -the
~ elactrade, Centre fed electrodes are also used with double the '

effectlva Iength of the end fed system

For lass critical apptications the power can be allowed . 1:0 drep to
80% at the end polnts of the electrode and hence the workpiece.
For speclal applications the electrodes are tuned with inductive .
"stubbs" to change the voltage profile across an electrode to closer
. tolerance.  Tuning might also be need to match the pewer source . -
to the eiec‘l:rode system for maximum power transfer. S
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By 1989/1990 the level of overcapac}ty of. electrlcity generatlng -

capacity In the South African electricity inhdustry was substantlal.
Allowance was made for the varylng cost of opeprating power plant
over the varying dally load through the Introduction of the
Time-of-Day - pricing option - for large customers. - Two options.
“were introduced, {T1) for 1MVA or larger which included a demand
- ‘charge element; and {T2) for 100 kVA up o § MVA. wlthout a '

' demand charge elament. _

' Hence in summar‘y'- o S T
© % In - 1973 the “only Industrial - and mining tariff was the
so-called Tariff: (A) - for Large Power. Users, viz -with &
- notifled maximum demand exceeding 25 KW/KVA: R
% By 1991 the large power user had a cholce of S o
: - = Tarlff (A), - '
.= Tarlff (E) which allowed for pariods of off*peak
uge - without demand ocharge, subject to a
~ minltum cost per kilowatthour consumed, - .
- Tariff (F) for varlable (mostly seasonal) use, whlch o
“was diracted t¢ agricultural customers.
- In -addition two Time-of-use options were available,
. which _had  not yet been accepted by the
T . Electricity COntrol Board as a  scheduled tariff
T - because of car‘taln customer objec‘tlons. o

"By 1996 ‘the ESKOM Time-of~Use Tariffs were acoeptad as scheduled S

. tariffs . and  domie  municipal electrlclty undertakings were
oonsidar[ng lntmduclng slmilar tarlffs. L :

2.2 HISTORICAL GROWTH RATE OF PRICES

: me 19‘?3 to 1891 the . cumula‘cive r'eal prl se lncrease was 11,27%'-'
below inflation. The cumulative revenue Increase recelved by ESKOM
was 35,61% _above inflation, The difference was accounted for partly
b, taritf restructuring, partly by the changs In customer mix (In

 particular a growth In industrlal  customers); and partly by

customet consumption or load profi!es (Ferrando at al 1991)

From 1985 to 1993 the real prlce of electrlclty reduced by 25% dug
“ to a concarted effort by ESKOM to reduce costs, which was partly -
- achieved by substantlal staffing level reductions, mothballing whd
~ decommisslonlng of some ganerating rapacliy and rationallslng of
dmin:strative and fteld operatlons. :

Flgure 9.1 shows - the ESKOM “annual price increases |n actual
notifled terms and equlvalent real terms to a 1973 base for the GPI
calculation.  The very high growth in both notified and real terms
Ih . the early 1970's was caused by the need to catch up revenues
for a high level of seif<funding, In order 1o finance power statlcm
projects a’i"c«ar~ a peviod nf low price Increases. :

Table 9.1 shows the effective rates applicable to tariff (A and the
" nominal prices paid over the perfod., Mining, metals and minerals.

Industries predominate In the selacted. areas of the former.

Undertakings of the Rand and Orange Free State and the Eastern

Transvaal (alse named Reglons for part of the period covered). .
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K '_ | Year R& OFS Eastarn Transvaa]_

o e 'c/kwh_' R/KVA | c/kih

Tabie 9 1 Tarlff (A) Effectw.s Rateea 1973 10 19856 for' '
: Rand and OFS and Eastern Transvaal

11073 | 5.52 | 0.204 | 1.13 | 0.222
1977 1 4,13 ] 0.908 | 3.28 | 0.561-
1981 ] 6.79 } 1.027 | 5.46 -} o1t |

Table 92 shows a doub!ing In. nammaf terms of the demand and
enargy. component of the tariff as experienced by custcmers in ’che

five year ‘period.fi om 1986 to 199 - _ _
o Tahle s .2 Tarlf (A) Effactlve rates for Varlcus Voltages

1086 ~ 1991

: _Y'ea-r-" BB - ) R/RVA e _. o/kwh|
o 330/2?0 330/55kv se/132kv stakvl

l1ess | 13.20 | 12.71 [ 2,22 | 11.74 | 2.263

S Jiee0 | 22,46 | ei.ee | 20,77 | 19.04 | 3.845|
eer '_26.-_66 | 2565 | zde1 | 23,69 | 450

Table 9 3 shoWa the advan‘tages offered to the custamer' able to
shift load and hence take. advantage of Tariff (E) which was.
lntmducad in ‘[986.

| Tabie 9.3 Tariff (E) Effactwa Rates for Various antagas B

1986 - 1991

Avear | R/kVA '_ S ] o/kHn] | o/xin|
| ss0/220 [so/eskv ae/132kv iy || o |

{1ess | 12,29 | 11.80 | 11,82 | 10.84 | 2.263] | 3.68

{1990 | 20.87 | 20.04 | 19.22 | 18.40 | 3.845] | 6.17
1961 | 24.78 | 24.78 | 23.80 | 22,84 | 4.569( | 6,66

#Min g the rhlhimdm chﬁrgé app'iled_ to t,'he Iaccount, 'hencé L
the sum of the demand and the enerygy charges, divided by .
the. energy consumed should not be below thls mlnlmum rate. -

-The large alectrtc[ty consumar, hav[ng made malor capital

Invastment daclsions In the early 1970's Incfuding expeciations of
electricity prices over the followlng 20 - years, could hardly have
foreseeri the raplid rise of Inflation and the dssociated increase in

- the cost of electrielty, In partlcular the periods of higher than ..
inflatlon price Increases had an important impact on the way ln :
which maxlmum damand was managed by -customers. - '

oo
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" Méthods uaed eluded . Installatlon of oomputer cantrollecl demand
- control  systems, co-generation plant, and the ¢holae of alternative -

. Pprocesses using energy sourges such as coal, oil and gas. Decislon—
‘making on  slectriclty Intensive process- plarﬂ: became: extremaly.
- difficult as economic studies were difficult to oonduct tn the face .
of uncartalnty about future price increases. _

o In 1990, In an attempt to asslst. with stablnlty In customer plannlng -
- for  electricity intensive Industriss ESKOM entered inte a voluntary

- compaot with Governmeni and customers to contlnue reducing the

real price of electricity by limiting annual price Incréases to 2% -

i polnts below the projected year’s inflation rate over at least a flve .. .

year period. This commitment was extemded in. 1995 for a further- _
: -r‘eduction unt!l 2000 e | _

9.8 NEw PRICING DEVELOPMENTS

: _Innovations in _the area of eiectriclty pricing In  ESKOM have B
voncentrated on load. shaplng In order to . fill vattey periods end

Faduce growth at the system peak, which has recently devsloped as .

. a night-time peak due to. the rapidly Increasing low load factor

domestic customer secter. Tarlff (E), TOU options (T1) and’ (TZ)
wers - the injtial tnnovations. TOU Tarlffs were forma!iy accep‘ted as

".__'schaduleﬂ tarlffs ln 1996.

Mare recant dsvelopmant affort has been In tha d!rectlon of

interruptible Tariffs. These range from pre-planned Interruptions R

- with @ pre-arranged period of notice which are normally referred .

to as curtaliable.. loads, 1 contractually agreed but unannounsed
interrup’c:ons at dtffering levals of price reduction. Y

 Speclal pricing agreemants have been reac:hed with Indivldual ma_]or--

customers  such as Alusaf 11 which the electricity price has been
linked. to the iInternationally quoted metal price. “This enables a
risk sharlng agrsement to be reached between suppller and.
cohsumer in which electricity prices are high when the aluminium
price [s high, and reduced when world prices are low, This
. approagh 1§ In line with pricing structures [n use in the USA by
. Bionnevllla Powar Authority for thelr alumlnium producers for some
tmé- . ’ . .

9.4 IMPACT OF PRICING C!N PEAK DEMAND

) Fr‘oin lntarnal ESKOM studies approximataly 450° MW of loacl shaping'- .
had beeh achleved E5¥ 1993 due to Tarlff (E) and this was expected .
1o Increase to at least 1 UOOMW by the turn of the century.

'The ‘contribution - to demand reductlon due o interruptibillty
agreaments |s expected to be approximately 1 B0OMW by the end of
_this century, primarlly in the metallic mlnerals sector (Cailtz,1995)

- __Addl-tlona! future peak load reductlon -llnka_d 1o priclng structures’ o

~has been optimistically estimated, subfect™ to . further analysls
(Calltz, (1995)) as Interruptable load of 1 400MW, Co-generation of
1 200MW, Eiectr'icity Conservation of 2 1oomw giving a’ total of

_4700MW. o L _ o
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o -:'-'An update by Cali‘tz (1996) glves the fcllowlng estlmates by 2015 -' o

Interrupisble - B 200MW - _
‘Electricity conservatian_. e 2 BooMwW - oo
o Lemd shift. 0 1 60OMWS o ,,,ﬁ;f .
| Additional total - 7300MW U
e 5 conr::t_us:ous

' -...There have been substantlal and pmgressl\ze changes i industrlai.*
" electrlcity pricss due 1o thereasingly Innovative tariff restructurlng-_.'.-.__ A
.. n o order to. accommodate customer heeds and to modify supply side
- investment commitments, and hence the riead (or not) to fund naw "~

genaration and transmission capacity. The Jevel of national

- Inflation has.  influenced ‘bath capital and operational expenses,
- which, because of . the cost recovery basls of < South African
electrlcity prlclng, have addad 1:o tha price Ieval in or‘der' to

"r‘ecover cnsts : R _ S _

" The way i hleh customer plant has been opera*téd and demand .' S
__control equipment has been Installed to ‘respond to the early - . .
‘negative, even punitive demand charges, and Ia’:’certy 10 the more A

."IDOSI‘EWQ pricing sIgnaIs, has bean slgnlficant.

: _Futura cholces n end use electmfechnalogias will cont!nue to be_"_'-.'
- . _influenced by the level . and flexibility —of pricing structures, the

~ compatibility of production process equipment to maximise economic

beneflt from such electricity prices, and the willingness of Process |

~ plant deslaners, purchasers and aperatcﬁrs to modify thelr approach_
-3 these evolvlng aptions,: R . . S

._.:10..1.. |
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10 POTENTIAL FGR Funtﬂl:'n"-”'-“asa._ '_'INnUStRI_AL'_
R 'ELECTRIFIGATION R A
U161 ENERGY CONSUMING | SECTORG ACGESSIBLE

- ELECTRICITY END USI‘:“‘F"’OHNOLOGIES

“Afl sactors in whlch heatang ls not yet substant;alky pmvlded by;
- glectrical- means are potential candidates for I(ncreased use of. |
electrotechnology solutions. - . The fssue Th the RSA has been
-related. 10 access problems - Le. a supply problem, as in the case

- of much of the domestic sector, or capltal investment restraint as -

in the major. sectors of food, pulp, [ndustrlal. chemicals, non metallic -
__:minerals Industries, fermus metals, and nan-fer-rous metala '

In the casa of many of the 1attar, the r'eal rastraints ha,\fe beén : _' S
a) lack of risk capital, N

- b} shortage of lnfermat[on on modern deva!cpmants In

7 processes and manufacturing technlgues,

&) few SA based agents/suppllers of equipment; _

d) long parlod of SA Isolation during the sanctlons. era.

S Them are approprilate” alectrotachnalogles for most of the heatmg
processaes currently served by coal, fuel oil and gas, . _

. | Thesa are in the. formi of :

a) - electrode boilers for steam-ralsing, -~ e
b) electric smelting and melting - of metals (elec‘tr‘lc are
7 furnaces, plasma arc, Inductlon furnaces), - - - -
¢) Infra-red and laser flnishing of surfaces, =
. d) Induction heat treatment of naterlals,
- e) resistlve heating of matserials, . : '
) microwave and rf dlaleatric heating of materials

- 'The spgtors of Interest with the po‘qentlal to demand hlgher levels

-~ of eler dcal energy are : « -

© . &, iroh and Steet - -.- - - enttra steelmaking sequence
h)q " Non-Metallic Minerals ~ ~. glass, chinawars, ceramics .
c)¢ Non-Ferrous Metals -~ - -tltanlum, magneslum, aluminium

- d) Qther Ferrous Metals - -ferro-alloys, stalnless stesl =~ . .
‘@) Miplhg ~ - = = = - = = = materiais  handlihg, and oh-site

B . ' drylng and partial beneficlation.

0.2 PLASMA ARG HEATING I

--.As was dlscussed in Sectlon Ba, Bouth. Afrlca has establlshed
-competence in the use of plasma arc heatlng. Additlonal use of this
electrotechnology can be consldered Ilikely In the  ferrometals -
‘Industry, In titanium production as - an extenslon of ax!sting
processas. . .

CNew' appiicat!ons for’ Plasha arc have been postulated for treatmant :
~of toxic waste llke PCB's, but have further ;ests 1o undergo o
satisfy envlronmental protec:tive measures. . R

- Direct ore reduc‘cton and also traatment of e[ectrlc arc furnace dust
- with the advent of steel min!-mills can be expected o yield useful f]
results, if the ER7I projections were appltad ln the RSA : [
St
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q0.4 ELE’CTRIG ARc FURNACE

L e

: _Autocataiyst matlnum r'ecovery by plasrna arc c:an becoma a new.--
Industry when the motor vshicle Indusiry -In the RSA produces
vehicles to sult tha_ unleaded petrols ‘due to be introduced in the =
hear Tfuture., - wWhen a proposed zInc  smelter investment with a -

proposed . load of 100MW ‘Bocurs. in the RSA as has been avaluated |

“1-0’_.’.’3'_-_’...-_? ” E-LEGTRICAL mouc*rxom HEATING

reallstlcally expected across all the. metal processing . u.ustries. It

'_ - has . a particular hiche In the speclality metals and su;...ra!loys for - -
© e.g. asrospace applications for which some Sﬂuth Africa.n lndus’crles. o
'_can find. premium mar‘kets ' e

o “The r‘apid development m exper‘cise 1n electr‘onlc oontr'ols fcr hlgh'
- frequency Induction heating hias opehed up opportunities for ..
- -spaclaﬂsed metals manufactur}ng for' expcrt markets

_Env!ron_mental_ pr_esw-ras to reduce pollution from: -"-'nmb_u.é.tiori _'
- .processes will credte. new opportunities for the use o  actlon
--..____P-r‘ocesses._Whlc'h-.pmvlde .a; cl-_egnar_- m__at_t.' Fe S

. .-.‘ .

"'Intai?ha.tfanal commodity prices fcr‘ products of the ferrometa!s -

- by tPe IDC, the use of plasma arc furnaces o recover zinc ﬁ'om -
- zing wastes could become relevan«t. o R

" Growth in ‘the use of electr‘ical Inductlon heﬂt"ﬂg can be

industry, which s the largest user of arc furnaces In South Africa, -

anca the start of - this pr‘o,:ec't report, the advent of - the stee}
mini-mill - using alectric arc - furnaces has ~already vceurred In the

'RSA- as has been the case in thg USA. ° This has been an

extremely successful development and has .the potentlal. for

--Gmwth ih the s‘taln!ess s'tael indusﬁry will depend on world prlces .
and has lead to the ~establishment of more capac:lty ualng state. of -
'-the art techno!ogy In tha country. S .

1005 MICROWAVE AND RF HEATING

: Intmductlon . ' ' RN
Within the sectors aovered hy this reperi ahiy th& mn-metaliic _-
minarals . show promise in the further application of microwave and

RF heating technolc‘ag[es. Septlo_n 8.6 reviews of the technoljc_agy_,

Microwave Applications

o can be expectsd to lead to the oyclle building of new and closure
. of existing furnaces. - This will be .a repetttlen of: what has
s happenad over the past 20 years aiready _ _

substantial increasing Impact In  the RSA. .- The'cohtrql of dust
‘was brieﬂy covered In Section 8,2, _ B

Potantial’ -for microwave appiicattona hava been ldentlﬂed ih the

chemical Industry, agrictltural processing, Daper and textiles

pmgaseing and food pr‘ocessmg (EPRI 1984c)
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- In the USA 22.3MW of the z4mw of macmwave app!icatlona assassed .
s wer'e ln these sectors ' _ L

Applicaﬂons of microwave technology would not ba expected 6 be o
- major electricity intensive loads In the way the South African farge -
industry loads have traditlonally grown. They are more likely 1o be
-dispersed oads as part of higher technology small to medium sized
ndustrial and manufacturing developments. * These technologles -
would add to the supply quality needs of those customers, and also . .
potentlally add generated electrical Interference bagk Into the -

supply system requlrlng sone form of Interven’clon.

. Within the sc:opa of mlcrowave pmcessing a number of unique uses .
of the high valua process have bwen founhd and reported in the
EPRI study (EPRI,1984c), whlch hava not been applied to any
substantial extent loca!ly . :

These are:- - - '
- % drying of polymars 1lke poiypr‘opylene and pclyethylene ;
- ¥ foamed rubber lnsulation for copper refrlgeratlon pipas o
% devulcanisaticn of rubber scrap _ _
* foundry sand core drying
* dewaxing of precislon casting moulds
. ¥.maist thread drylng : '
% soll thawing for construc‘ticn work tn-cold- chates
. % concrete fracturing for demol!tlon .
% fibr‘eglass meitlng

T-he load shape Impllcations would vary dependlng of appl!catlon,
but It Is likely that near-contlnuous or cohtinuous processes for
drylng/curing would be used t6 maximise the benefits from
expenslve plant. Hence this would not necessarily add -to peak :
power demand on the natlonal system, but rather on local
dts‘trlbution supply natworks. - : _

RF Heatlng . _ o S S o
it has begen reporis- in the EPRI study on Radlo - Freguensy

Dlefectric Heatlng in Industry (EPRI,1987;.) that appllcations exlst in
. the followlng:-

* plastics preheating

* plastics welding ' : o

* drying of various rna'terlal e.g. paper,paper coatlng, veneers,
lumber, textiles _ o

* wood appllgations for e.g.Wood ‘gdge bonding, framas, Joining,
furniture assembly,. particleboard and fibreboard, '

® textiles such as wool bale warming, bonding interfacing, drying -
pantihase, drying bulk yarn, drying tow/webs of wovehn matf-rlal.

% ceramics bonding _ . .

% film drylhg

% grinding wheels curing

* foundry core drying

% book adhesive drying

* food baking, thawing.

A mix of applications from short duration processes -e.g_."'weldln'g .
‘through to continuous processes are .Invoived - in RF heating.
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- COnsequehtly It 18 net r'eeHsttc to estimate tha eVerall effeet ef thls__-.- -
technology on load shape.  However It Is likely that where such
- technology . Is introduced. it is ilkely to be more energy efficient. =
- . than the previous process In use, whether a non-eiectr‘ical methed .
_oran eiectricai method was utHieed. , .

o _'1.1_.___ cowcLuezous ON. THE IMPACT OF ELE{}TROTEGHNOLOGY N

' DEVELOPMENT IN MINING ﬁND MINERALS SECTORS OF -
L. THERSA
RELE | INTRODUCTION

-:_The Impact of a substantial shiﬁ: In end-use e!ectrotechnelegles frie o
- the various sactors which couid impact the load profile; the quality
of supply needed as well as Infiuenced by the type of load, can .
 significantly influgnce the planning, design and cost of electrical
- supply _-ey.stems, and the nature: of services and quallty of supply

heeded by ocustomers. ~ -In turn the educatlon and tralhing

' 3_3'_needed by mempers - of the englneering tesm responsible for.
-electricity supply. to the polnt ef use, ln erder te meet theee R
~‘needs, - wlll be- inﬂuenced.--- : . '

. ~The integratien ch the design and . pianning process to connhact new R

- slectrotechnology loads successfully; may - lead 1o a change In the =

method of interaction and contractual relationship of the formally .

- separated design teams of the  electricity suppiier, the end user -

.. customer and the consulting engineerihig team . often centrac’ced to
undertake design and project management '

- -At the polnt of epplication cf etectrlclty in lndustrlal processes, the -
- Implications  are that. education and training [n. the electrical
englhesring disdiplines will requlre “attention. =~ For such a

transition Into new/under-represented technologles fo° be
sustainable and successful bridges betweeh engineer!ng disclpnnes :
wlll need to be strengthened.

B The ‘underlying - drivlng forces tha‘c laad -l:c'n' changes ih. end _us_e S .
technologles and process practises are closely tled to increasing

pressure for sustainable environmental = practises, and global
cor‘npetttien based on -quallty pr'educts and keenly structured o
prices. _ .

A change ln' the electrlclty Intensity of majer induetry ‘hag the
_ potential 1o change the gross primary energy heeds of the country
in. a posltlve sense, If new electrotechnology s more efficient than *
“the older technology that was in use, = This has constructive

implications  for the efvironment both from the polnt of view of
pollu‘tlen and extended |Ife of nonerenewable enhergy forms. ' '

'Policy ‘decisions by the Government of the. country are vital to

facliitate a resporise to these global forces In the Interests of
increasing: the opportunities for economic growth rate of the .
country, and the  Southern -African reglon. The policlas emsrging -
from this review, relate to thdustrial Investment, research and.

devalopment support, ehcouragement of centres of expartise at
- centres of higher 'e'ducetlen,'- energy and environmental -policy.
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' '1’1..'2- ELECTRICITY DEMAND LEVEL AND LOAD PROFILE IMPACT

-_The sectors desoribed are already relativaly high load factor in

‘nature. - The electrotechnolegies which have been successful
within these sectors and . those which could have further. Ithpact,
mostly represent demand  of a high load factor type.. ~ This is

" typleal of continuous thermal processing. Such an Increase in

base Ioed demand would = be sighificant for the electriclty supply-

Industry. - An improvement of the dally, weskly, and annual load

. factar Is Intrinsic:eIIy advantageous from the point of view of the -

. gupply .. system .as  generatlon, transmission © and . distribution
. utllisation Tmprovement can lead - to savings over the fonger term.
.and potentlally lower price Increases to customers : _

There s at thle stage a demonstrated decl:ne ln the 8outh Afrlcan L
-system load factor as an Increasing number of resldential customets
 with ‘very low load factors are connected on to the system. = As
- has been previously discussed, there has been a newly emerging -
avanihg = winter peak that has showh progressive increase In size. -
This eaffect is expected o contlnué as the natlonal Imperative for
- slectriflcation - of homes, schools and ¢linics most of which have jow

ﬁload factors, is accelerated to reduce ‘the historical backlog

Opportunltlee therefore ‘exist for the Ioa.d proflle to be managed ln S
' the customér environment at various ‘levels |n “the supply chain ' =
Cwith the bereflt - of Increased capaclty utilisation of reticulation, .

- distributlon,  transmission. and generatlon - plant, o ensure that

- electricity service costs and customer p"ices are maintelned or.
preferably improved over the long term. . _

o .Varlous oharaoterietics of sector process Ioads 'and ftexlbﬂity of :

operation of technologles. can be harnessed to ‘ald In the overall

manageéement - of the supply-demand balanc-. For Instance an -
increased slze in_the ocounter-tycllc load apparent In the weskly
load pattern. of the non-metallic minerals Industry can be a.
partlcularly useful characteristlc to enhance, as a partial means to
couriteract the declino in load factor' due to resmentlal demand '

- patterns. '

_Ther‘e _ie._.als_o.a substa_ntlal“risk 'In the grow-th of capaclty of an .
. even~larger~than—present customer bass that has a process lcad
dependent on cyclic world commodity markets, combined with a
weak . domestic demand. - The cyocllc fluctuation of international
price cycles can lead to load capacity belng ldle as a result of
ecchomlc decisions made by the management of the plant. From
the graph of the Terro-metals industry, Flgures 6.4, 6.6 and 6.8 one
cah see that from 1888/9 to 1991/2 this was &as much as a total of 4
GWh drop In base load slectricity consumed -by the sector. This
occurred with the collapse of tha export ‘market for ferro-chrome in
particular, . Such fluctuatlons can - Impose severs limits on the
ingshulty of planners of elsctrical capacity as well -as of developers.
of customer service Interventlons in . the electriclty supply
Industry, - The effacts on related Industrles that suffer a ripple
effeot_of the commedIty cycle through the natlonal economy are also
-sevete, "as {8 alsa recognisable through electricity consumption
figures, for Instance in the mining induatry
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" However, In i:dnt_'r_a"s{: ‘to the rlsks, thera i& ‘an advantage of a

substantial = thermally” ‘based -customer pool -as that offers the - ..
 potentlal 1o structure large intarruptible. suppiy agreements in. an

" Innovative way to sult tha thermal characterlstlcs of ’che
-prOCess plant : . : .

With approprlate prIr.:e lncenttVes b 'the customer on 'the basts of _

slther Instantaneats or pre-arranged load reductions this approach o
has  been tsed - successfully in' for example the USA and France. .

Tt ‘has heen estimated that interruptible loads on the current South-

o African - system couid be as h[gh &s 3 UOOMW (E-tztnger,‘[ess, Ca!ltz, _  ' _ :

1896} .

. Scope exists for & further "developmem of the' eléctrlolty supply' ”

' Industry in a way that could. change the pricing structure through =

- allowing  innovative merchant or independent power producers to
“compete with a tax paylng electriclty supply Industry. - . This
could: stimulate change . in the 'hature of -costing and prlclng of _

.' _:'-a!ectr'lcity ta the advantage of the aconomy. _

-The_ av.ailab_lh_ty_ of ~ natural gas__ impnr'ted : Ie;:-::_'t_he- 'Soufh 'Afr_-'icah

o energy economy could Well be the catalyst to.such developments. If

 prices ‘of .slectricity from gas fired generation can be made
_attractive and- competitwe with existing electricity prlces thls could

“in‘roduce & new competitlve . factor Info the. market. A barrler to. |

“this  development |s the iack of open access to the trahsmisslon. -
system, because of the ‘existing monopoly elactricity pur'chase and -
selling posi’aion of. the ESKOM transmission systam - _

E 'It is ‘too early in the development of the - gas Industry to attempt to
 prejudge. the potential outcome. However slince  natural gas Is &
- clean- fuel to burn, 'lt could well compete with electricity. for direct.

- . heating purposes. As & conseguence [t mdy find its p!ace as &

- “premium heating fuel, Bas technologles would then compete for base
fodd, bulk thermal applications with the varlous electrotechnologles

" which have bsen discussed In this - report. = In  particular the

metals meit!ng Industr'ies cou[d be tha most infernc':ad by such
developmants. o . e

_Erosion of the high load factor customer base for ‘the conventlonal
coal . flred power generation -systsm in South Africa by customears.
' chooslng to use -gas in thermal process technology might stimulate -

the mave to more flexible gas-fired power generatlon plant to cope

with an even lower natlonal electricity load factor, The competing -
generatlon for this type of load is hydro-generation imported from -
Southern  Africa over the Southern African Powsr Pool. Depending
on declsions on energy and electricity source dlversity in a
natlonal ensrgy policy, this may provide the opportunity heedsd by
a new gas-industry to start up In the RSA. (Dlscugsion Document,
Green Paper on National Energy Pollcy, 1995, Dapartment of Mineral
-and Energy. Affairs) :

Operational control of power systems with the Increased flexibllity

and economic trade-offs of power pIan'l: Ver'sus customer‘ !oad'
_ modiﬂcaﬂnrs has beoome more complex SR :
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" Where customer load . modification options - Inciude cusiomerhowned

generatlon, the greater penetration of distributed embedded

generation - in.a powar systeni - will impose more plant dispatchlng -
" complexities - than before, A need  would arise for training and hew -
- gomputer. support systems for power system oﬁerators and systam_ '

designers
_1"1“.-' NATIONAL POLICY IMPACT
1.3, _-j Industmai Investmen't

_ 'The sectors and the!r eiectrotechnology options covar'ed in this
. .repart  are all capltat intensive. Replacement of existing plant and

investment 1 new "greenfigids” production plant reprasents major

“flnancial commitment and assoclated risks in the face of global -
. wompetition. The part that government policy plays [n creating an
. Uinvestor - friendly" climate In competing with other countries for -
~ limited Investment funds has been ' postulated by many analysts,
© . organised business (e.g.  SACOB - “the South -African Chamber of

Susiiess), visiting forelgn Heads of State (Kohl, 1995), and- potential

investors. The usual flnanctal ncentives are investment write-offs_ o
- .8.g- through accelerated depreciation ‘gllowances, tax 'holidays of
. vamous types, subsidtes and tariﬂ‘ protectton. : .

It would séem  to be :mportant to ensure that nhaw 1nvestment In o
_ pracess- plant “shouid meet criteria of acceptable - international
- standards of  energy efficiency and environmental émissions by
~ providing sultable investment incentives. This might be an effective
solution ~ 1o create a "virtuous" cycle and break the costly cycle of
- allowing - |nefficlent energy-Intensive processes to be astabilshed,
' wh[ch leads to. costly suppty through new elec‘tﬂcity mfrastructure o

o In partlcu[ar Loal- based Industrial prc"‘esses and power generatlon' -
- gosts' ‘can' he - expected to Increase substantlally when higher -
‘standards  of emlssion control are required. With Inefflcient

production . processss, subsidies or protactlon -are often then

required to - compensate for high input costs and poor -
competitivensss, hence driving the overall - cost spiral upward to

the detriment of the economy as a whole. Reméving such protection
becomes very difflcult and painfu! to remove, as s currently belng
expetienced In South Africa In aligning with the reguirements of
the General Agreement on Tarlffs and Trade - and the new wgrld

' 'I‘rade Organlsatlon

11, 3‘ Pesearch and Developmant

‘It has been notabla from the various EPRI refar'ences, and atso the- _.:
extenslve use of thelr analysts by the Department of Mineral,and.
- energy Affairs and also ESKOM; as shown by the References. ln thls '

report, that MINTEK is a well recognisad key player {nternationally -~

In minerals processing. ‘South Africa - is tich In minerals and these .

are accepted as a part of the  wealth of the - country In The 128%

‘analyses by the World - Bank. It would. be appropriate to ensure

that. this expertise s nurtured for the Region. 1t is an exportable
knowledge-based product _
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'3:Funding of r'esearch pmgrammes and development ‘of manpowerﬂ.”

through = -ehhancing avallable mechanisms _ through  Industry -
‘partnerships could have powerful benefits. It was pleasing to note

C the establishment of & ceritre of excellence In Glass at the Pretoria .

o Tachnikcm, _ in association with. Gonsoi (Engmeerlng NEWS, 4 August -

- sz.:ch assaciatlons wi*h Mintek, perhaps' creating  satellite units

- -speclalising ~ In  slectrotechnology - Inhovations wlth Jolnt. venture .

partners ag Is done ln the USA with the power utillties / Electric

- ‘Power - Research-Institute (EPRI) / Centre for Materlais Processing . -
and the manutacturars of prowess Plant may prasent a usefu! modei o

of cc-oper‘atlon R - .1.

o The Techno!ogy Reswrph and Investlgations unft a" ESKOM ma)»#’-_"'_ﬁ '
. have potentlal for . similar nurturing of expertise specifically fors
-end-usé slectrotechnology - develo;:rnen’: and demonstration for metal&\.__.

and. mlnerais pr‘dcessing

"Assoclated ‘gentres - of - éxdelle'nce"" 'm : eleb‘crficﬁ ehg[heér;hg

- departments at hlgher education establlshments could be linked into

the network on a basis of ¢pecific electrotechnolaglies and also. mseal .

fmlnerals or metals developments. Existlng centres of exceﬂenéu of ’
refevance |n this coritext are potentially : ' _

. % Rand Afrikaans -Unlversity for. power alectrontc drlves

- % -University of the Witwatersrand for machines and ‘hlgh voitage

% Unlversity - of Pretoria for quelling of eiactrota*hnology, mining .

. and process. optlmlsation
* Unwersity of Stellenhosch for mlcrowave technology

" This 1 net intended as an exhaustive lis’c but- merely an tndlcatlon
._of the posslbllltles of applying th[s context to research inVestment, :

11 33 : Energy Policy

The elestriclty Intensity of South Africa has been commentad on - o
varjous publications of the Department of Mineral and Energy

Affalrs, The orlgin of this Intensity s associated wlih the mining -
and  minerals sectors. This has Jead to the establishment of a large
electricity supply infrastructure. Glven the minerals résources of -

. .*he country as a source.of wealth and the need to.develop th
weonomy - and create jobs, investment In further minerals Industries -

In‘%pl[es further -energy and - slectricity | Intensive - Industrial
. déyelopment, In ~order to " manhage investment ' In electricity
Infeastructure on 'a natlonal. basls, lncentives for  electricity.
eff!ltiency, load mahagement Including load shaping could be an .
'Important component of anergy policy.

- Stimulation of cost effectlve and e*r-ﬁclent energy for dlrec't thermal_-

applications, other than slectricity, to  minimise electricity supply =

invesiment - in the long term could also be an optlon 8.9, hatural
gas Imports - from Mozambique and . Namlbia, through 1vestment

incentivés and tax structure. Investment in new enacgy efficient
power genaration such as combined cycle gas fired taneration and

cogeneration systems could - be targeted as investment incentives

for forélgn investors |n the minerals Industry and in the slectriclty .

generation sector. The latter would require specified energy policy.
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‘The newly appointed National Electricity - Regulator would require

'_speciflc mandate uo act in respect of rew licanses for - Qenera‘tlon

_:"'he' use of power generation such &g hydro - alectrlcity importad.

‘from Sub -Saharan - African sources to . support growth  of hew- R
minerals industry Investment may need a policy “decision on the'

extent of dependence of the country - oh imported elec‘criclty and

- dlverslf[oatlon of fuel sources for aiectricity geher‘a‘tlon.__ -

3 Creation of a. compet‘tIVe eiectrlc:[ty market may requlre policy N
.. declslons. to.- Introduce - open #access to the  transmission grid, -
- changing it from .a trader 1n . electricity to  a fransporter.of = .
E e![ectrlclty, hence encouraging entry .of . privately owned powar

"11._1-:3.'_4 Envlronmentaf Policy ’

‘The - tdpic of environmental management ami the related issues ls'

- wvery large,.and cannot .be dealt with Inh any. depth in a report of '
~ this  nature, - - However, ‘the - linkage of ‘energy and alectriclty .

‘utilisation * Uup the. chain . of ‘dejlvery. . processes through to.
. production has been . racognlsed as an important means of reshaplng
. 'primary ehergy use and also its conver*slon to electriclty : -

_Non-—ranewahle_;_ nrlmar_y ehergy carriers used. for etec’cricity )

generatlon, such as coal .and nuclear fusl, have been specifically

targetéd for reduced utllisation world w:de New = technhology like
-pebble-bed nuclear' r‘aactor‘s ma,« have a posltWe Impact ol this
debate i _ _

_ Where graatar end-usa efﬂcienciea can hie. achleved through more
effective and-efficlent electrotechhologies, the beneficlal impact -all
‘along  the supply/conversion chain has been recognised. Thlg has
baen a major driving force within the USA regulatory forces which
Imposed spéciflc demand slde management programmes on electricity
supplliers. The increase in env!ronmmntal benefita has howaver bean

. at ‘the cost of Increased Invesiment In energy efficlent customer

~equipment and some Increass In per unit electricity costs. The
latter have beéen par'tlally offeet by reduced energy consumption.
~ The Increased effectivensss In  customer production gquality and
~overall performance has been assumed to make up. the differance In_ _
ihput costs. _ ;

There is evidenc:e that durlng a pertod of- great cancern about the -

availability of oll and lts price during - the 1970’s, major research
funding was made avallable for the development of ehergy efflclent
end-use processes and converslon  systems especlslly in the USA.
Once the immediate cohcern subslded, the level of research funding
diminished, as did the.. innovatfcns in technologles. Regulatlons -
ehacted in the USA requiring elsctriclty utllitles to promote energy
conservation dld however ensure development of efficlent and
innovatlve applications of technology, The development of simitar
Jnitiatives ‘and regulations in the RSA for demand slde management -
o delay invesiment in new power plant through load shapling and
~ @hergy e‘ficlency measures has been & tonic of dabate for some
- times - _ _ _
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Varlous policy research and demonstr‘ation Inl"tta.tives were Iaunched

by . the Natlonal Energy. Council from its inception in 1987. Since It .

. .was restructiired as part of the Department of Mineral and Energy . .
. Affalrs only policy research ‘was permitted This may need to be -
:remnsidared. : R L S C

"me 1995 a Natlonal Eiectricity Regulator' was established This- o
 body has ths right to Issue llgenses for gerieration and distributlon
-of - electricity and “for reguiating . pricing systems and quality of ..
. '_%US‘t!?medr serv]cas against spectflc oriterla whlch st[ll to _ba '
- finalise _ _ _ _ R

:"'Environmentai criteria for- elaotrlclty generation can be expected to
feature more strongly in.the future in licence approvals. The role
of rénewable electricity generation. has not yet. been clar-lﬂed in the =7

energy “ enviranmental rela’cionshtp

mcreaaed Industrtat emlsslons controi requirements will create a S

partially - stimulating opportunlty for elestrotechnologles. that can
asslst - (n reduclng or neutralising. the effects  of waste products

- dnd emissions, ke the plasmsa arc, and may place” ‘some performance' '
'-_tsriterla on the Use of electrlc arc ’I‘urnaces . )

- _;,-: '{

™

11 4 EDUGATION AND TRAINING IMPLIGATIONS e

The emphasls in the curr‘lcuia of e!ectrical englneering departments

-at- universitles and fechnikons. hag for many years been on the .
supply. of electricity and. the use of electriclty In eleactrical motors.
_Until  recently thls has been approprlate and has adequately
otivéred the heeds of Industry as users of electricity and also the
‘glectricity supply industry In deallng with the challenges of supply .
. performance. The comiplexity of designing integrated supply-demand .
- systams with oconsiderable uncertainties has also prcgr'essfve1y
changed tha nature and comp!exity of power syst=m p!annlng, S

With the s‘tronger emergence of substant;al eiecl:mtechno!ogies Cow
assoclated with  thermal processes, dependent oh -a deep
appreciation of materlals scienve and thermodynamics, a new -

dimenslon has been added which has not been part of traditional -

.eurricula . of electrical ‘engineers. . Synergy may be achleved

through  linkage of slectrical englneering departmsnts with multl -

. disclplfnhary engineering facliitles which already exist. An exampla
~may be for: the School of Process and Materlals Handilng at the

University of the Witwatersrand to bridge the gap into end-use

electrotechnologles Tor elactrical engineering s‘cudents from higher_

educatlcnal lnstitut[ons within the region

. 'Most of the technolcgies descr[‘mq are depsndent on sophlstlca‘ted _
- slectronlc  control systems, and _lar'ge loads are electronicafty

sw[tghed

Eiectronlcs deslgners requim a subs‘tantlal Inslght !nto the Impact )

~of thair designs on power - systems. The electrical englhesrs.

- need -an understanding of the Impact of "the electronlc gontrol
 systems on power systems and the means to Ihtroduce appropriate
-~ dnterventlons to retain quality of supply within reasonable bounds.
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N ‘l‘l 5 PROPOSED RESPONSE ’1'0 CDNCLUSIONS REACHED

. Measurement of thess phenomena has a vital rolc to p1ay ln;l'
- success*FulIy ;ntervaninﬂ and managing lnteraotive systems. SR

. ..'nmject managament educatlan and traln!ng to daai wlth the more
-interactlve nature of dssign between electricity supplier and
. electriclty user should be considered becauSe of the nature of new
.. electrotechriologles. - Whether this [s o dea with the work -
_environment which might have a traditional crgaﬁlsat{onai str‘ucture I
- which separates deslgh -and  productlon departments, ln the .
contractually separated- electriclty supply - authority and the - -
Industrial or minlhg customer, it is“important to learn how to déat
. with the change In method of worklng This may Ye considered to
- fall :in the category of "business re—engmeering alraady being
_ -1mplemented in many induatries _

'As has been descr-ibed the revlew covered in th;s r‘epor‘t has lead S

to" some appreclation of the complex and Interralated nature of the
national * resource-rich sconomy, the process regulrements and

tholces Tor the minerals minlhg and processing séctors,the energy.-
© and eiectrlclty hesds and opportunitles, environmental hmplicatlons, .

‘research -and development for the sector, -and education and -

tralning opportunities, Qverarching. Impacts of national policy for

industrial development, ener;y and . électricity,  research  and

development and” educational: ars . fundamsntal to ‘ensuring .a
: virtuous cyt;le of sustainable eoonomic growth e

' The next-part of the report, Section 12, will _cieal' with specific

reco_mm_endatlons following on the findings covéred In Section 11, -

R RECOMMENDATIONS

“From ~ the . . rev!ew ' of _ electrlclty - growth - and 'end’—u'se B
. slectrotechnhologies in the key = ecohomic and ‘electriclty intensive
-gactors in tha RSA, the conclusions reached have bsen covered In

Sectlon 11. . The rscommendatlons mada In t:hls sectlon foliow the

saquence of Sectien 11

12.1__ Recommenda’tton 1

'Pr-omotion of energy efficient. end-—use electmtachnoiogy by *naans'

of an.investment incentlve formula for new plant (nvestment in the
RSA, as part of Government -encouragemsnt of foralgn and iocal

=InVestment In new pmduotlve capacity._ .

1252- o Recommendatlon 2

- Underatandlng of e!ectrlcity Ioad shape, ioad shaplng opportunities-
“should . be extended. through collection and  publication of -
appr'oﬁriately aggregated, formatted demsnd data-for practitidners -

in a u*er«—friendly\\format Indlviduai custOmer' oonﬂdentlall‘ty must

_.___be guarantaed _ 1\
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Establishment - of non-partisan organlsatioh/s to facliitate such
- collection &nd dissemination should be arranged for the beneflt of -
.. enhanced ‘research, developmen‘t and lmp_lementatlon:___f?:_af ehd-use .
alectr‘otechnologies. o _ I S -

. &
R A

. . o . .
W S . . =

1 2 .3_ - Reoommandathn 3

cflt'eria Jor lcensing of hew distrlbution = and 'generation

%

~ participants should Includg - energy sfficiancy - commitments and. a.

frack record - of, or commitment to, par_ticipatt_ng in effectlve--'

- integrateri nesaurce p!anntng

A -means of opa,ﬁiiy debatlng proposed few major lnvestmént n
power systems. ? Ad power -system demand by the variou& p.ayers in_-'--.

- the RSA’shouid

'12.4 Recommandation 4

e enoou ragedh

-

S Pollcy decisions: around the electricity industry structure need o N
- be “made In the very near term, to enable sconomlc development of
. the sector ‘in acoordance wlth “the r-eal needs of 'ghﬁ regicmai-

- jiaoans:amy

Allowlng: competltion through . i'ndep'én'dent power- ‘producers,

quantum atep. .

This would be In Ilné with the"" developed ec'onomles,' and curr'ént o
. developments In Africa, as ah sncouragement to hew lndustrlai and'-.- .
'_power sector tnvestment._ - L _ «

i \.'\._. .

125 . Recommendation 5

Excellence In research and deVe!opment for the mlnerals sector and '

- . facllitated hy an open. acce$s transmisslon system, and astabllshlng-'-_'_;
“the reaschabie level of depsndency on imported primary ensrgy .
~and electrical energy. Is suggested -as the means r::f taking &

potential eleatrotechnologles should be stimuiated by creative State. «

and wItP .globai centres of excellenge.

'_ Untverslty electrfcal, mechanlcal, and materials engineering facu!t:es -
shouid - be funded to. encouyrage and enable tham fo undertake
) research projects of a mult! dlscipllnary nature > _

126 Hecommendaﬂon e

Specific reaearch should be oonducted ':o estab!lsh a reallstlc basis

for energy decislon making In the RSA by clarifylng the debate

- between the opposlhg views of “low cost energy (electricity) is

are heeded to ensure  good energy efficlent declsions for
envlronmenta! health- and hence sustainable eccmomlc health"'

| 1_1:’..

‘[ncentlves Jur "partnering” within South Afrlca, Southerh Afrlca o

“heeded for economlc health” versus "high energy (elsctricity) costs . - . .
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'internat[onaily “this fs an lssus and’ henoe"interh'atronei"spec!a!tefs""-._ :

should . also assist in the formulation of -a proper undgrstanding of
this . complex topic in the local oon_text, partloularly for eiectrloity

S .Supp}y and deﬁwand refationsh:ps

: 12 7 Recommenda‘tlon T

) 'Attentlon ehould be- glven to the development of eteotrlo!'ty'_'_

utillsation - ahd end-use electrotechnology - courses:as an opilon for.

- undergraduate, postgraduate and continuing englneering educatlon,
. at -unlversities and technikons. . . These would  regulre muiti=
“disclplinary. skills currently found: in the separate departments of-
~mechanical, electrical, and metallurgica! engineering to be harnessed o

into taw programmes -

. '_thh “the funding dlffloultiee at te’r‘tlary eduoatlonal establlehments
 thls shouid become an opportunity for Innavative industry Halson -
. and’ support -The - establishment of one or mors ‘“centres of -
_ .excel!enoe with a particular Industry focus might well be a useful -
- model..  This approach has been used suooessfuﬂy in the USA,
' _facili'tated by EPRI and its member‘s s

_'_'12,8 Reoommendatlon 8

) '-The measurement of piant performance, management of volumes of

data;, Interpretation and modelling of process and application

 optlons within a productlon system is complex and heeds at least™ -
- - statistical, computer programming, electrical engineering, production ... .
management and product -specific- skills,  The developmert of.
- courses 1o educate practit:oners in this. area of éngineering
- endeavour, which Is new to South African industry and consulting,
'a!so r-equires putting together dlsclpiines ih ‘a novel fashion, - '

-‘-'The need for. this type of course exists at all Ievets of the
-englnee*'lng educa Ional process. _ T

"-_12..9' Recomrriehd_eﬂon's

Enginesring ‘t;netﬁltutes 'euoh"-"ae_ the South. African Institute of
Electrical Englneers (SAIEE), South African Instltute of Mechanical

Engineers (SAIME), South African Instltute of Energy (SAIE), South
- African - Institute of Minlhg and Metallurgy (SAIMM) should play

thelr part In stimulating debate and extending knowledge in this

“area of end-use electrotechnology fn the mining and minerals

sectors. Creation of Jointly organised events such as conferences,
workshops, visits, ~tutorials, for thelr members should be a
relatively slmple matter. ©~ Thesa should be specifically desighed .
to update tha members on mulii-disciplinary. Interests in end-use
electrotechnology - devalopments, opportunitfes and fmbllcatlons in
the RSA ' . L



Internatiopally this |s"'a;n issue and hence International speclaiists o
should  also assfet tn the formulation of a proper undérstanding of

thls. complax tople In the local con_text, particularly for alectrictty

e _suppiy and dgmand relaﬂonships

: 12.7 RecomrrIen da‘t:cm 7

'--'Attention should be given “co the deve!opment of elGCtT‘fCl'tY'_._

utllisation - and end-use electr‘otachnoiogy courses:as an ¢ption for.

- undergraduate, postgraduate and continuing engineermg education,
. at - unlversitles and technikons. - These - would . require multi~ .
“disciplinary. skills currently found : Tn- ‘the séparate departments of"

. ‘Mmachanlcal, electrlcal, and metal-lur._gl-ca_l-'engine_erln_g'to be -h.arnasse.d o

Into AT pr'ogrammes y

 With the funding difﬁcuities at tertiary educationl estabhshments i
" this should becoms an apportunity for lnnovative mdustry llalson

and support “The - éstablishment of one or more “centres of - B
excellence” - with a particular industry focus might well be a useful

- model, This approach has been used successfuﬁy ln 'hhe USA,
'__facllltated by EPRI and 1‘cs members. e

_':128 Recommendatlon 8

" The - measurement of plant performance, management of volumes of

data, Interpretation. and - modelling . of process and - application

 optlons within a production system ls complex and heeds at least -
- statistical, computer programming, slectrical englheering, production. .

management and product  speclflc- skills.  The development of.

courses 1o educate practitioners In this. area of enginesring
" sndeavour, which ls new to South African Industry and consulting, -
'also requlres putting ’cogethar- discipllnes Ina novel- fashlcn.- '

--'-'The need fob this type of course . ex!sts a.t all Ie_vels_ of the
-enginee*ing educational process. D _ o

128 Reoammendation 9

Eh.g-inée'ring Institutes such  as the south Afrfcan Institute of
Electrlcal Englneers (SATEE), South African Institute of Mechanical

Englneers (SAIME), South African Institute of Energy (SAIE), South
- African - Institute of Mlning and Metallurgy (SAIMM) should play

thelr part in stimulating debate and extending knowledge in thls

“area of end-use electrotechnalogy in the mining and minerals

sectors, Creatlon of jolntly organised events such as conferences,
workshops, visits, ~tutorials, for thelr members should . be a
relatively simple matter. -~ These should be speclfically deslgned

to update the members on multl-disciplinary interests in end-use .

electrotechnolc:gy develapments, opportunltaes and Implications In
the RSA B '



- "The  recommendations made represent some - kay areas of decision ..
~ making -and opporiunity revealed by the review conducted forthis . >

T report. ¢
. KL

i
i

" The scope of the  topic coverad In  the report has greater imgact

than -the end-use slectrotechnologlfs - themselves because of the .~ =

- -context. and Interconnectedness of electricity supplier and the key

" sectors Which are the end-usars, and the economy of the country, =

' The Impact of the efectriclty supply - demand chaln on the natiopal

- economy and its assoclatéd:eneray economy, Is significant aga
.- -resuit. of the energy - Intensity, the capital investment and labqur

. Disglalmer .~ oo U e e

" The " vlews expressed In this ~report are entiraly my own. They to

not reflect the Views of my former employers ESROM, or the South

' ?_"p.--Af?‘icah” Instityte of 'E‘i’ediriggal: .Englneers (SAIEE)} of which I have .

" “''besn’ a Gouncli’ Member for 15 years and an Office Bearer since ~ -

L Aeet

.

T

R I
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