
Univ
ers

ity
 of

  C
ap

e T
ow

n

 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Sut,mil:ted to Town 

In 

2004 
ENERGY AND DEVELOPMENT RESEARCH CENTRE 

Town 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I, Mrurgaret It is 

hn~~me:enllg t~:nerlO' stlldles) at It not 

any or examllnatlon at any 

M _______________________ -----

uj 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I 

I 

I am lO'.<""'''''''''' 

IS aecllca.tea to my m(1ithf:r 

~V'>"HJl"'. I am J"" .......... ' .... to 

my 

to 

me 



Univ
ers

ity
 of

  C
ap

e T
ow

n
a 

on 

IS 

to assess 

cost recovery str:ategu~s on 

to assess 

In aOOHlOn, 

is 

pf()gr.am was 

neve:n:n.e1t~ss ensures cost recovery over a 

costs cost 

cost 

to 

uses 

it 

nrt\ ...... ·!>rn outcomes. 

nn·"1T1"'''' , ........ ""~t on 

to 



Univ
ers

ity
 of

  C
ap

e T
ow

n

DECLARATION 

ABSTRACT 

TABLE OF 

LIST OF 

OF TABLES 

LIST OF 

LIST OF 

LIST OF ACRONYMNS AND .MI.JU'V''''''''''' 

1: ECONOMIC AND 
ENERGY POVERTY 

1.1 

1.2 

1.3 

1.4 

Economic 

The energy sector 

1.5 
1.6 

CHAPTER 2: PROBLEM 
METHODOLOGY 

2. Introduction 

energy in Malawi 
in Malawi 

areas in Malawi 

and scope 

RESEARCH HYPOTHESIS AND 

2.1 Statement of the 

2.2 Research 
2.2.1 

2.3 ele,etrific.aticlD program in 
in net 

2.3.1 
2.3.2 

•• ,.'"""L .... ".:l.UU' .. program in 
net 

2.4.1 
2.4.2 

2.5 The and data 

n 

iii 

iv 

v 

viii 

ix 

x 

x 

xi 

1 
1 

2 

2 

3 
3 
5 
6 
7 

8 

9 

10 

10 

10 

11 
11 

12 
12 
12 

12 
13 
13 

14 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2.6 
2.7 

2.5.1 
2.5.2 
2.5.3 

Research "' ...... "''''.!'>''''' 

area 

15 

15 
16 

CHAPTER 3: STUDY FINDINGS AND DISCUSSIONS 18 

18 

18 
18 
19 
21 
22 

3. 
3.1 

3.1.1 

3.1.4 
3.1.5 
3.1.6 

3.2 

3.2.2 
3.2.3 

3.2.3.1 

3.2.4 
3.2.5 
3.2.6 
3.2.7 

3.3 

3.3.2 

uv",ur.., and lec,nnc'toJ!~ used 

25 

25 
26 
28 
30 
34 

38 
eleculW~ltiL'nm 42 

52 
55 

elec:uifical'ionprogram 58 

62 
63 
65 

CHAPTER 4: LESSONS FROM SOUTH AFRICAN ELECTRIFICATION PROGRAM 67 

~ ~ 

4.1 
4.2 
4.3 
4.4 

4.5 

CHAPTER 5: 

5. 

Drivers and 

4.4.1 
4.4.2 
4.4.3 
4.4.4 
4.4.5 

4.5.4 

CONCLUSIONS AND RECOMMENDATIONS 

5.1.1 
5.1.2 

side benefits and costs 

67 

68 
70 

78 
79 
79 
80 
81 

83 

83 

84 
84 
85 

vi 



Univ
ers

ity
 of

  C
ap

e T
ow

n

5.1.3 its on cost recovery, revenue intake 
consumers. 85 
5.1.4 87 

5.2 Demand 88 
5.2.1 88 
5.2.2 energy 

90 
5.2.4 91 
5.2.5 92 

5.2.7 95 
5.2.8 

REFERENCES 98 

APPENDIX 1: GLOSSARY OF TERMS 102 

APPENDIX 2: SUPPLY SIDE 104 

APPENDIX 3: DEMAND SIDE 110 

vii 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 
4 

19 

viii 



Univ
ers

ity
 of

  C
ap

e T
ow

n

ix 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1: 
2: 
3: 
4: 

~n,mn'O' fll~CTlUlrltS,m .......................................... 51 

x 



Univ
ers

ity
 of

  C
ap

e T
ow

n

CHAPTER I: MALA Wl, ECONOJ\.UC DEVELOPMIl:NT. 
URBANISATION AND ENERGY POVERTY 

1.1 Geography and demography of Malawi 
Malawi is a Southern African couutry situated ""tween latitude, 9°10' and In' South and 

longitudes 32°41' and 35°56'East and is bordered by Tanzania. Zambia and Mozambique 

(Figure 1). The country has a tOial area of 118 484 .quare kilometres, of which 20% is covered 

by water bodies, including Lake Malawi. According tQ the National Statistics Office (NSO). the 

jJQpulatioo in the country grew at an average Qf 1.9"10 per annum ootween 1987 and 1998 and 

stood at 9.93 million inhabitants in 1998. The Population and Household Censill further 

estimated that the national populatiQn density in Malawi stood at 105 person, per square 

kilometre of land in 1998 and (bat up to 49"1, Qf the Malawi population comprise. of males 

while 51% are female. (NSO, 2000a: 7). Meanwhile females bead 24~, of Malawian 

households. Up to 86% of the Malawi PQpulatiQn live in rural areas. 
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Figure I: Map olMa/owi 
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LIST OF ACRONYMNSAND ABBREVIATIONS 

AC Alternating current 

AFREPREN African Energy Policy Research Network 

eRn Compact ready boards 

DC' Direct current 

DME Department of Minerals and Energy 

DOE Dt:partment ofPnergy 

EDRC E"",gy Development and Research Centre 

ESCOM Electricity Supply Commission of Malawi 

Eskom Electricity Supply Commission (the South African power utility) 

GDP Gro .. Domestic Product 

GW Giga Watt 

GWh Giga Wall-hour 

]ICA Japanese International Cooper.lILo" Agency 

Kg Ki lograms 

kW Kilowan 

kWh Ki loWlltt-hour 

LPG Liquefied PetrolellIll Gas 

.MX Malawi Kwacha 

MW Megawatt 

PVC Poly Vinyl Chloride 

SADe Southern Africa Devdopment Community 

SARPN Southern African Research on Poverty Nem'ork 

SME(sl Small and MediumEnterprio;e{s) 

US$ United Slates Dollar 
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1.2 Econo mic d Cl 'elopme nt and pove rty in M a lawi 

The .Malawi economy is dependent on agriculture, mo~t of which is ~ub~istence fanning. A 

total of 2.2 million fumilics out of 2.9 million families in Malawi, repre~ting 76~, of 

Malawian households are involved in subsistoocc farming on about 1.8 million hectares of land 

(NSO, 1998). A total of 60.40/. of all export~ are tobacco exports, while tea exports and sugar 

exports contribute 9.10/0 and 9.()')/, respectively to Malawi's exports ~amings (NEC, 2002:14). 

Agriculture constitutes 40.30/0 of the GOP, (NEC, 2002:14-16) and agricultuTllI products 

comprise 8()0;, ofall exports. Agricultural activities provide 45% offonnal employment (NSO, 

1998), clo~ely followoo by small and mediwn scale enterprises (SME,), which employ 38.5':1, 

of the country's labour force. The SME sector contributes 15.6% of Malawi's GOP (NSO, 

2()()()b:8). 

In 2001, Malawi's average GOP declined by 1.5% per annwn (NEc, 2002:6), compared to an 

~verage GOP growth of 1.95':1, per annum in tb~ Southern African Development Community 

(SADC) (Madakufamba, 2003:6). GOP per Capit~ in Malawi stood at an estimated USS 141 

(SADC, 2003), qualitying Malawi as one of the least d~veloped countries. In terms of tbe 

Human Develop""'nt Index' (HDl) ranking, the country ranked 163 out of 175 countries in 

1998 (UNDP, 2OO2). 

Mal~wi ~ocial indicators further highl ight the poor socio-e<:onomic statu~ of the country. Infant 

mortality in 19n was at 137 per 1000 live births. which was higher than the SADC average of 

107 per 1000 live birtb~ (SARPN, 2(03). Under-five mortality stood at 124 per 1000 births 

(NSO, 1998). Life expect~rx;y in 1998 among men in Malawi stood at 37 years and at 43 years 

among women, witb an ov~rall ~verage national life expectancy of 39 yearn (NSO, 1998) 

compared to tbe average life expectancy of 49 years in SADC in 1998 (Malaba, 2001:28) 

Up to 76% of employed persons in Malawi are employed in subsistence farming (NSO, 1(98) 

md hence their earnings are low, seasonal and susceptibl~ to weather patterns and natural 

disaster'. 

l.3 The Malawi energy sector 
At national level, about 94% Malawian howeholds deP<'nd on biomas.<; for their energy neoos 

(NSO, 1998) and only about 60/0 of the population h~s access to electricity (Potani, 2002. Pers. 

Comw.). According to Semn and M~w~ya (1999:12), the Malawi household sector wes three 

L An ;n<lex u~ '0" to " ... ""'" overall dcv.lopm<nut >chi<><"""t, b>,od on lon,gevity os moosured by tife 
""l",,'oncy.t birth. """""non .'hirnn"nt 1lX",_d by combin<d ",,"it lit .... cy and g",n enrolmen, r.'io and 
,ttndaTd ofliying '" r""""ul'<d by GOP »<' ,"pi,. b), purcho'ing po""r parity. 
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times as much biomass fuel as the agriculTUral sector and twdve times as much as !he industrial 

ilCctor. 

Hydro-power is the dominant .ource of elo;tr icity, providing Qver 90% Qf the CQuntry's 

elo;tricity production. Oilicr JXIIcn1ial oources Qf electricity include =1, solar and bagasse, but 

the.e ar~ under-utilised due to poor planning, limi(ed financing and lock of technical experti.e 

among otm,r factor!; (Matinga, 20(3). 

lhe household sector CQnsull1CS tm, smallest alllQUnt of CQmmercial fuels, accounting for S';' of 

the commercial fuels share, while the transpon sector accounts for the largest share, at 42%. 

lhe agricuimral sector consume. 12% whilst the industrial sectQr CQnsumes 19"10 of all 

commercial fuels in Malawi (GoM,200la:13). 

The final energy balance in Malawi is such that tlrewood and char=l comprises 93% of the 

energy balance, while petrol~um prooucts comprises 3.5% (Go11, 200la:J2) of the energy 

balance. Electricity, coal and agricultural residue. contribute 2.3%, I % and 0.2"/ . respectively. 

O:mcerns over (he over-depcnden"" on !raditiOllaI biomass contributed (0 the development of 

the first ever, CQmprehen.ive energy policy in Malawi and power sector reforms in 1998. The 

overall goal oftm, Malawi energy policy is to ·promote Malawi'. <ocio-economic development 

and contribute to poverty reduction, through sustainable provision of equitable, efficient and 

affordable energy service.' (OoM, 200 la: 17) 

Power sector reforms were in.tituted in an effwt to improv~ the performance of (he eb:ttidty 

sector which faced problems that inclllde .low progress in e1e~tritication, capital constraints, 

p<Xlr technical and fmancial perfonnance (including revenue collection and tariff setting) and 

IQW human capital efficiency (Chiwaya, 1999, Matinga, 20(3). 

An a..sessment of the legal and regulatory framework and the progres< of tm, power .~ctor 

reform. however .howed that liule attention is paid to the energy need.. and electrifLcation of 

the urban poor (Matinga, 20(3). In practice, only One pilot program has attempted to add", .. 

aocc« to electricity among !he urban poor and One other program u."" prepa}'ITl"nt mete," to 

improve affordability of electricity and reVenUe coll""tion among middle-income urban 

resident •. Both the"" programs have been carried out On a small scale. 

1.4 Urbanisation, poverty and energy in Malawi 

1.4.1 Urbanis~tion and po,"erty in Malawi 

AlthUlgh Malawi is primarily rural, ,vith 86% of its population living in rural are~. (NSO, 

1998), the urban popUlation is increasing due to both local pOpUlation gro\\1h and rural-urban 

migration (Figure 2). This trend is likely to continue in the long term and the Malawi State of 

, 
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the Environment Report, e.tirnate~ that in 201S, !he urban population will h""" increased by 

3660/0 from IgS81evel when less that 1 million people Jived in urban areas (GoM, 2oolb:23). 

"" 
'" 1----
'" 1----
'" t--
'" +---
"+----

19££ 1977 1987 1998 

IEl Urban population • Rural population 

Figure 2 .. Urban and rami populfltio" gro_ tl"l!nd. in Maluwi (1966-I998) 
Sourc~: AdflPt~dfTt)m NSO. J99N 

In addition to Ihe increasing population in urban areas, the population growth in urban areas is 

higher, at 6.7% per annum b=en 1987 and 1995, compared 10 the national population growth 

of 1.9%, between the same period (NSO, 1995). Urban population growth rate in Malawi in 

1 ggg was also higher than the average urban growth rate in Sub-Saharan Africa of ~.20/0 per 

annum in 1999 (Karekezi and Majoro, 2002:1015). 

The urbanisation trend in Malawi is exerting pressure on existing infrastrocture and increasing 

the demand for public goods and service. such as energy ~rvices, water, sanitation, and health 

facilities. In 1977,44% of the population in Blantyre, Malawi's commercial clly district, lived 

in unplannoo squatters and Traditional Hou.ing Areas (1"HAs) and by 1999 thi! percentage had 

increa.ed to 550/0 of the population in Blantyre (GoM, 2oolh: 13). In 2000. 700/;, of the urban 

population lived in UTA., signifying increasing infrastmcture needs. Population density has 

also increased in the main urban centres of Blantyre, Lilongwe, Mruzu Citie. and Zomba 

(Table I), whe", the population density has nearly doubled from the Ig77 level. (OoM, 

200lh:22). 

--
,,~ 1fJ!)T 1987 l !X"m 

",,"~ '" 1 ~;q m 
Blantyre 

M7LJ7LJ 

ZOO1ba 

- -

'"' ~O 40) 

~ " 5'.1 

m m / 1) 
. . 

T ab/£ 1. PIJpumlwn d~ns'lJ' In main urban centre. In Malaw. In p.",wn" pu '¥utlr~ km 
Source: GoM, 2001 

The Integrated Household Survey conducted by the NSO in 1'J98 .howed that up (0 55% "fthe 

populatiou in urban areas in Malawi live helow the national povrny line (NSO, IggS). The", is 

• 
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also increasing poverty in Malawi urban areas, as illustrated by the fact that in 1994/95, 75% of 

all urban h"""eholds had incomes of less than US$ 133 per household per month (GoM, 

200la:14) while over half of th~se had incomes of I~ss than US$ 76 p.:r household per month 

and 26~, earned less than US$)) per hou""hold per month. III contrast, an analy,i8 of 1998 th~ 

Int~grated HCIU8chold Survey data shows that up to 75.4% of urban households had monthly 

incomes of less than MKlOOO per household per m:mth (NSO, 2000a:13) which in 1998 wa, 

equivalent to US$ 14 or US$ 67 in 1995 t=. Intlation is also ofkn higher in urhan area, and 

was at 4).3% in 2()OO while in rural areas, inflation was at 29.2% in 2000 (GoM, 200Ib:14). 

Urban unemployment in 1998 wa, eo1imated to be 46.5% (NSO, 1')98) Mcanwhilc the national 

GDP contribution of the manufacturing &octo.-, which is a 8ignificant employer in urban arcas, 

dccrC1l8ed by 14.2% in 2001 after another det:rease of 3"'{ in 2000 (NEC, 2002,6). One rea'on 

for thi, i, the closing down of a number of companies, reslllting in substantial 10," of 

employment e,peciaJly for poor urban dwcllo:l1i who supply labour to the manufacturing 

indlltltry. 

The HIV/AIDS pandemic has also contributed to rising poverty with "n iocre"se in ~ingle 

parent houoeholds, child-headed households and increase, in number of household member8 

<kpending on decreasing resonrce, per capita as wage carners may be unable to work due to 

sickness or death and as famili es take in AIDS orphans. In 2001, UNlCEF e'tirnated that 

Malawi had470,O()() AIUS orphan". between the age, of 0 and 14 (UNICEF, 2()())). 

1.4,2 Energy use and poverty link5 in nrhan IIrnS in ;\hl~wi 

Only )()",1, of the urban poplliation had acceSS to electricity in 1998. Up to 6K20/0 depended on 

paraffin for lighting and for cooking, 69"10 of the urban Poplllation dep<.nd~d on firewood whilst 

15.5% oftht: urban populallon depended OIl charcoal for cooking (J'able 2). 

Sourc~ 

L"hli,,~ 

Cooking 

I ira',""","" , (,'''",-c'08/ Electricity P~roffln C,mdl8S '"' I C;russ 

" 5ll.0 

10 27.5 ~, '" 
, , 

1 ~ L ~, 13.3 

" 
, ,. , , 

IUiJle 2, t uel used for IIghlmg and cookmg '" UrlKllI Ar_, in Malu,..i 
s.JUrc~, Adapted/rom foI.W), 199~ 

II. ~, 

0.1 

No,,~ 

0) 

11.2 

The wood and charcoal consumption per copit" fo.- urban hOlltl~holds in Malawi WlI8 estimated 

at I,I20kg ~quivalent of wood per annum COITlpored to 680kg equivalent of wood per annum for 

rural hoos..holds (GoM, 2001b:165). This mean, that urban hcus..holds cOn,lIme an average of 

1.65 lime' more wood than their mral counte rpart, per capita per year. 

The higher equivalent wood usage per capita in urban area, implies that in tenns of energy use, 

urban populations contribllte more per capita, to fir~wood related d~tOrestation than rural 

, 
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Income 

income households 3.1 

12.4 

1.0 

Industrial 0.1 

Table 3: Occurrence in urban areas in Malawi 

In areas, 

sector 

NoofEi n, 
~ of Total 'J .~ ."'" 

1 44 
2 30 

3 10 

4 6 

Total 90 
Table 4: Cor .:. I of micro- o .. to .... ,.;."." in Malawi --'r --~ 

Source: 2000b 
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3. 1.4 Eledrl city tariff. and co. t r cco,'cry 

Elcctricity tariffs for the :Mbayani electrification program are based on the conventional 

domestic tariff structure (fable 5). 

Units (kWh) per montl ) 
, I )x" d chocg" I' or 111"""1.1) in MK Uni! .cl!".'ge in _MKlkWll . _ , 

First 30 lJIIits 12.')6 1.57 
~ . 

tn e. cess of 30 units I"'f month 2.2H 
arid I""s than 750 un its 1"" 

~"" 
In excess of 150 ,-" its I"'f month 3.25 

,D m~ .• tic hlri . ..uuc.u .... In F&i,u "'Y,2003 

Since hou;;eholds with wmpact ready boards are not fitted with meters, a fixcd ratc tariff is 

used to bill customers. Tariffwas initially sct at MK4\o per household per month at the onsct 

of the program in Jnnc 2001 and had risen to M)(550 per household per month by the time the 

survey wa. carried out in 2003. This fixed monthly payment includes a contribution of MK85 

towards cost recovery of compact ",ady board costs. Only one tariffadjustmen( has been made 

from the time thc program was implemented to the time of the study although domestic tariffs 

have changed more than once. This signifies that the tarilT in Mbayani is not .trictly linked to 

the conventional domestic tariff and it was not clear from the interviews, how this adjustment 

was decided. 

" 
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Each oompact ready board unit cost the utility an average of MK3, 000 and households were 

chargoo MK5, 700 pcr connection which is to be paid Owr a pooriod of five years (Kabwazi, 

P~rs. Connn.20(3). Although information OIl the exact overall costs was unavailable from 

ESCOM, newspaper reports based on illlerviews with ESCOM officials at the OII,.,t of t~ 

program rerx>rted thatt~ program'S costs were at an estimated MK1 million (Mchulu. 2000; 1_ 

3). 

Although tn.,re is nO data On cost recovery, ESCOM's Marketing Manager estimated 40"10 of 

the compact ready board costs have been recovered, but that the rerum on investment is very 

low (Kabwazi, PeTs. Comm. 20(3). Meanwhik, ESCOM has concluded that although tk 

compact ready board rechnology and current limited supply arc good supply options for urban 

poor households, they are bel\er suited to rural area:< rather than urban areas because poor urban 

households want to use lheir ele.:tricily for a wider rang<' of activities, including Sills 

especially Welding and spray painting (Kabwali, Pers. Comm. 20(3). This condusion is based 

on anecdotal evidence since a progres.s analysis has not been conducted)'l't. 

The payments for these compact ready boards are part of the monthly tariff and therefore full 

recovery oftheir oosts depends 011 the households' ability to pay for their ekctricity bills for the 

entire 5 )'l'ars. Th~ fact that non-pay=nt of bins results in discontinuity of electric ity supply 

may be an affective risl< hedging mechanism that motivates households to pay their bills and it 

is therefcm;: likely that all the costs will evClltually be recovered. 

3.1.5 .,;rice! of tariff dc.ign on utility'. rcwnue. 

The lack of program specific data hindered detailed analysis of effocts of the tariff design on 

the utility's revenues and profitability. However, analysis of fiuanciai darn from the electricity 

regulator shows that the utility ha, maintained its costs at an average of6O"/o of its ~venue and 

a profitability averaging 34.5% between 19£iO and 2000 (Tab)" 6). In addition, an analysis of 

the emtorner composition bailed on 1999 data shows that reveuueS from the ~ntire domestic 

"""tor contribute 16% of all rev""ues collected by the utility and the power sold to the domestic 

soctor represents 29% of all the po"",r sold by th~ utility (ESCOM, 1999). It is therefore 

unlilely that roWnue, and profitability of the utility are adversely impact~d by the tariffdesign 

of Mbayani low cost e1ectrificatiOll program since it targcted 150 households only whi le 

ESCOM has a customer base of about 110,000 customers. Also in the short term, households 

h:lve fewer appliances and so their electricity oonsumption kvels are low. 
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" ---

I '"'' '"" 19911 MY ,- 19941 19951 ,- 19971 MW 
'00 "' "' "' ~ " 00 " 00 ~ 

"-
Re.enLJellJniI ! 
(Ti'KWM) 11.5 12.5 12.8 198 211 29.9 ! ~8,9 618 "" 133.5 

" 
___ ,o_ r- -

CosLiUnit 

(T!1<Wh) " '" " '" " 15.2 25.8 393 61.7 101 .3 
" ...• " ., " , 

Cost/RevenLJe 55'/, "~ 61% '" '" '" ~,. ~, '" 76',1, 

f-p;;:;fit~:)iIltY '" ~ " '" " , 3~ _t " " 
:;f-

(~.) 

iii - , , r;'; . in Eo " rom 1989 t r"ble 6. Revenue, costs andprojilab I) (ife eel, I) ~CO fi ,.. , 
Sourt'e: GoM "lid JICA,2002, I'orani 2002 

Adoptmg the tariff design in the Mb"yam declriJicalion program fur urban ckclrilicalion 

programs utl a larger scale WQul,i howewr have !legal;", llllplicanolls On reVCnue mlake "nJ 

proliwbilily of FSCO~l <;nee the flat rate tJriif <I~,ig:n us~<1 in Mbayuni is 00\ respollsive to 

chang~s in ~on'umplio". There i< therefore need to r"coll,id~r tariff d~~ib'II III pro-poor urban 

electrificmion iniliatiw,. 

In additi,,".. h"usehol,is ar~ likely to aC4ui!'O n\()!'O app I iatlccs an d it i< likely that the uti! ity wil I 

~"p"ri~ncc negative retllms .from m~r~asing cotlsumptiutl in the pmgram area. Furthermr>re, thc 

lJl{)nlhly tlat rate tariff ,i~sign provides nO incenti"" for dllciem u.,e "f electricity and may 

exacerhate rev~nue Io",,,s a, r~aj ~on~umption cxc~~d< the consumption level upon which thc 

n\()mhly flat tariff"",,, based, For the utility, increa<e in cotlmmpti"n hy comllm<:rs re.,uit< in 

decreased revenu~, sinc~ th~ !'OWnue i~ cotlstam (T'igure 4). 

" • ." >" 
'5 :;: 

"" d 
0< ,,, · --- , 
• • >-

"" - . 
'" 0 0 

" 0 • 0 

" " '" EI~ctricity units uSl!d pl!r month in kWh 

Rl!vl!nul! basod on convontional domos!ic tariff (M K) 

--Actual revl!nuO basod on flat rat .. tariff (MK) 

H",,,~ 4: Model Ileph,tiIJK rc>enu€ trends of con"cnI;onai domestic /ariff "em" flat rate toriff. 

The lack "f detailed research may have conlrilJ.ukd to th~ llllpkm~llIalion of a tarilT strudure 

that ha., tlegative implications on tl", utility's re"~n"" lor wi,kr ""ale applications and lor lh~ 

long tcrm. 
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3.1.6 Sup ply side summary of findings 

Based on the limited data from the utility. it may be concluded that. major weaknesse, of the 

Mbayani electrification program have been the lack of detailed ", ,,,arch and planning and a 

poor tariff design. This hn ",,,!Ited in implementati<:m of a program that has no substantial 

benefits for the supply sik The cost< that the program ~ses on the utility exceed the 

benefit. that the ut!lity realises Nevertheless. Illliess the F'"ogram is carried out on a larger 

scale, any negative i~cts on financial perrormance of the utility are minimal and not a threat 

to the financial perfonnance ofESCOM. 

It is interesting to note that a decision has been made (albeit tentatively), based On anecdotal 

evidence not to proceed with compact ready board low cost electrification programs in urban 

areas, before carrying out an in-depth analysis of tl", impact of the program on u..,,,· 

livelihoods and investigating the bottle-necks of the program design to find solution,. As with 

planning at the onset ofth" program, ESCOM illustrate. its p"'ference for a lop-down approadl 

and limited research in fmding solutiOOil. 

3.2 Demand side findings 

Thi, section presents findings from the demand side survey and aims al eXllmining how the 

electrification program affects the newly electrified households. TI!e section is presented in R 

;-ub-ilection,. starting with a o;ection on de.cription of the sample and a discussion On the 

program launch. The following ,ub-soctions then deal with the following finding, and 

discussions; 

• Household incomes. 

• Key househotd e~penditure,. 

• Electricity payment mode and tenus Wl<1er the low OOSI prognun. 

• Fuel use before and after ele<.1rifirntion. 

• Appliance acqui,ition and mage aJtc,: el...:trifkation. 

• The irryact (hat elcctrificationha, made on SMR, in Mbayani . 

• U..,,",· pen:eptions of compa~i board electricity 

The aim of the demand side survey is to investigate the bo.nefits and cost, lhat accrue to users of 

electricity in Mbayani. Thle to some im'a1id Or unreliahle responses, in certain sections, the 

nllIllb~r of ",spondent. varies. Thi< is taken into con,ideration in the analy,is and so ,he 

anaIy,is is based on the valid sample only. 
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3.2.1 S:tmple dc'r~ip!i"n 'Illd prugram bunrh 

An ~s!ima!~d 150 hOllseholds w~re electrified in Mbayani in JlIne 2001 using compact ready 

boards and a lotal of 51 households were interviewed for the study. representing 35~o of Ih~se 

newly eleclriJied households. In lerrns of the gewler distribul ion of I he respon(\enls, 57% of Ih~ 

respondents were female household members including either mOlhus or wives and daughter. 

over the age of 21, while 41'1. wer~ male hou,ehold memhers including eilher fathers or 

hllSbands and sons Oyer Ihe age of 21 (Tahle 71 

_. _ .. -
Respondent Position in ilD<ISGI>oid Pwc"nJ"f}e 01 sampl9 pop,nation 

Female MoIherlWil~ " Daughter , 
. 

~. Fath",/Huoband W . . 
~" " . 

Talal 100'A, 
.. 

'['uble 7, RUPQJI(/en" by t.:euder and I',,",'irian iJ/ hauuho/J. 

Oftl", 53 households inteI'.'iewed, 83"/0 Were male-headed households while 11% were female 

headed and 4% were headed by both male and female (Table 8). 

Hoo,,,,Wd Head PtKcenl" ge of ""'lfJ'" popuilliion 
44 83 , , 
" 

Tab/~ 8: IIml.\'~JIO'" "~ud.,"ip by gender 

lOG% 

In terms of household size, the small~sl households had occupancy of 2 per.;ons per household 

while the larges( households had 10 persons per household, The average household siR was 6 

per.on, per household (Figur~ 5). 

Number of Occupants 

Figure 5: Di.,lribution oj n"mber oj ho"s~hold occul""'/\ in Jlb"yun; 
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The average hou,~hol<l size in sampled population in Mbayani is 50% higher than the average 

household size in Malawi, whieh is estimated at 4 persons per household (NSO, 199~'14). 

Higher household sizes are typical in poor households in urban area, because such households 

are more likely to foster persons from extended fumilies_ 

In terms of house oWllership, up to 87% of the houses are owned by the householders while 

11% were rented_ Only 000 re.pondent reported that he was in the process of buying the house 

he lived in. The high level of hou", ownership in Mbayani is consistent with household 

ownership patterns among the poor in Malawi. Up 10 86% of the poor Own their houses in 

Malawi (NEC, 2(00). In Mbayani the high rate of house ownership may be attributed partly to 

the fact that the poor ollen liw in unplanred areas and their plots are obtained either "free of 

eharge" or allower prices from traditional leaders or commnnity-elo;:ted leaders. Some of Ihe 

residents of the township were given pieces of land "free of charge" by the colonial era 

government after being displaced fmm what arc now the eity centre and the low and medium 

density suburbs. Mbayani resi(\ents often build their own house, or acquire lahoor from within 

the community and improve the hon",s over a period ohime. 

It should be noted however that most of the poor <10 not have legal tenure and at a national 

level, only 15.80/. of the houses are pennanent, while 18.40/0 are semi-permanent and 65.8~, are 

traditional and not permanent (NSO, 1998). Most honses in the sampled area in Mbayani would 

be classified as semi-permanent, having been constructed using un-burnt mud brick.. 

Befure implementing the low cost ele<:trification program, ESCOM held a launch mooting to 

introduce the program to the comnIlmity. Of the interviewed household sample, up to 68~, of 

the respondents attended the launch meeting, Of the 32% that did not attend the launch 

meeting, 6% were tenants who had rented their homes aIler the e\octricity had already been 

installed. Of those that attended the lannch meeting, 550/0 were male, while 45% were female. 

Up to 860/0 of those that attended the launch meeting understood lhe program specifications 

including connection costs, tariffs, capacity constraints and uses, which lraTllilates into 58.50/0 of 

the total sample interviewed (Table 9). A tom! of 65% Oflhooe thai <li<l nor attend the launch 

meeting understood the program provisions, translating inle 21% of Ihe s.ample hou . ..,hold 

population. 

Ur>ders!~r,'d Did fIO/ WXJ9rs/and 10/01 

~!~"I!;d ;i~.5% 94')0 IXI'Yo 

1M nr:-! "Itm~ '" 11% 32% 
-

Tc-tal '" '" 111(1% 

Tabl~ .9: <1ttmdllnc<' of launch muung mId Ulu{er"lallJ;ng a/program spedjic .• 

" 



Univ
ers

ity
 of

  C
ap

e T
ow

n

In loIal 79"10 of the rcspondents understood the provisions of the clectrilicatioD program while 

21 0/0 of the respondents did not underotand some as!",cts of the electrilication program. 

There is a higher level of unokrstanding of how to use "l~ctricity and its other provisiOlls by 

those thaI attended the launch meetings C<Jmparcd to those that did not attend launch meetings. 

Thi , indicates thc need for dialoguc to cnsurc understanding, which may contribute to 

households beneliting more fully from tlreir newly acquired electricity. 

3.2.2 Hou.ehotd incom .. in i\lbayani 

Thi •• ection discusses finding. related to income, in the sampled households in Mbayani. Some 

households were unwilling to rev~al their income, because they con, ider them private, while 

othcr respondents were unaware of their household incomes if they were not the income earnerS 

in the household. As a resnlt, only 37 respondents, representing 70"10 of the sampled households 

revealed their income. and hence all household income. related analy.es are examined based 

on the specilic population valid for this section. n.e purpose of the section is to understand 

income flow panern., income levels and distribution patterns as a basi, for understanding the 

effects that changes in fuel use can have on the electrified hoDS~ holds and how these relate to 

household incomcs. 

J"cI>ml! flow patterns 

Nthough some income flows patterns in the sampled households are not monthly keaus" of 

their varying sources, households generally categorised them in monthly terms. 

T1Ie survey found that the .ampled hous~holds in lvIbayani often have more than one SOUrc" of 

income. In Mbayani, main Sources of inco= include employment, food sales, house rentals, 

sale of imported second hand clothes, kiosks, sale of charcoal, sale of water and remittances. 

On average, households have 2 source. of income per household and the highest numocr of 

sources of income per household was 6 (Figure 6). 

• ~ " 0 
c • " • • • 
" '" -• 
" , • " , • " " 

Sources of Incomes 

F;,:"re 6: N"m~r "f 5I"''''~' of income in ,oa/id romp/ell h"u.,~h"ld. in Mbayuni 
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Average house/wid il/comel' in MbarlJJt; 

Th" m'erage monthly in~o rne mth<; vahd ,ub-,ample of37 huusehold, wa, MKS, 478.24. nw 
hig:he't incume recur,kxl w,,, MK33, 000 p~r hous~hold peT month whilst tbe low"st ,1V~mg~ 

monthly income wa, /v1K300p eT hous.ehold (t'igme 7). 

0 

• M 'WOO • E 0 
0 30000 

0 N 

• 
U 0 25000 0 

';' "' 20000 -" 
" u - • 15000 o , 
o. 
E ._ 10000 · , o· 5000 •• •• , ., 

• 
••• 

• ••••••••••••••• 
, 

" " I. Household 1 

Figure 7: Monlhly ar~,""ge inc"""; in 'ut;,/ '''mp/ed h"u ... h"ld" in Mbay''''; 

Of the 17 hou,ehold, tl",t ,,,wakd their inc0I1"',_ 3 'wn; (uund 10 he omli"" and two wne 

exlreme uutli er> , The rresence of outlie rs and "xt"""" outh~rs in lhe dma can be ,1IlTibul"d W 

either o,'er estin~Ltion <JI tu ",,,ltiple income source, a. exempli Ii~d by une of the two eXlrem:,; 

uuth~rs, who had 6 ""-,,,n;~, uf in~ulll e including two micro-cnkrpri'~'S, re",itmnce, and a 

,alary. Ass~ssing Ill<; i"conl<; k"ds with""l the 2 extreme outli"" redl",,~d Ih~ average inco m" 

10 ~lK3. 991.29 with a standard ,kvia\ion uf 2762,04, which i, mOl\; rt;alistic .since 45% of 

household, in lliautyre City have monthly iocu"",. Ihat ,,,-e less or equal 10 "1K4, oon while 

only 2".·;' I~~~iw ioco""", of between MK30, (W)O and ~lK35, 0000 (Go_"'I, 2002:42), the bmd.d 

,.-ithin ,.-hich toc two ~~trt;"l<; oUlli ers OCCll[, 

II/com e d\-tribution 

Wide deviaticlns wel-e found in the inco",,", patt""" or Ih~ hou ..,holds intemew~d and the 

,1,mdaTd devi"lion fm the monthly income, of the.' 7 v,1lid huu",hold, was (', 8(,2.81. Up 73% 

ofthe valid ,.""pled hou,ehuld, were wlthinlhe Ilrs\ '1umlik, with monthly inco"",s Ihal are 

Ie" than the ave"'ge income of MK5, 478.24 (Figure 8) while 5~';' had inco",,",' or ,11x,ut 6 

tilll~' th<; awrag~ income of the 37 valid l-e'pondent,. Ill<; "'ilk: ,'aIialion in inc0I1):.;' 1. 

attri bmed to th" wide vari,1lions in mCo"", .uurc~, and flow pattern, 
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Figuu 8: IncomeJislribution in Mbayun; 

3.2.3 Household e~pendj tures 

The aim of thi. soction is 10 identify the key expenses that houoeholdo hav~ and examine the 

burden that fud ~"p"n..,s impose on th~ how;ehold budget. It also aims at assessing how the 

burden that fuel ~xpenses impose OIl the hou..mold budget has changed after electrification. 

The key expenditures that the q1.l"stionnaire investigated included en~rgy ~"""nditures, food, 

water, health, school fees and transportation. The study found that some oftt... key ~xpenditures 

were monthly while o!h<. .. w~r~ not monthly. The non-lIlOIlthly key expenditure, are identified 

and ad;:lIOwledg~d but have been exdud~d fr[)m t!;o, ~nergy burden analysi' becaus~ the burden 

analysis is ba..,d on a monthly basis for ~a.., of analysi,. 

Due to the low and sometimes erratiC Incomes, the peoplc of Mbayani do not hav~ set budgets 

and have few planned expon..,s. This lIX'an , that expenditures data WII' ~,timat"" and based on 

1IX'1Lllf)' rather than written records, which may introduce errOIll. However, the relative 

consistency of the expenditu",s and costs of items suggests that the estimate, given by lh~ 

respondents w~'" fairly accurate. This is another r~ason why en~rgy burden analysi, is ba..,d on 

IIDnthly =pense. which are easier to remember and estimate compared to non-monthly 

exp,mse •. 

No" monlhlv expelUlilurt" 

The study found that school fee expenses were erratic and mostly hi-annual or tri-annual. In 

most cases, school-going children aH~nded governmenl primary schools for which they pay a 

school fund of MK8 per trimester. Some school children however attend privale schools' aDd 

, M""t ofthc.>c ~vato ..:bool, "'" not lICC<oditod ond tbcir ..:bool [0<:8 vary from """tbly po.)"IIlmt. <0 tri-onn .. l 

pay"'e"". "T1>e .mount of the ",bool reo, .1'0 dep<ll'"' on the quatity of odocation 0Ild quolifICat;oo, oftoocbc ... 

in OI>Ch ,",,0001. 
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secondary schools, for which they paid an average of MK645.50 per child per term in school 

fees before ekclriflcation, and an average of MKI, 024,44 per child per term after 

electrification. 

Most transport expenses were invalid ~cause the people in Mbayani area are close to the city 

centre and their places of employment .. , well as a major government hospital and ,ince their 

incomes are low, they walk to their places of employment, to the market and the hospital except 

in some cases of medical emergencies, Only three households conld respond to tbe question of 

tnmsport expen,e, but reported that these expenses we"" erratic and not always on a IIKmthly 

basis because during some months, !hey walked to their work places. The households spent an 

averuge of MK188,46 per honsehold per month on transport bel'oce electrification and an 

average of MK300 pe.- houseiKJld per month after electrification. Dne to the inconsistencies in 

school fees and lransport expenses, these expenses have been excluded from further analysis, 

On health expenses, it was found that almost all households visit the free government hospital 

and so did not have valid health expenses. However, a number of households stated that health 

was a major hidden cost and households olten spend money on health related items including 

visits to private health practitione .. , herbalists and also 'pend 'lKmey buying medicines on the 

streets because the hospitals rarely have medicine in stock or foc tran'porting patients to 

hospitals and clinics. Other health relate<! expenses were fO£ visits to sick family members and 

friends in hospital. Some of these medical expenses a"" not accounted for became of the belief 

that you cannot put a cost to human life. which include, accounting for health expense" 

Monthly lOud. fud ,,,,d water expentl:tures 

The interviewed households spent an average ofMKt, 345,31 per household per month on food 

hefore ele<::trification, This increased by 64!-', to a monthly average of:MK2, 204,69 per 

ho",~hold alter electrification, It shonld boweve.- he noted that in this case, the food item 

accounted for most often was maize meal used to male the traditional mealie based staple food 

locally known as "mima'", "N"ima" is normally accompanied by a protein food such as meat, 

beef, eggs, /i,h and vegetables, locally known as "ndiwo". The expenses for the "ndiwo" are 

harder to e'timate ])ecause they change often, depending on purch .. ,ing patterns and practices 

oftbe household at a particular time, In some Cases hou,eholds have gardens and rare poultry, 

whose produce they sometim~' n.,e as "ndiwo". Food expendihl"" patterns also change 

depending on the season, with a docrea,e in prices of maize and Jrulize flour roon after harvest 

between April and June and a decrease in experu;es of"ndiwn" during the rainy Season between 

[).ecember and Febroary because people supplement their diets with wild vegetables. 
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The main fuels used in Mbayani iJ.efore electrification, were charcoal, firewood, dry cells or car 

batteries and paraffin. Average monthly fuel expenditure per household was MKR59.30 before 

electrification and this increased by 60/0 to .MK91 O. I 0 after electrification. After electrification, 

major fuels were electricity, charcoal and firewood while paraffin, was a minor fuel, mainly 

used in emergencies or to start charcoal braziers. Few households also used dry cell and car 

batteries after electrification. 

All the households intelVie"",d did not have in-house plumbing. Few households had one tap 

outside then homes, but most housellolds buy tap water from water kiosks or from housellolds 

that have taps and sell water in the neighbourhood. Sollll' households also economise by using 

the water they buy for drinking and cooking purposes and drawing water for bathing and 

washing from a river that runs acroSS the township. Before doxtrification, households spent an 

ave"'ge of MK:>06.67 per household per month On water, whilst ailer electrification, 

households' monthly expenditure on water increased by 64.5% to an average ofMK504.33 per 

household on water. 

The fuel expenditures' incn:a.., of 6% after electrification can be attribllled to overall increases 

in fuel costs that occurred between 2001 and 2003. Another contributing factor is that, with the 

exception of lighting where electricity is u.oo almost exclusively (paraffin and candles are u.oo 

in cases of blackouts), most households are using electricity as an additional fuel and rather 

than a full substitute to previously used fuels. This means that other fuel expenses have been 

reduced because of their reduced share in the total household fuels composition but have not 

been eliminated and their iru:reasmg costs contribute to mcreased fuel expenditure. The u.., of 

electricity as an additional fool rather than a substitutmg fuel is partly attributed to limited 

incomes that hinder households from purchasing appliances and to unrehability of electricity 

and appliances. 

Compared to other monthly household expenses such as food and water, which increa.oo by 

64% and 64.5';' respectively between the same period from 2001 to 2003, the 60/0 increase in 

fuel expenses is minor (Fii:Ure 9) and may be considered as a positi"" result of electrification. 

Meanwhile, overall inflation in Malawi has been at an average of 16~" with non-food inflation 

at 18·;' and food inflation at 14% between 2001 and February 2003 (RBM, 2003). Urban 

inflation however was higher in 2001 and 2002 at 21.7% and 19.8~, respecti""ly (NSO, 2003). 

The fact that fool expenses were far below inflation levels indicates that households we", 

experiencing savings due to changes from biomass fuel use to electricity. The high inc rea",s in 

food and water expenses which are far aoo"" the inflation rates can be aUributed to the fact that 

scarcity of these commodities lead to shady markets which often charge exorbitimt prices. 
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Fig"r~ 0); Comparison o/es"'"lial e>.pe,,>~_, Ir~nll> h~f""~ and aft~r <icCirificaUv" 

In rdailOn IU ~"'~nli"l munU,iy ~"pm'''' of food, flLd ,md waler, ji){)d "xl'ms~'S WCI~ 54% of 

Ih" IUlal ~"~nti"l Jllonthly hou",h.,ld ~~P'<'!ldilur~" before e lectrifLcation, while rud [tnd water 

"xpcn'c~ con;:lim/cd 34'j'o and 12'(0 ""f"'cilydy (Figure 10) of total c;l:>"n(iai monthly 

hOll,cho]d expenditures_ AflC' dcclrif,eation, lh~ luod c"P'''''''' share oj th" thrc~ ~"~nti"j 

monthly expenditures increased from 54% to lil ~'o fud apmse, decreas~d from 34'" to 25% 

of ~"ential monthly ~XP"ll'C' aft~r dectIilleal;"n, whik w"ln con,tituted 14% oj monthly 

~""'nI,"1 aIXndilUrn "!'icr d~clrification (Figure !O). 

Before electrification After electrification 

DWater 

_Fuel 

I!I Food 

Fi!:u,~ II!: Sh'''''1 of ~".,emial ""m/hly e.'P""t/U",", hefo,~ Ilnd 'ifI~r d~cl'if;ca/iOIl 

Thm ov"rall, expelldirur" on food, in rd"lion 10 expenditure on fuel and w"ln, increa,ed hy 

7')"0, while expenditure on fuel , in rdatiun 10 IDod and water, decrea,ed hy 9'% in terms of 

shares and expenditure on water in term, of ,hltr~S of ~s""ntiaj monthly expe",,,, 0 (' luud and 

fuels, increltsed by 2%. I! should however ~ recogni,ed th"llhc incre",e, in these exp"n""i< ar~ 

"I '0 a lfeclnl by inn"lioM and iJl(licw~ increa,ing co,ts of I ivi IIg. 
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The changes in fuel expenses patterns in relation to key monthly expenditures of food and 

water imply that there is a decreas~d burden from fuel expen.~, on the household budget and 

that there al"<' saving' from fuels expenditures that may have been redistributed to other 

essential household expenses such as food and water. The low COSt electrification of households 

th~refore has !he polential to improve the wellbeing inclCl<ling nutritiOffijl status and h~alth 

,tatus of household, if the households use the money saved to buy better or more types of food 

and to buy better quality water. 

Households in Mbayani spent an average of up to 22% of their household budgets on fuels 

before electrification whilst after electritlcation; the households spent an average of 17"/0 of 

their household budgets on fuels. This implies that under the current tariff regime, use of 

electricity has reduced the energy burden, which is a benefit to the electrified household" 

3.2.3.1 [,,"MlluaJ [""/ UfU!"s..s trends bef{J'" and after rlectrijicati{Jn. 

The following sub-section is a discu«ion ou the fud expense' iu tenus of individual fuel's 

contribution to household's energy budget It is aimed at assessing the effect of iutroducing 

electricity on individual fuel expense,. The stndy found that with the exception of d ectricity, 

all other fuel expenill!s decreased with the intrD<klction of electricity. 

ExP""5f'S share bv individual fuelS 

The largest overall d~creases in fuel expenses were observed where the majority of house holds 

switch~d to electricity. These include dry cell, expenses which decm" <ed by 93'/0 after 

eiedritlcation, and paraftln expen,es for lighting which decreased by 75.5"-. after 

e!edritication while car batte ries expenses decrea=:l by 700/. after electrification (Table to). 

The car batteries were bought over different time perio<:hi and their price ranged from a 

minimum of MKI50 and a maximum of MK950, Apart from the timt: wh~n the battery was 

bought, the pric~ of the car batteries was dependent on whether or not the battery was new or 

second hand when it was bought, its lUaU and the country of origin of the battery and whether 

it was bought at " local market or a shop. The expenses on dry cells and car batterie" after 

electrification are a result of few households that use battery operated radios for fear that their 

radios will get damagtld with electricity or because their radios may not be adaptable to mains 

electricity. While all households have ,witched to electricity, the decrea<e in paraffin expenoos 

i" not 100";' because ho\l:leholds buy paraffin for emergency lighting during power failure and 

for igniting cooking Ems. The only increase in fuel expense, was for electricity, which is 

attributed to the fact that there were virtually no e10cnicity expen"" before electrification. 

Only one hou<ehold occa,ionally used die,el generated electricity befure electrification and thi s 

was used in combination with paraffin for lighting and a car battery for media applications. It 
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should be noted that since households can use either one fuel or another, for example dry cells 

or car batteries or a combination of fuds such as firewood and charooal, the average fud 

expenditure per household in Table 10 is ba ,ed ou real fuel expenses in each household 

analysed and so the fuel expense ' do not add up to the average fuel expenditure per household 

of MK859.30 per household per lllOrth before elcctritlcation and MK91O.91 per mouth after 

d ..ctrificatioll, discussed before in section 3.2.3 under the ,ub-heading '"mouthly fuel 

expenditures". 

'"" 
A.verage 

"'"~""' expense belCO"e 
e!ectrificalioo 
(MK) 

A",." 
household 
expense after 
electrification 
(MK) 

No! change in 
fuel ~<ponse 

". eiectrifocation 
(MK) 

Percentage 

"'"'" 
Note-

~ 
--_._---

I 
CIWfcoal I ilw,,-ood Para!'iJ) Dry C~18 Elactric~ Y (;a/ 

balle(i~s 

~dB.80 3~,1J3 I 1 Hl. Hl , 168YJ 
, 

: JH!.l HH I )10.55 28.43 11.50 ~'{;4.7b 

, 
~-- - ~ ~ 

_148.S4 14:1.8B -H7,7J -155.88 : 5G4Jii -5354 

~ 

27.G~% -40.05% -7S.5J % -93_17% I 100% -61.160% 

Table f(J: Pilei expenJitun bejou ""d lIfter ei«fTijicalio" i" Mhu)"uni 

§ Elrpendirurc data from the household which occasionally u,ed diesel 

gencrated electricity before electrification was unreliable and ha. been 

excluded from the analysis 

Thc trcnd in savings shows that highe.t saving, are made with the shift from dry cells to 

electricity. followed by the shift from charcoal ami firewood to electricity. However, ,ance dry 

cells are almost fully substituted while more people still use charcoal and firewood. thi, implies 

that significant saving. would be made if charcoal and firewood were substiruted with 

electricity. The fact that high saving. in terms of perctIDiage savings are madc in when 

households change from using dry cells and paramn are partly attributed to the fact that mo,t of 

the related service. that dry cells and paraffin ofIer have OOtID substituted with U,e of 

el..ctricity, This may be linked to the related cost of the appliances involved (i,e. radio and light 

bulbs). 

• 
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Expellu~' share by general applications 

Bdore electrification, the largest share of the fuel budget was spenl On thermal applications, 

encompassing use of charcoal and fircwood for woking, water heating and .pac~ heating, 

which made up about 65% of all monlhly fucl expenses (Figure I I), Media applications 

including radios and television, which were powered by dry cells and car batteries ac<XJlmled 

for aboul 18% of all monthly fuel expen""" while paraffin mainly u.ed for lighting accounled 

for almost 11% oflhe household fucls budget. 

Before electrification After electrification 

o Electricity 

Oem b~tt e ries ~nd dry cell s for media 

OJ P ~raffin for lighting 

!Iii Firewood ~nd ch~rcoal for thermal applications 

Figure II: Share> of =p~"s£. by general applications iJe/ore and ~fter electrificatian 

Allcr clectritication the largest share of fuel expenses was for e1e.:;tricity, which ~ncompas,cs 

thermal, lighting and ~dia applications. Electricity accounted for 62'Y. of the expenditure 

share while the expendituu hl1arc for charcoal tor thermal application decr=ed to 33~,. The 

share of paraffin cxpenses used mostly for ern<'rgency lighting and igniting fires dccrcasoo to 

3~o while the share of expen'e' for dry cells and car balleries used for media applications 

decreased to 2%. 

The presence of charooal e"perures, parafjjn, dry cell. and ~ar batterie. after electrification 

irulicatc use of u:ultipk fuels, signifying that theu are barrier> hindering households from 

,witching to electricity OnCe their homes are electrified. 

Sin~e the large,t share of the fuels budget before electrification is .pent On thermal applicatio/lS 

and electricity can fully substitute all application., more ca,h saving' would OCcur where 

thermal applicatiolls especially use of ~harwal and fIrewood ar~ fully (or almo,1 fully) 

substituted with electricity usc. While the majority of the honsehold. bave ffiilkd 10 electricity 

u.e for lighting and media applications, the exi.t",,~e of higher levels of charcoal and fiuwood 
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use after electrification indicate the need for special interventions to assist certain households 

to shill to electricity usc in thermal awlieations_ 

Fliel exp,mses br hOIl<l'hnld grollping' 

The survey showed that before electrification, 26.5~o oftlle sampled households spent between 

MK200 and MK500 per month on fuels, while 35% of the sampled household. "pent between 

MK501 and MK1000 per roonth and 8% of the households spent behveen MK2, O{i] and 

MK2500 per month OIl fuels (Figure \2). After electrification, only 6% of the lX'pulation spent 

between MK200 and MKSOO per month on fuels, while 64% oftbe population spent betweo:n 

MK501 and MKlOOO for tMir fuels n..eds and 5% the households spent between MK2, 000 and 

MK2, 500 foctb<.ir fuel n~ds (Figure 12) 

• 
" " "5 
" " • • " , 
0 

" " -0 

" c • " , 
E , 0 
Z 

21)0-500 501-1000 1001-1500 1501-2000 2001-2500 

Monthly income categories in MK 

1m Before electrificatIon • After electrIfIcatIon 

Figuu 12: Flw! exprnsM quintile, before and af~r ~lectrificaJion in sampled IWuJehokh In Mbayani 

In an ideal simation where all households are using electricity exclusively alter clectriJication, 

almost every household wouk! have been "pending about MK550 per U\(Inth on fuel. The 

distribution in Figure 12 indicates that SOIm households who were paying less [or fuels are now 

paying U\(Ire. This is attributed to the fact that 301m households have not fully substimted other 

fnel" with electricity. Ali a result of this, these households are paying for electricity and other 

fuel", thereby increasing their energy bill alter electrificati()[!. The distribution al"o signifies 

that olMr households are paying less than the designated monthly tariff of MKS50. Ilowever, 

certain households are paying the designated MK550 oc more but still use other fuel", hence 

their fuel bills HCeed MK550. The distribution pattern in Figure 12 alw implie" that the 

percentage of households "pending between 0 and MK I 000 has increased after electrification 

and overall, there is a more eYeII distribution in fuel" expenditure since most of the households 

are "pending between MK501 and MKI, 000. Thns in term" of fuels expenditure, households 

are more "equal" alter electrification than before, a fact that implie" that introduction of 

electricity in these households in Mbayani has implications OIl intra-household and inter" 
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household resource redistribution and allocltion. The fact that fewer households sp~nt mo", 

than MK1, 000 per month On rud~ afler electrillcation compared to before dectrification is an 

indication that some hou"~holds that were previously spcrtding more than MKI, 000 per month 

on fuels arc experiencing cash saving.' on fud cxp~nees ""u!ting from electrificlltion. 

3.2.4 l:ledridty pyymeot io l\Ibayaol 

'lh~ following section examines lerms of payments for electricity under the low cos, 

d~ctrification program. It asSesses the electricity connection coets to consumers, the tariff. paid 

and lIlO<k and fre4uency of electricity bill'_ TIle discueeion is aimed at underntanding how th~ 

tari ff design and it, tenm of payments atlect households in terms of elISe of payment and 

household energy budget control. 

Hardware and conlledion 1'0'-0' 

'Ihe respondents verified that at the one~t of the project in June 2001, the cost of the compact 

ready board unit was MK5, 700 and that it, costs are paid as pM! of the tariff on a monthly 

basi, and Me IIII!Ortised over a period of 5 y~ars. Th~ connection charge wa.' MK500 per 

household, compared to a connection charge of MK1,75o' for conventional c"etomers thllt are 

less than 500m from the nearcet connection [IOint and lis much as MK50, 000 or mOre for 

conventional domestic customers that are more than 500m from the nearest connection point. In 

IKldition. consumers were not required to contribut~ to the costs orthe transtormer, which is the 

requirement if a customer is not within rea.,onabl~ distance from the transfonncr. The 

am)Jtisation of upfront costs is one of the aspocts of the program that COtl-,umere feel is a 

bcn<.fit of the program design as refl""tOO by on~ respondent's comment: 

Fnr the JXIO<, this doctricity is good beCIIllse we oow have what we cOIIld have never hav" 
affon>o,L Who can afford a tran.<;fonner among us? 

The amortisation of dec(rification costs is IlIl excellent method for increming access to 

e/""tricity in poor urban areaS since it red"ce' the financial pressures that upfront costs impose 

on the poor household" 

Tariffs amI hilli,,!! 

At lh~ onS"t "r the program in JUll~, 20(Jl, a monthly flat rate taritr WIle ~et at MK410 per 

household, of which, MK325 wall for consumption of the electricity whilst MK85 was the 

payment for th~ cost of compact r"ady board unit. The tariff wa>; lat~r increased and stood at 

MK550 per household per month at we time of the survey It should be noted however that 

tariffs for conventional customers hav" changed several tim~s between 2001 and 2003, with 

one decrease in Augus( 2001. These changes however, have not triggered corr~sponding 

, Introooc«l in 2002 un""'. progrnn c. tJOO Nomoget>i. 

• 
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changes in the tariff used in Mbaya ni, signify'ng that t)", tariff in Mhayani is not strictly linked 

tn the conventional domestic tariff, 

The study however found that the actual amounts that hou",holds pay to the utility vary (Figure 

13), with one extreme outlier on the upper end paying MK1, 500 per month, According to the 

household head, they had started paying MK I, 500 per month when their financial situation 

improved ,0 a, to 'get rid of the compact ready board deb! as SOOn as possible'. Another 

extreme outlier on the lower end wa! a household that wa! paying MK200 per month because 

they could not afford to pay MK550 per nx:>nth. 

~ 1600 , , , 1400 
" 

• 
, 0 " , 1200 , . 1000 'E::.: 
'5 '~ ""' • ~~ '"" - . • • • - , '"' ~:: 

'"" ~ 
0 " 

• •••••• • ••• • •••• • 

> 

" Households 

Fig""" J 3: Ac,ual Monthly d~ctridt)' pa)'m~nt.' in ,amp/eli hou.elro/d. In 2()()J 

The differences in amounts paid for electricity may ~ attributed to mi8understandings about 

the tariff level, which may have Corne about aller the tariff waS raised, and d"" to inoonsi8tent 

b ills which may have caused "Ome households to mi"interpret their bill •. Another rea'iOn for 

different payments may be the ,'arying income levels and different competing demand, placed 

on different household. due to factor, .""h "" ~ehoJd si7<:_ 

AS8e"si ng the monthly electric ity paYlT"'nt, on per capita basis showed that hou.eholds with 

fewer occupants tended to pay more than households with more occupants (Figure 14), This 

may be attributed to the fact that hOllSeholds with more occupants have more co~ting 

demand, and hence find it harder to pay for electricity compared to households with fewer 

occupants_ 
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Figure 14; F.lecrriciry p(/ym~lIl.' P" hIJu,€/wlil P" capita 

On average, hOll,chold, p,\id MK 5M_7~ per month for el~ctricity, which jo; J'Y, more th,\" the 

rre,'ailing talill at the lime (If lhc ,ludy_ It i, intel'e,'ling to note tha! the oouseholds did root 

negotiate with ESCOM (0 pay higher or lower tariff .. p"r month. However. the p'aclicc of 

paying les.' lhan lhe "clt,"l bill i, prevalent in Mal.wi even in hou>eholds with cOIlvelllio",\I 

cormection.', The difference, i" aC\lI,\I I"\ylncnt, of electricity that Imu"'holci;< make to PSCOM 

indicate 0 need for more flexible paymcnl oplion, that allow hOll,eholds to pay-off their debt 

fasttl[ when economic ,;t"<llio'" impro,-e and to reduce pres.mres on poor~r hou.'~holds, within 

re~"'-'Mblc hmi\<. 

Although the t"riff design is a nat raT" tariff. and equal among all cun,umer.,. an inspection of 

son:tC of the ",voice, that con.>l"''''rs receive revealed wi,le varialions. with bilh os different as 

MK:i50 ""d MKt9, :iOO. While in some case" thi, could he atlribUle,1 10 the foct thor 

household, h,\d arrears, other OOu<ehold, hod no arrear. anti .otllC yery high bill coul,1 not have 

been accumulate,1 in the peri<x1 th"t elcctricity has l>cen "y,\ibhle in Mb,\y",li cye" if such 

OOuseholds ~,d not paid tor electriciTy, (he cntire I Q month, that they have had el~ctricity. Snch 

enomwu, bill, ,\rc ,\Uributed to faults with tl", billing 'y.'tem at ESCOM anti are common even 

among househo ld, with conventiunal electricilY connections. Poor billi"g is c,uISing discontent 

omong cun<umers (Casc study 2), which lll"y h,wc neg,\tive implicatio"s for tn. progr"lll. 
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elise Study 2: EI~ctrid(~' bill., 'WI "",/ersIM'/, 'OIn"time.- ."'J1!~ 

Ja7icl Banda is a married man of 67 ycars of age. All hi, 7 Lhildr~n are marriLXl a"J live 

elsewhere, Occasionally, hi. pre-teenage grandson visilS him ror a day or Iwo and that i8 the 

only time the radio is played for long period. of lin," , The Banda hous~hold stopp"d using their 

hot plate iiIOme month8 before the 8urvey because il gOI damaged. '1beir house has 6 bulhs, 

including two fluorescent bulbs; one of which i. located in the lounge and anOlher on the porch, 

which is swilched on all night for s~curily PUIpO,.,s. Apart from subsistence fanning, Mr Banda 

and his wife sell water 10 ~arn a living and depend On Mr Banda's pension proceed. as a retired 

leacher. He get, about.MK2, 000 per month from his p"nsion scheme and i. overwhelmed by 

the bill, he gels; 

Include in your report !hat we gel strange bills, which F$COM 00c.s not explain. Sornetin'les 
we gd a bill a, high as MKl3, OOQ. EVUl!hose with nonnal connection< and with ,loves 
don't u.., thai much eleLtricity. It is a, if I am running a ooarding schooL Although \ hav~ 
ncverpaid III()I'e than MKI, 000, these bill' make rIll:. panic that one day F$COM will cut my 
ekx:llici\y off. May he [ ,hould have the e[ecllicity removed. 

Mr Banda is not alone in his predicament. A number of residents complained abont this 

phenomenon. Tn addition, Mr Banda, like most other respondents in Mbayani, want his bills to 

cl~arly separate the payments for the compaL1 ready board from the payments for electricity 

constUnplion so that he can know when he has completed paying for the compact ready board 

unit. 

Case study 2 illustrales the i'rumations thaI cuslo!ners in Mbayani experience due to poor 

billing, It also points out to the lack of dialogue between ESCOM and it. new consumers. II is 

interesting to note that while the low cost electrification consumers ar~ not informed of change! 

in tariffs well hefore their hills are '~nt to (hem, conventional customers ar~ normally informed 

of changes through the pr~", rel~ases in the media before the change is eff~ded. Ihis call, for 

the need. for ESCOM to improve their service del ivery especially with respecI to billing and to 

t",at low co,t electrification Cl/Stom~n in the san~ manner as conventional ConsUl,,"n where 

information channel. and dia1ogu~ are concerned. 

Terms "(PQvrn"I11 amI b"dl!~1 CI/!tIrol 

Up to 92% of the sampled houSl'ho[ds reported. that electric ity gave them better control of their 

houSl'hold budget a8 compared to the expendimre ,tmtegies used to huy traditional fuels. 

Re'pondents reported that this was because they are aware of the expected. bill throughout the 

month which enables them to ,ave for the ~xpenses whilst when using traditional fuels, they 

often buy different amounts a' need. ariSl'S and depending on their financial status at a palticular 
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lime. In addition, price., of charcoal and firewood can fluctuate due to seasOns or when the 

police enhance patrols on illegal charcoal. The budget contIoI benefll is lurther enhanced by the 

fact that, diSregarding blackout.<, the respondent. are a<sured of .'~ply even when they do not 

have money within the month a, articulated by One r,,",pondent; 

The \lood thing about this electricity i. that in the middle or the month when you don't have 
any money you still cool and light up YOllr house. With paraffin and charcoal, if you don·t 
have money before the month..,nd you \:0 begging and sleep early to <ave the paraffin i/O that 
you don't beg agaiu tomorrow. Now we are at ease Ihrough out the month. We just save a 
little through oUl the month. 

Comparing the flat rote tariff used in Mbayani to the consumption reflective tariff used in 

conveutional metered electricity, 41 'Y. of th e respondents felt that the fixed rate tariff de,ign 

\lave them betkr energy budget control becau.,e they know what they will pay well in advance 

while 13'Y. of the households Were not rure whether the flat role tariff design Or the 

consumption reflective tariff design would give them better conrrol Over Iheir household energy 

budget. Up to 46% felt thal the metered e1ectticity, which reflocts actual cousumption, would 

\live them better control OYer Ihelr budget compared 10 the fixed rate tariff. Respoudents mostly 

amibuted the preference fur metered ekctricity to the poor supply; 

A., 10 which tariffs are better, I reel this electricity is expeusi ve but as you know the poor do 
not have much choice. I do not pay becau.'e it is easy but because I ,ee the value of electricity 
10 the wellbein\l or my family. But electricity suWly is unreliable especially during the rainy 
,e..,on. I rccl cheated J:><.cause we still pay the same price a< ir we were u.,mg it all the time. I 
know people who oow default becau.,e the oIeLtricity i, very u"",~able. With this tariff, ir 
there i., a black OUl. they are srill charging: U'. TIXl,e on cOil""mional meten have no reading 
when there i. a black out, 00 !hey don't pay for that period. Some say its cheap"r on 
conventional mctLT< others .'lay It is expensive. If we knew the !ruth, may be we would 
change. For now, because I al'f'i""ciate the value, I simply pay. 

Some hOllsehold. al.ID preferred metered electricity becau.e they have fewer appliances, 

implying lower con,umption than other households within the program IIlat have more 

appliance, [implying higher consumption levels] but pay th~ .ame price. In addition, certain 

household. preferred conventional melered electricity because higher capacities would allow 

them to undertake a wider range ofactivitic< ruch as welding. The results here are also affected 

by limited knowledge on the costs of electticity and !ariIT design among users and the lack or 

eXp"rience with othLT tariff de'igns. 

3.2.5 Fuel usage hefore ~Dd "ft .. r electrification in I\Ihayalli 

The ability of homeholds 10 beuefit from electricity i, pal1ly hinged on hou,eholds' ability to 

switch from traditional fuels to electricity. The following ,ection examines fuel change patterns 

that have occurred <ince electrification"" as to und<:rstand the barrier. IIlat household face in 

the transition from traditional fuel. to eJ""tricity once their homes are electrified. The major 
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applicalion, lhat th~ section ex"mme. "Ie oookinj!, water heating, ironing, hghllllg, lThl<iia 

awlication; Jnd .Ipacc conditi"ning_ 

((",kim! 

Th~ main hId u.ed for cooking kfor~ clet;!ritic,1tion was charcoal. which was used by at l~asl 

')(,~/o of the household, incl"ding Ihn,~ who u:lCd it in combinalion "'lh olller fuels. A t[)tal [)f 

MW, of the ""mpled household, "s~d charcoH I exdusi,'dy for coolang; hdme d~clTi ticati"n in 

l\·1bayani_ Up to 2H~/* of th~ s.ampleJ l"",sd",lds us""l a c[)mbil1.ati"n of fLeewood and c~arcoa I 

t;-" cnoking while 4'Y~ of Ih~ household, used firewood only_ Only 2'!,. n"ed lircwood in 

com nination with charcoal f[)r cooking {l'igur~ 15). 

" • '" " • " • , 
'" ~ , 
" c • '" , , , z , 

Charcoat only Charcoat and Firewood only Charcoal ~nd 
firewood paraffin 

Cooking fuels 

Figur~ 15 : Fu~1 u.\"-li'Y <"""*ing ill -IIbayoni hefi>re declrlfic~l;u" 

The nlJin Sm,,,,e of fu~1 f[)r cooling aner e]e<'!rificati[)n w"" electricity, which waS "sed hy at 

l~asl 6B% of Ih~ ho"s~ho Ids, inc Iu<ling lhuse who us""l it in combin"tion with o!h~r fu~ Is. Up to 

58% of Ih~ .IHInpl",,1 pupuiJtion swilch~d 10 cookinl! with electricity exdmivdy a[kr 

dcctrificalion (figure 16), ~xcept wkn ther~ w~re blad,- [)ut., in which case they n"e ~ilher 

charcoal or fi t"Cwood. '\10,,1 of 1.1>:.\;;.;0 hnuscholds "Se on~ pble coohrs, locally kn"wn as ~oils-l . 

Up 10 8% of th~ population u,e a combinalion of ~Ieclricity and charcoal whilst 2',,. "s~ J 

combi nalion of charcoal, lirew"r><! and ekctncity. Another 3(f/~ still use charcoal e"clmivdy 

a' th~i r cooking luel (I' igure 16) whi Ie 2'~/, UIC Ii t"Cwood c.~cl"si vely for cooking 

'('oih ",·c m\,,,,<1 "1\" lll' loc, ~l"' th"'< '" the '1',,,\II'd d",,,,,: l,r. oo:rl.:c ,TId have 11.0 '"I~)QrtiI\S 

fr,m". t I")' ,r< "",,,,,ted 0" , "0"", ilrazier Of crude wi" ,'rom, .,,1 1<"'0 '"' ll"'''''l',Hl 
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• " " "0 " 0 • " • , 
0 '" " -" 0 - '" • " , , , 
z 

" 

" 

Electricity 
only 

Charcoal 
only 

Charcoal and Electricity, Firewood 
electricity charcoal and only 

f,rewood 

Cooking fuels 

Fi~ure 16: Filets u.'ed for moIling ill samp!,." !"'UW!IO"'~ aJ~er dectrffie"!i"n 

lTous.ehold, that contin"" to m~ charcoal ami firewood for cooking muinly allribulcd th~ high 

COSI.' of hotplates a, a barrie, to 'hifting to dC~iricily u&e for cooking. Usc of dectricity in 

comhinaliotl with traditional fud, wa, mainly allribuk,1 to low pcr!oIDHmcc and umeliable 

c(>()ki ng appliance, and poor ,up)'!y rdiability. 

Fuel (or bath water h,,"tim! 

NOlle of too households in Jl.filayatli had geys.efS, a fact lhat i, common in "lala .... ; even in 

medium income oomdlOl<i>. Bath waler " normally hooakd in large, cuslOm-mudc "",,,,[s or 

pots and in '0Il'" ca,"" 'p"cilically In declriJicd medium mcomo hOllS~hold, an dcclnc k.elll~ 

i, m~d. Ib~ ,urwy ob,erw<llhal fud n;::c(h and Slral~gies for hath water heatitlg itl ).lhuyani, 

are comickr~,1 <lift;,r~nlly tium lr.:: [lIC) ",,~ds atld strategies for cooking foods. The 

qu~,tionnaire wa, t),;,rdorc designed 10 rdkct atld capture thi,. 

The survey showed lhul lr.:: main fud for water heating before electrification wa, chan:oal, 

wluch was med for heating halh water in 88%. of the hOl"ehold,. Of Ihe hou,dlOi<I., that m ed 

charcoal for heating bath wakr, 82% u,ed charcoal exclu,ively (F'gure 17) whik 6% ,1&<1 

charcoal in combinalion wilh lircwood to heat harh waler. Up to 80/. of Ihe ~ollseholds usc,1 

firewood c.~clusiydy tor hath waler heating before electrificalion. A total of 4% of 11>0 

households used cold wale, for barhing. Afler electrification, electricity wa, the domi''''ni fuel 

lor h~alitlg balh waler. Up 10 48%. of the ,am)l)~ population used d~ctricity to h"at bath water 

(f'igu", 17), while 2% used electricity iu combiuation with charcoal and anoth~r 2% u""d 

dectricity in combination with firewood. Up to 46% of the vali,1 >ample population used 

cha",oal for hath waler hearing after e lectrification and another 2~/o used a combination of 

charcoal atld lirewood to heat bath water after electrification. 
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Walur heating fuel " 

• Before electrification • Alter electrification 

Fi!:ur~ 17: Fuel "sed jor water "cali,,!: bet'Jrc "",/ ajler e1ulri/ica/ion 

II should howov~r b<: "Nod [hal bach waleI he"lin!; ,Imlegie, vary depen<lin)! On the _,"a_,,,n, 

with Iho numbor or- hOll,ehold, USifl~ cold bt'lh w"l~r ,kcr~a""g in winter "nd increa,jtog in 

,umrner due to temper~ture V"ri~li()Il" 

Th. use of cold w"le, for bathing may "Iso he a fuel '"ving ",al~gy jtl poor~r hous;,holdj, "]'hi, 

1m)' ~"pbin why "ft~r eleclrific"lion, oone of th~ hou",hold, r~portod ""iug "old wde" for 

b"lhing ~inc" h~"ling wakr lJ~illg okclri~ily w0Il1,1 mJ{ a-we an "dodili"e eHecllO Ih~ okclricity 

bi!: whtl" using ,h",o"l 0[' flld for1>""ling waler would increase the ~ne"gy hill. Th~ [a,llh,,1 

aIle, ~kotril1cation 'lOne oUhe households uso" ~(){!lbinHlion ()ffirew()od "nd cho,co"ll.o hoal 

hm.h water may he becan", of Ihe high oo~1s or' lh~,o [uels, which wonld m"h Ihoir 

comhinotion the most expemive option 

s"m;: hous~hold~ all[ihnled the comi ,mod .,,0 of ohmooH) ()r firewoud to heat bath w"kr afier 

okolrilio"ti"n t" th~ facl that Iheyuse coils, whIch m~ 100 fragil~ t() 00),1 big w"ter ve,,~ls, 

lrtminl! 

Chmcoal wa, the [ud ()f choic~ for ironing before electrificatiotl atld 94% of Ibe h()",eooIM 

intcrvi~w~,j ns~d ~h'l[~OHI for ironing whij~ the ,erooitling 6% did tlOl h"w any irom. Afte, 

eloct,i lical ion, " tot" I of 46% of the hon,oholds lIIkrvi~w~,j """,,,I elect,ic iron" whik 42'1" ",~d 

ch",coal for ironing. Ur to ({Yo of t~ imerviowod hO"B~hol(ll did not ros"~",, any i",n, and 

~ither horrow irons or do not iron thei, clothe, al all. T" cop" wilh jH~k ()[iron" the clOThes are 
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not wringed after washing and once they m)" the clothes are hanged or foldcu and put unda 

pill()ws. m1tlresscs or sleeping mats to straighten 1 hem, 

llou.""holds attributed the continued u,e of charcml for ironIng inability 10 alToru electrical 

lrollS, 

Fuel (or lighliJH! 

rhe lillIin fud for lighling before electritication was paranin and ~ lotal96% ()fthe h()u",bold., 

used paraffin a, pan of their fuel ,upply for lighting. Up t() 50"/0 ()f the valid hou>eholds 

imerviewed u,ed paraffin exdusive!y (Figure 18) for lighting bef()re eiectrific:Jlion while 44':'0 

used a combination ()f pmaffin anu candle" with ~ preference for pmaffin ralher than c~ndle.,. 

• " " < • • , 
0 

" , 
" • " E , 
Z 

'" 
'" 
" 
" , 
" Paraffin only 

, 

Paraffin and 
candles 

Candles only 

Lighting fuels 

Diosel genorated 
electricity and 

paraffin 

Fixure 18: Fuel>- u,'ed for fighting in sampled home/wId, before e/ .. clrijkalion 

A tolal of 4% of the sampled population uscd caO<lles cxclusiyely \\ihiI01 ooc househ()lu used ~ 

diesel gencralor, in comllination wilh paratTln lamp' for lighting purposes before ekctrifkation 

(FigUl'c I 8). The lowcr usagc of diesel generated ele~'lri~ity and candle, ~re ~ttribll1ed to thci r 

higher ~ost, ~Olnp~red to paraffin bmps and pHranin, 

After ele~-trificalion, all ,amp led h()useholds switchcu 10 using electricilY for lighting:, All 

hou,dlOlds e,,~epl one were using more lhan the bulb supplied with the compact [Cauy hoard. 

Only one hOU-echolu, with a ",'o-roomed house had nol cxtendcd lighting and SoOlllCtirnc, 

depended on parafiln bmp' for lighting: the other room or depended ()n the light from the bulb 

supplied with the c()mpact re~dy hoard unit whi~h they s~id w~, inadequate, 

Lighting wa, by far the bigge.,! change in fuel use, a, illustr~ted by the fact that every 

houschold has switched to cloxtrical lighting, Thi, is attributed to the fact that bulbs. which cost 

bew.o;en \1K 10 and IvIK40, are onc of the cheape,t electrical appli~nce and therefore the onc 
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appliance that households call readily afford once their 00111€S are electrified and also every 

household ha~ a bulb, which i~ attached to the compact ready board. 

However, the compact ready board is often installed in the dining area or the kitchen, leaving 

other roorru; witho\ll electricity. SiDce there i, DO wiring, hou,eholds then extend lights to other 

room, using extension cords and adapter sockets. This is ofh,n done by unqualified or 

uncenified electricians who are more affordable and available than professional electricians 

and presents a danger to eloctricity users in Mbayani. In severnl households. enumeratOl1l 

noticed that insulated wire, were directly ' ·plugged'· into the socket without a plug and a fuse 

(picture 2). 

Picture 2; A CVtnpaCI I"I'IIdy Imard ..-ith '(!Inc "I wire .• ;n!>Md. directly into .ockel., 

This may cause ,parking, whicb caD result in electrical fires or short-circuiting. Although 

during too field reseacch the enumemlOl1l did not encrunter reports of electrical accidents that 

had occurred under the program. in one hou,chold, a respondent oomplained that the household 

buys an d oclric bulb almost everyday because the bulbs bum, out almost daily; an incident that 

happened during the interview. Tbi~ problem wa~ putting a main on her finance, and the 

respoodent was C(lIJsidering having the electricity di,connected; 

" 
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I had this electricity Conn""tiOll so that my children could study under a beltef light. When the 
bulb works, it i, very helpful becau,e instead of them helping me with the fire at 5 o'clock in 
the trnming, they C1lIl study. Or they can study late into the night But OOw I have to buy a 
bulb everyday and that is veryexpe!l.'live so I have decided that once my SOlI writes his e~atm 
this year, I will have tlte electricity disconnected. 

Incidentally her neighbours buy the same well-known brand of bulbs from the same kiosk but 

oone of them experience thi, problem. Ibis problem may then be aUributed to faulty wiring in 

thi, household. The methods of e~teooing electrical lights to other rooms in the eleLtrified 

households signify the Deed to reconsider wiring techniques in houses that are electrified using 

corq>act ready boards. 

EnJertaillmemalldmediaar .. lit-ati.ms 

I'lte main source of power for radios before electrification was dry ~ll' and 74';' of the 

sampled households used dry cells to power radios before el«trification while 26% used car 

baUeries to power their radios (Figure 19). In one household, die,el generated ele<:tricity was 

alternatively u,ed with a car battery to power a radio and a television set. Up 10 92'1', of the 

population did not have televi,ion sets before electrification. The three household, that had 

television sets used car batt..ries to power their television sets. One household alternated the use 

of car batteries and diesel generated electricity to power its television ~t before electrification. 

'"" ,----- -------------------, 

"" +--====-------------------------

'" +--
'" +--

Dry cells Car batteries Electricity 

Soorce, of powor 10' radio. 

Ell! Before etectritic~tion .After electrification 

f'igUI"rJ 19: Sources of POWN Jor r"dio. before Qnd n/ler dectriJicutilm ill ,wnp"',1 IlOuseh,,/d.\· 

After electrification. up to 88% of the sampled households "",itched to electricity to power their 

mdios, while 6% still used dry cells and one homehold used a car battery to power a radio after 

electrification. 

The relatively high shift to electricity for powering radios i, partly hecause most households 

had hattery-<>perated radios before electrification and adapted the,e to mains electricity once 

their homes were electrified. One rea""" for not using electricity to power radios in some of the 
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electrified houscholds may be because the radios arc not adaptable to electricity. Oth.r 

respondents reported that th.y were afraid that llSing .lectricity to power their radios would 

damage thc radios. 

Alter electrification, 16':10 of thc interview.d ho\L';cholds had tel~vision !;CIs and all of these 

households used electricity to power their tdevision sets. It is interesting to not~ that the 

number of households with television ..,ts rose by over 100''10 from the number of televi.ion 

sets owned by tho sample households betor. dectrification. This may be an indication that lack 

of electricity hind." households from obtaining c~rtain hOllsehold .quipment although they 

may be able to afford such equipment. Two households reported that their t"Je-vision sets had 

been stolen. This is not surprising b.causc in most urban hou>eholds pUlting a television 

ant.nna out on the roof often mak~'S the household a target lor robbers. Obtaining electricity 

may therefore have the undesired effect of making 00m<: electrified households vulnerable to 

robbers who hope to steal electrical equipment. 

Refrigeration un" ,'puce conditionine 

Up to 96'10 of tho respondents did not have refrig~ratOl" before electrification. The two 

households tht had refrigerators before dectrineahon used paraffin to power them. After 

electrification, 6% of the households had refrigc'Iators and all of them used electricity to power 

<h<m 

Space conditioning in this context relers to household space cooling and space heating 

applications. Before electrification, nOn~ of the respondents had any fonn of mcchaniiled hou>e 

cooling and depended On opening windows or staying outdoors for a" long as possible in hot 

weat~r. Aft. r d.ctrification, 20"10 of the sampled households acquired fans and all of these 

household~ used electricity to power their fans for space cooling. 

For space heating, 580/0 of Mmpled hOll.eholds interviewed us.d charcoal before electrification 

whilc 42% did not heat the" houses when it waS cold. None of the households used paratlin 

heatcrs or firew()(J(! fur space heating and in most cases, charcoal for space beating is used in 

conjunction with other primary uses sucb as cooking or water heating a. a fuel saying strategy. 

The sampl. SUIT.y tound that although three households had obtained heaters after 

electrification, only one ooll..,hold used a heater for space heating. The two other bouseholds 

said they had not used thc>ir heater becaus~ 'it wa" never cold enough to usc a heater'. Up to 

88% said that they do not usc any fuel specifically for hOllSe heating but sometime. benefit 

from residual heat when cO<>king on a cold day. Only 4':10 of tho households reported that they 

used the lceramic] Mhaula lor heating their homes in cold w~ather. One reason for the low 

• 
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levels of space heating afte r e\octrification could be thai the survey was carr,ed out, tl rebr'uary 

when the weather is mild, wbile Malawi'. winter is ootw.,.,n May and July. 

The introduction of low cost dectricity in the newly electrified households in Mbayani bas 

resulted in changes in fuel choices and strategies. :Major benefits bave inclllded discontinued 

use of paraffin as a lighting fuel excepl for emergency purposes and for igniting cooking fire •. 

There has also been a substantial decrease in usc of dry cells and car batteries for m~ia 

applications and some decrease in the use of charcoal and Iirewood for cooking. These changes 

have spill over benefit. such as availability of better quality light, reduced indoor air pollution, 

roollCoo fire hazards, cash ~avings and reduced hardship in preparation of fires. Despite the 

changes that ba~e occurred. ccrtain households continlltl to use Ihe fuels u,ed before 

electrification and other houoehold. uoe both electricity and charcoal for cooking for dilTerent 

reaSonS (Case Study 3). 

Case study 3 echoes strategi es used by a nurrOO of housebolds in Mbayani, illustrating ,hat use 

of traditional fuels in combination with electricity is a slrategy for coping wilh unreliable 

electricity supp ly and for coping with poor quality appliances. Low quality appliances arc also 

a dioadvantage 10 the utility becaus.. they are often inefficient. ESCOM estimate. that cooking 

On a one plate hotplate without a thermostat, as i. the caoe with C()j[" results in average 

coosumption of 188 kWh per month, costing MK564 when calculated at the average tariff of 

MK3.20 per kWh whilst using a proper hotplate with a thennostat results in an average 

consumption of 122 kWh per month at a cost ofMK366 per month (E..<;COM, 2003). 

Charcoal and firewood are Si>Il1etimes also preferred bccauoe they oerve multiple function. of 

si"...J!taneous waler heatins, cooking and space beating where household. lack the necessary 

appliances such as heaters. 
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Ca<~ Study 3: a.lng maIJipl<' [u£i<ll.< a c"ping mechanism 

Mrs Amhokik i. a mother of three and fosters a niece and a nephew. Her husband works as a .hop 

assistant. Although he does not disclose his 'alary, Mrs Ambakiie is Sure that he earns Ie" than 

:MK3, 000. Like most residents in their neighbourhooJ, t;h., Ambokile household own the mud 

hoo ,., they liv~ in and So they do not pay rent. Mr Ambokile walb to hi . place of employment in 

town and all their children attend a government primary school, for which they pay a school fund 

of MKX per tenn per child. Mrs Ambokiie sell. charcoal, which .he buy! in bulk quantities of 

50l<g to 9Qkg from a door-to-door salesman. She then repacks the charcoal into smaller bag., 

which ,he sell. to her neighbours at MKJO per pacl<. Each pack weighs bo.tw,,"n 1.5kg and 2.5I<g. 

To cope with unreliable el ectricity supply and a poor quality electrical "coir, which often 

malnmction., Mrs Ambokile uses Some of the charcoal from her business for home u ,., . She often 

useS charcoal to cook foods that take longer to cook such as beam becau,e .he is afraid that 'using 

t;h., coil for long periods of time >Yill cau,., it to over heat and will damage it'. 

Although she now has electricity, she often heats wate:r on the her "Mbaula" in win"'r because 

this "'rveS two purposes simultaneously; water heating and space heating, since they cannot afford 

a heater and the coil i! too small to provide adequate space heating. Mn Ambokile feel. that 

making a fi re for space heating alone would be a waste of chan:oaL 

Mrs Ambokile says she is still not sure whether the electricity has made their overall ~penditurc 

higher or lower but has developed strategi.s to deal with the household energy problems that sh~ 

fac~,; 

Being poor, We buy cheap coils, which get damaged ve ry ea,ily, which means apart from 
paying for the eleclricity. we hav~ to buy charcoal and al.o pay for repairs of the coil 
frequently. Mostly we simply throw the cojl away 1IIId buy another one but now I usc the 
cojl only when I am not cooking 101 offood and use char-coal when cooking Nsima becau<e 
they say stirring vigorously damages the coil. The benefit. of the electricity have been more 
in terms of ,tatu. and light. rather than in tenus of saved mo""y. Now they 03n say E"wanl·. 
Irnt:her hM a house with lights. Soo:le of our appli.noe8 ge\ damaged because the frequent 
blackouts and SOI""Umes there is "dim" [brownout or inaJequa\C powerj. 

n.e .urvey aho noted that char-coal and firewood have an important role in family and '-'>Cial 

interactions and are liOI""time. favoured due to traditional ta8tes a" expre"oo by 0 "" female 

respondent; 

&m>etime. you u.e charcoal becaus<:)"O are used \0 gathering around the fire and chaning 
with your family ""king your children aboul school and other thmg". And lIDS! peopl. agree 
that fOOd oooked on oharooal taste. beller than food cooke" On hotplates. Especially bean •• 
which you can cook in an earli>enpot on the tTaditional fIre but on the hotplate, you ll'le metal 
pols and the beans taste ofmctal. You do 001 get the mce flavour. 

11Je u..: of traditional fuels for reason' of social interaction and pleferred ta.te. however does 

not i~ly preference of lraditional fuel . over eleclricity but ralher express soc ial and cuhural 

" 
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n:)l~s of tmditional fuel' in Malawi, which h'1\-e ~yolved ov~r tim~ with prolonged u,~ or these 

fuels, 

3.2.6 Applia llce nwncrship a lld u'~ge 

Th~ demand for eleclricity is for Ihe relale<1 ,en-i~e, il provule, and so Ihe ben~fit, of 

~l~ctritication ar~ linked to the u"",,,' ability to a~quire illld u,e applian~~s that conwrt the 

ekclricily to the d~si",d tnrm, of ~n~rgy ",eh as heat and ~hanical power for th~ <ksired 

sen-ices such as cooking and driving motor" in eleetrie.1l ~quipm~nt lTOIJS~hol<ls' .1bilily 10 

acquire and use or eleclrical appli.1nc~" therdo.:~ contribul~ 10 Ih~ bcndils Ihat the_,~ 

household, obrain from ele~lricity. The tollowing "~ction discus,e, jimlinp on appliane~ 

a~qui.itiOll and di,tribulion palter", among eleclrilied hou,eho)<1> in :\-lbayani. It i. aimed at 

assessing how appliance penetralion ha, oc~urred in Mbayani since eleclrificatiOll and 

~xploring th~ factor. affecting acquisition of electrical appliilllce" 

Appliance penelrarion in MbarnJli 

Whil>t fOT most homehol<l>, thi> is the tiTst tin", th~y have h.1d ekctrical appli.1nc~, ,uch a_, 

hotplates or coil! and ~kctric.1l irons, in mo,t or th~ C.1""" th~y previou,ly own~<1 radio, and 

h",-e ~()!lverted Ihem Ii-om lh~ <jjT<.:ct curr~n( (DC) mxI~ me<1 by dry c~lls and CM batleries 10 

the a)temaling ""rr~nl (AC) Ill<Xk u",-,<I by m.1in, d~ctricity . r~w households haw ~xperienced 

Lhe appliance mh,lilulion dl;'Cl and have since replaced small batl~ry op""ated raJio, wiLh 

bigg~r radio' or high fidelity audio equipment (Hi·,H). The mosl commoll electri~al applianc~s 

jn MbaY.1ni are bulb' follow~d by radio" mosl of whidl were a~(luired befor. eleclrification_ 

The third most common appliance. in Mbayani are hotpiale, and {'oils and the fourth mo;;t 

conl"",n appliatlC~_' are irons (Figure 20) . 

• ,~ , 
AppliancIIs own"d in sample households 

Fig",-~ 20: AppliaMe peMlrmion afrer elecrrijicmiofl in Mba,.",,; 
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Appliances such as fans, television sets, refrigerators, heaters, kettles and hair driers have had 

the lowest ownership levels. This may be attributed to their high c~(s as well as the value that 

hous.eholds attach to the services that the households derive from these appliances. The study 

~ lso found that oW!ler.hip of an electrical appliance in an e lectrified household does not 

necessari Iy mean that the appl mn"" is being Il'led. For example, three respondents reported that 

they used baneries for the radios or traditional fuels for cooking for fear of damaging their 

electrical appliances. This signified that appliance quality and electricity supply qnality are 

b"rrier. to electrical appliance use. In "nother household, a female re,,!,on<knt said she used the 

old radio that was battery powered because she was afraid .he would mmage the new radio, 

which was powered by mains electricity. However, her hll'lb~nd and so~s Il'le the electricity­

powered radio, .tipulating that gender and power relation. in a household maybe another factor 

that determine. appliance usage. 

Oftbe three household. that had heaters., only one had used their heater. The other two reported 

that 'it had not!>een cold enough to use a heater' ever .ince they bought their heaters. 

The survey found that, excluding bulbs, the Ie"st number of electrical appliances owned by a 

household is zero (except for the bulb sllpplied with the co~act ready board nnit), while the 

ma>:imum number of appliances owned by o~e household was 6 (Figure 21). Excluding bulbs, 

the average number of electrical appliances owned per household was two appliances and these 

were usually a radio and a hot plate or coil. 

18 ... . . . 
16 • B 1. 0 

< 12 • • 

, 
" , 

, 
10 0 

< • 
" 8 
c , 6 i " , 

4 , 
z 

2 

0 i1 fi - , , 
" Number of appliances owned 

Figure 21.' AppliunciJ di>tribu/i"" in Mhayan; 

T1ie fact that most households cannot allord good quality electrical appliances forces them to 

hny second hand appliances found in town.hip markets. These are often high-ri.k appliances 

and are susceptihle to malfunctioning. ln SOl"'" cases, these appliances have to b.; repaired or 
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rerHa(:e<1 so oec;onrles a too 
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to an , ... ".,."',,.,'" 

more 

cases 

use more 

a .. v ... ,,,,,,,,, ... 
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not ,.",r.11i.·", extra on 
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2 

... 1 CD ~ 

.a 
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o 1 1 
Average monthly income earned by the household in Malawi Kwacha 

22: AIJ'lInan.l:e's lJW'nil!'TS/IW and household income levels in MA'a~,a .. 

is one 
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a as one 

""" •• <,,,,\.1" l..ua . .lUlll.!'i c,nmlnared to 

more extem1ed. more co:rntletllnl! aernalnOlS 

as 

resource 

I£lt~ctrificaltioln on in M ItUII'U"!IIIlrlil 

.,"T'''''''''''' to ,.." ..... ",r! out may 

not 

to i ...... · ..... ".,,'" Utj'..,ill.l1>C it can 

as 

"u,,, .. _ ... ,,,,, ventures as a 

1;;!1;;·"Llun,ilU.Ull were not 

as 

at 
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as to UTt1,(,Pt"V 

CI8:ss1tled. as ..,.,....,.1''''."'<, 

nevv ventures as a 

nevv ventures. 

~n"u.~. nevv venture 

to 

In one case, to 

OU:Slness ovvner to 

customer 

are attracts more customers than 

ovvners rpl'lortpti 

en'virl[)mnellt is novv 

,","'"""ht< are <uta", •• .,,,, to so vvere eXllenlllea 

to 

Business Contribution made due to eI8·ctn,cltv 

Groundnut Snacks .. before sales 

Other Snacks .. 
Radios .. 

.. Other work done at 

I Clhan::oal 

Kiosks hours and increased sales 

Second hand Clothes 

Table 11: Contribution 

.. Able to offer cold drinks and 
n"',",<::'h,,,,nlt .. foods such as milk 

.. 

.. at 

.. Accounts reconciled at 

.. One 

elf.~ch'icttv to income l!eJrlel'annl! 

to 

un-

use 

56 



Univ
ers

ity
 of

  C
ap

e T
ow

n

owners not at 

a 

two 

new ventures sector 

a more secure "<lti111,0 Vlr(>DIIlent may 

area. 

electrlI1C;atllon pr()gr;am was 

may 

and 

new 

bru~m!ess ventures. This 
ventures use 

the survey bec:aWle 

the 
em.bal~k on new SMEs 
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Case 

Case 4: Its 
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you may need it is 

because these programs will not 
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cost eledrific=atiion ........ orlI"Snn 

",,..tri,..ih, users. "''''''''UV'U is to 

""""LllIU."""'UUU IJj'Vl" .... "" ... so as to 

cost ele:ctrlIl(~atllon 

uses accorOlnl! to most. 

" ..... """"' .... C'OOIKlllli:! was 

most 

1 to 4. 

one "..,.,." .... most 11'n:nr'l11"lu,t Dlemmt was 

it it 

sec:onlQ on a 1 to 

Rank 
,.. 

Information Security D"",.rI;. .... ~~"".I;I , ............ '1:/ 

th, UUYII radio 

1 56.5% 17% 13% 9% 

2 12.5% 25% 17% 17% 

3 10.0% 20% 15% 15% 

4 5% 14% 5% 10% 

Overall Rating 1 2 3 4 

Table 12: ....~r.. of ..;:~~ •• • .:: • .1' ranked in order ofmosl imy .... , _ •• : benefit derived 

was not nec;;es:sal:11) 

current ""UjIJUJl,", .. was a J. ...... ...,~ •. Ull 

as to 

lnt • .,.p"tinalv more men than women stated the benefit of reduced indoor smoke. This is because women 
have been used to indoor smoke and consider it part of their women are not 
eXl)ected to about related to burnt. 

int,.,.",'~til1la to note that most as an 
from electrification. This is because Malawi is a new dernoc:racv. 

had its first democratic elections in 1994 and is to hold its third democratic elections in 2004. 
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is now COlmI10D11) 
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to enable Mr Gama to 
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or 
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1"""'",",I'"t", acc:IC1e:nts can occur to 
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no 
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secure. 

nTl,,,·,r-r e:l{teJllde:d to other 

IS a ma.r.ICe:d 

ele:ctriciltv is U''''L''J.'t;iU 1;;"1.'1;;\';.1411 

homes was the 

were 

65 



Univ
ers

ity
 of

  C
ap

e T
ow

n

MrPaul 

more 

.. v .... " ..... "" ... survey nnrtrl~V,,·t1 

to 

jJH.J'Ul"'llm we 
an 

Ull'lnTp'l1 to 

~.u," ... v~uWcoJmnrunli~ 

66 



Univ
ers

ity
 of

  C
ap

e T
ow

n

cost 

lIu;alllon "'1','"'-''''''''' is starts 

'"''''>I.H'w> Dfoc;ee:Gs to a 

Df()CeSSf:S on 
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to 

not 

4.1 

SOllthl;:m most It is 

was at 

VVUIg, .. v, .. isestlmme:Gto 

areas. 
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at 

7 The Gini coefficient measures income the extent to which incomes 
cOIlsUlrnpl:ion ex~)enlillttlfe) among individuals or households within an economy deviate from pel:rec:tly 
distribution. 
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23: Income ini!~au,alil~ies selected Southern countries 

Source: At.I'ap,tea 2002 

a "",· .. hr'" 

a 

a UH.lilU·IiJJ to 

era. 

IS selni··tra.dil:iolrlal 

1iJ,,',",Ul'au.VU are cal:ne:a out 

68 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Private 
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Eskom gen.era1t10n 

Customers 

14: The structure 
Source: Ad'aOlted/i 

own use. 
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sources may .u .... ' ........... u,."' ........... '" a 

costs. In 

use 

program are m 

cost program was 

belcallse it was ... .n.''' ..... ~. eC()flo'lIl11IC) Olersoe(;tnre on 

to ensure 

to ...... ' ..... ,,"'''' 

assessment must to ensure are 
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Use bo,l'lrtlrs to el(;.~ct,·ifV the is be''IeJiicit.rl in re£lfuciing costs and more 

and other tecl"m)lo~O' o,ptitms sht'Julll be and used where 

One is costs to 

encourages poor 

ESCOM to use that was 

costs access to 

poor cannot to pay costs 

the in that it customer 

uses The use 

costs the in 

one and 

consumer assessment a 

narrow that may to program is to 

if were out 

must contimle to use innlOV'lthre te:chJl01()gi<~s optilons that costs on 

can 

poor, as 

hOtlSellOlcls are offe:red ,,,n'U1110a ca]:lacltles dep'endlmg on 

on cost recovery, revenue consumers 

The ensures cost recovery board costs but the lack 

respOJrtst'I'ellleSS to cost reC,(}Vel!"V ele4r:tri,r:itv cOlllsu""ptlion. In 

the ele'ctr'iciJtv consumers at the eXjrJe",se low 

electrtciltv consumers. 

rate on IS it is easy to adimIllist,er 

consumers. H(1iW(~ve:r. it is unclear was de(:id€:d upon 

on 

In terms cost reC:OVlery, costs 

years. Ho'we,,rer. it not gmlrarLtee rec:ovcerv 

costs energy per hou:sehold it not is 
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to 

consumers. 

is 

to 

cause revenue it is not easy to 

•• ru'U~,il any revenue 

" ... """" .. , '-'''.''J''-''.LU may over recover 

uT~,p1"l,p" (le]pn:~clllIe(l costs eXlstiru! new/ork are 

consumers, are more to 

u"''''' .. ~'''''' users are 

COIlSwnption are 

area. 

customers. It was 

meters 

means 

to 

to 

rate revenue is It is 

is 

is is 

to 

to 

a 

In ratll()nalIslIlg 

consumers. 

consumers, 

costs 

cost .. PT· .... "P .. " use 

consume more 
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structure can rate no 

consumers 

revenue even. For COnSll1Dlptlon 

consumers can consumers. 

bec:aUl)e it is 

structure ..... rn11.r'I"''' 

to ensure not accrue to 

eC(]lnOlnIC burden on 

COJ~CU~SI~~nsandre(:ODlmeD~~al]OIIS 

are 

not res~po>Da to ....... , .. 1'>,.", manner 

can cause it is costs are 

pr(]lgralms must h01JSeho.lds must 

U"'J'~"',UU outcomes. 
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is 

an 

a 

Due to 

source 

exlJendttlllre lJa,ttelrn.~ vary 

eXlpeltlSt:S are th.,,.,,,t ...... ·., alaOltlonal 

to 

OlSilnIDU1:10l1S as 

lectnl1csltlo,n is 

water "'''''IV''''.'''''''' at 

a 

Cal)aClty can cater 

88 



Univ
ers

ity
 of

  C
ap

e T
ow

n

cannot 

move to <Ui'JU"~~ 

pl~!{'tJri{'itv consumers, 

may 

to 

to 

energy burde:n 

pl~.{'t,.i{,#:1J consumers at 

to 

to 

is a 

area 

<Lv ... ,,, ... ,,,, .... Duallc~ts on 

current use 

ul.i.~a •• " .... hous,ehlolcLS are 

are theret;ore more 
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so must 

eCltrU]Clnl~()n. even Ull.LV"'F. Uv ... ,,""'''''''''''. 

to 

terms 

cOlmparf:d to nl'l'V11",O 

not ne,ces~sltate 

rate 

are ValtlatloIls 

to 

....,...,·'--''-n .... is ac(;urnuJlatlng ml:en:::sr 

to nv'"""; .. ..,I,,,<> 

to 

... , .......... v" on 

to "",u''''.A .. fi''.I. • 

......... ,,1'> to Da'VIIlleU[S 

must engage 

concerns 

among consumers, 

Ina,mtenlinc:e costs 

cases 

to .", ........ ," a:nxletlle 

....... ,1". .............. customers. 

to 

cOn:u:JnIt1cees, to .a","H,,...., 

most 

P.ll,f':TOV is 

... ., ..... "" .. ., •• .., ... to a 
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snj~ne'a to tl!ll"cn'il'itv use eSl"ec~iallv 

to 

is nl"l!,PT1JPI1 llVIW><;;;UVIU;:'; have "",,"cn ... to 

to UUll .... "'". D,"' .. ,.fT.i .... ,",'VUI."<I.Jl"''' to 

to other rooms 

In ad(lltlOn, llV11.Jl,,<;;il1V,'U,," 

• Some UV'''''''''l1V'''''' 

• u"'-, .. v • ..., continue to use tra,dltJlonal 

• 
simultaneous use 

• 

....... "U .... ' .. or 

as 

""", .. ",,,,,,rI to have 

reasons; 

low mC,Omli::S or cOInDc~tirlg 

the 

to 
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most UVY;:"'''UJIUi;:' not to new 

were no 

Due to 

status. 

nf()m4ote use 

as 

5.2.5 use 

cost 

sets are 

reason not 

"1"11-'''''"'''''';:' to 

repiairin~ or 

to 

costs 

are 

most 

to a Imute:d "'." .... 'u •• 

to 

92 



Univ
ers

ity
 of

  C
ap

e T
ow

n

memo'ers must 

to 

vu"" .. ,,,, may to 

V"'U"'_"" to mc:rellse il\,;\;"'~;)IUjLU 

not use. Jntoml1atlon "'''''''l'''''.I'';u" must theret,ore 

UICan(m to 

om/tUlle t,npirlct on 

not "I"""''''''' 

mc:oDles or 

resource "'U'"''''''U''''' 

sector 

to 

to 

pnl;rPl11TPn"'I1T<! to 

must 

{\W'IPl'IOP on 

are "nUlf~U 

terms 

secure tra,Ulnlg eJI1Vlr0I1111umt, 

new ventures were two new """"""",""",,_ 

new are a 

area. two new """""Uj,,,,,.,,,,, are hnlillP'VPT an u .. , .. ",,,, .. ,, ... 
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D01tentIal to 

new ventures 

was uu. .... "' ... 

may 

to sector areas. 

Ul)lHv'''' ventures "t<>rl", . .r1 as a 

nOlLlse'nolOs were "tr.,,,j,,,,.r1 not to use 

are attactlea to 

sector are uun,,", ..... 

VALlL'''''' users 

even is 

..... ""' .... nr houslehl[)lcLs out was 

bu:~mless ventures 

new 

areas, areas 

elC)prDel1t is not .. u, ..... ",,) 

a 

vH'~"'l",U "11"'''''''''' to on 

sector 

out 

to 

is 
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", .. ,uu'"""", ventures " .. ,J" ..... may 

new 

membiersas 

... "' .... ""a.u"" and costs 

cost 

extlem;es. In 

women to engage some cases 

to 

access to 

access to may to 

sense 

most 

was as 

most was 

aC31delnlC pe1101!1mmCe, most uU'U",<;;UUIU", 

a .... "" .. h"'" 
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were ............ ' .... 

were; uv....",'-'u,'"'u.", to use 

h01llSe:hOiaS can 

are na:lafaolJS to use. 

corlternplatulg dlSc4::mlllec1:lOn or on 

pr{)gram is not 

to to 

on 

must at 

cases, St)C;';CltlC 

to .lVCLHIU'U1L'IJ. In cases, to 

net to consumers 

nrl"',."' ..... is 

cannot meet 

are not 
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use a .... , ....... J rate to 

an extent 

to ..... ,,"' ... "' .. 

consumers at consumers is a 

a nn"'T'UP 

In 

is a 

"''''''11',.""" a ml11Hll-nlce~'[ea aPlprClac.n. 
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rents 

Fixed 

rate 

1: 

sum amount ... al'Uu:J'> a 

an eccmomv 

hn"" ...... ., - Low cost ofa bulb or 

or peJrce:nt~lge access to 

a lJaJLL ... ,U":U area. 

A 

,",n,,.TUV """"V'''U"''''"'"', eX1Dresse~d as perce:nt~lge 

on 

IS In(le]Jlendelnt It is 

" ... r'v",..,,, ... \., .......... "0 a'C1rrUfliIStl~atllVe costs costs 

as per 

.... , .. , .... u ....... yisnotme:tered. 

A statutolry p.lvrnem, 

is costs 

at cost. 

costs 

addmg capacl1ty to 

u .... ,',.JI'.~.V' ..... to bellletlt poor 

au., ... uJ'> a 

so as to 

power to an 

current 

aelelllleDlt contract - A contract "'~'''''',''M'' but 

an can as 
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or 

mean. 

.. ,.,. ........... meter - Meters 

..,U,',UA"'"..,''' Cle'cre:aSIIDIZ as 

or 

cost 

customers to 

meters 

cOlrre:~DOIDCl to meter ...... ,uu ..... 

Water is Dwno€~d up a"""''''''''''''''' 

A 

to 

on current costs 

houSleh(>1Cl use. 

19t1lOnmg costs 

converts one 

For examole 

rest 

a or UUU~IO!n}lU IS 

cost CICil,;Ull,;llLY per is 

a gellenltor to 

to 
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SUPPLY SIDE BENEFITS AND COSTS OF THE MBAYANI LOW COST 
PROGRAM 

1. tell me your name and Do~ati(m m £JU,"-,'-HU 

2. Does ESCOM on cost cormecti<)ns and "'"''"''1-'"'" in 

3. When were the compact ready board ,,",uum;;,,",uuu~ made? 
Year -"T_ _"- 'of, IS made " 
2001 

2002 

2003 

"",Viii"',",''''''-,,, for the urban 

5. did LU,"-,'-FLU decide to use cODapa,ct 
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6. How many COnrlDa,ct 

Year T .oclltl0n "T. .• of Type of board l'1WUUO;:;l 

ion1<: 

2001 

2002 

2003 

7. What ESCOM use to --------J to connect 

8. Was assessment survey to the tm]plel!lleJltatlOn 

low cost t'OTlnp.t'T1(,n 1"I1rOa1"llTTI? 

9. Was cost 

10. How cormelcticm cost in the year 20007 
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11. How users pay 

12. consumers 

Year Tariff per month 

2001 

2002 

2003 

13. were used to set 

14. How are 

Amount 

15. rate nt",r .. ,..nv'~ ... rper annum cost connection and 

costs incurred 

one COltlV~mtllonaj 
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17. How users COflVeltltlClnal C0l1tnec:n0118 pay cormec~tlOifl in 

years in Mtlav:am on l'IVf·rl'l!:Yp.? 

on 

2003 

18. dOltnelStlc users 

Year Tariff month 

2001 

2002 

2003 

19. Howwas 

Amount 
customer 
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21. ear 2001 as below 
Item 

Conventional 

22. us your oplmOln in tenns to the 

23. tell us your oDlmon in terms berletlts to the 

!'Ul/"Y<1U! compare to of 
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25. in your opuul:>n, connections 

26. How do you rate 
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ELECTRICITY AND IN COMPACT ..... 'U'rlUL".,.,1..:> 

Name oft .. ",! Vl"''''''''! 

Date of Interview: 

ChecKe(l by: 

the face. 

that is either a uV'''''''"uv" .... 

is over 21 years age 

to answer for the hOlllSehOJld not for ,,"LOU'''''''''' 

Lhlf"UJU' that the int;ornnation 
COlnrIlUnicated to other 

Ke:melmbc::r to take note any int,·,. ... ,tin 

for aca,aerIDC purposes 

answers you are not sure about or 

will not 

may 

if apt:)rOt)riate ""JL",-",-"",;:>, 

Kelmelnb€;r to • nt,>nnpUl,p,." for pru11cllpal10n and time . 
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I. Household head and 

1. Please tell us your uame surname? 

2. is the in the 

3. is of the 

4. is status house space 

5. Howmany in the house? -------------------------

II. Electrification 

6. you receive ele(~tru~lty your 

7. you Yes [ ]No[] 

8. you un(ie~.tanld what the COIUlel;;UOID o1t1erea'! Yes [ ] No [ ] 

Please I;;AIJ'''JLU 

9. you un(1e~;tanld to Yes 
[ ] No [ ] If"No" 

to. How you pay per DOW? 
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II. How do yo" oompare t~ ease of paying for eketrioily wilh the ea,. of buying tiJ~ls ,uch as 
paraftin, charcoal and firewood. Pica"" e'p la,n. 

]2. How woulJ yoo compare the ea,,, of paying for e~clricity u;;ing t~ taritl' used here to the 
ease of paying for eleotrioity Jel'<'nJing on your consumption as hou""ookt. wilh moter"d 
e~otticity del? Plea,e explain. 

(E1lUmeMtor: Plea,e remember /0 ~xpla;" uhl>ut metered eleclrici(f~ 

III. Fud Usago and EloctTif1cati<Jn Ilenefit; 

U. What di( '0" "'" lor! , " h f II OWH\Q ~ ore e eetl'! lcatlOn. , , , 
Cod. Activity F~eJ ch"'". (,) H"w"fteu 

- --
13a Lighting 

-
Dh Cooking 

-
13c lronitlg 

13d Rodio 

~3e Televi,ion (TV) , - -
13f fl.d'rigeTalio/l 

, 
_. 

• 13g Wm~Thealitlg , ---
13h H"""" cooling 

, , 
-

-

,Vha! d<J \\)" m e for the lo~ow~,,~t\(lW (n'!"C"'-",.,""C'CCc'""'m""''-____ c"'=-'"= __ , 
i Activity Fu.l d",i"e (0) lIo .. oftou . , 

- - ... ... -"._ . 

~ 
Lighting 

, 
-

Cookiug 
-

;;, Jrouing 
-

I 14J Radin 
-- - -- _._---- f --", Te~vi,ion (TV) 

- -- ------ ----- --, '" fl.d'rigeralion 
--

'" Water heating , 
- -

'" i lloo;;., moling , 
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I 'i, ",,'It, dem'_1 ):'ou. u"'_~!C~I['iCir' ,',',',':;:C;:;-::O;CCCC:;;;;:;: 
Code I Ar(h i(~ I{e~_",n f()r Dot u,;n\: eh'«ddl)' 

---
-----j=cc'---+---'------'--------' 

15a Lighhng 

15b Cookinll 
._-----1 

15c Ironing 

15d Radio 
----I 

fJs~ Televi,ion (TV) 

ISf R"frigeratioo ---, 
14h House cooling 

l4i Other, (,;p«:ify) '------'_--'-_---L ____ _ 

16 What electrical apr lance, do yoo have? 
Code AppliaDce 

<0, 

! O"ner,h;p ('lark "ith ~ !i~~- it ' 

! h.-.u,ehold I>O~""'"' t.e ~pplj~.<e ; 
=c-===---'---- -- .. ....... - . - ' --

Hotplate (Specify number of plates) 
---------', 

'" Swve 
-

'" Iron (specify whether dry or steam) 
---------.e 

'" Radio 

'" Televi,ion (TV) ~~~~~----~,-------

,or Refrigerator 

'" Water Boiler ~~==------------

,0> ,~ 
1-.7.'-~=__------~----

16i ()then (Ple .. e specify) f,,;;-~===;;;;_---- --- -

17. Has your household benefilc'd from the connection"! Yes [ J No [ J 

18. Whal are the W")'$ in which your household ha, b<.-ndited from the .le~1rification program 
cotmrCllon? Please rank the benefill; of el..::tricity in the order in which you perceive to be 
most useful to)"OO . 

. ,.. - -
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19_ PI~a."" elah<lmte on the bene fit> mcntioro:;d in Quc"ion 18 

IV. Hou«hold '"come and Exp~nditurc 

lIow much did the followin~ r"ds co" vou..!",! month hef!ll'e the "l~ctri!lc"lion? ___ , 
: Fu~l T~'IW -- .--.-.-- An~.7;ll;i--;;-f fuel p .. - Co,! in MK 

mODt" 

------~------~------
---I 

! 17c I Paraftln 

~""d-+,~,"C,C:d'Ch-- ------1-------+----- -
'-,:---+.=~-------I 17e Electricity 

-- - ----- -~ - ------I 
17f Car lhneri~s 

17g 
------~-------+-------j 

Olh"r(Sp"cify) 
------

T olal (Do not fill in Ihi' row) 
L_~ __________ ~ ________ ~ __ ~_ 

" How moch ,10 the following ru~I." eml ")u """ month w,w ("Ikr ~lectriticali"n)? 
Coo. I'ud Type Amou~t 0' ru~l '" C,,,t in MK 

month 
- - - --

Wa firewood 

'" Charco"l 

ISc PaTaffin 
--.- - -- ----

lSd IlryCdl, 
- -.--- - ---,& FI"ctridy 

- --- - -- ---- -- . ---
m Car flaneri~, 

- ----------- ----- ----
Igg (llh"T (Spt;ci fy) 

-- ----- - -- - - - -
],,,1,,1 (Ilonot fill in Ihi, row) 

'" 
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" ","" , , " II OTl thc , II(~~ 

i c"", " ,",m 

i "" Rc[\~'Mortga~e 

! >Ob h~' 
-

1 m, w"''' 

'" alt 

I m, " ,,,' 
1

m " 
1
m, , .~ 

, ",'I "lilT' lhi, row) 

'J WI> " at j, your moun v"X , 
'll( Iwrci , I ~ 11 Olltl~ " OWill now , er ~ ectn ,w,{lonl". 

Codo Item Monthly Co.1 

20a Rml/Mortg"gc 

211b ''''''' , 

Goc -
, 
r-- . 

V,rater I -- ---- _ ... _-

'" Health , , 
_N _ • 

", S~ho()1 Ie"" , 
20f Trollsport i 
00, Oth~r (Sp.,eity) 

, , 
r- , 

TOla! (Do not 1m in this row) I 

24. 11o" many of tl", f"'oric I~~ing hcr~ ~~H!1!!2\l'c ID 110,,&,hol<1 ~XPCllSCS'! 

I Per,oll t C"n{"hut~,. F"'quclI<)' 
! - . . -_.-

i. E.g. Daught~r I (ifoccncs " ~"'h (sp<:cify Weekly/monthly cl~ 

I Am()).'t) 

1-
I 

... -

, . , 

~ 

25. W ",( are VOlJI main '(jurces 0 Incom," 

S"urce A •• wunt Froquc.oy -Salary 
.. 

Rcnlol< 
.. 

H u< i ncs." Specify ll.tu", " bus;!>!;,,) 
-_. 

GiftslR"min""~".' 
- , 

---- ---- .. 

! Other (rk."" ,"",city) 
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26. Describe the bllsine .. that you undertake. Please specify whether it;" home based or not 

27. Did ,he busine .. start as a direct result of electrifIcation'! Yes [ 1 N<.' r ; 

28. How has !he business benefited from the electrification? Please explain. 

29. Please tell us anythini: relallng to be..,fim and cost of electricity, which you feel you did not 
have tbe chance to explain Or clarify any o!her matter relating to !he .urvey? 

Note to enu",ecato r : Please remember to thank the respondent for participating in the SIll'\'ey. 

". I 
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literature review , 
products mix with air and burn This secondary release of energy has little effect on 

the btast wave property since it is a much slower process (TM5-1300 [15]) 

Surrounding Air 

Unreacted Explosive 

• Reaction Zone: 
Detonation Front 

'- Reacted Explosive 

Figure 2.1: Illustration of detonation front propagating within the explosive 

The blast effect of the explosion comprises a shock wave composed of a high 

intensity shock front created by gases from the chemical reaction during detonation 

A compressed layer of air is formed in front of the expanding gases that contain most 

of the energy of the explosion, as shown in Figure 2.2. The shock front expands 

outward from the surface of the explosive into the surrounding air, This is called the 

blast wave. The blast wave speed is much slower than the detonation wave [15]. 

$urroWKiing Air 
Explosive gas ~ 

/ 
Blast wave froot-' Compressed layer of air 

Figure 2.2: Illustration of expanding explosive gases and blast wave front 
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The expanding blast wa~e interacts with structures it comes in cootact with along its 

path The magnrtude and distnbution of the blast load is dependant on the following 

factors [15]: 

• Explosive properties 

Type of explosive 

(0 Energy output of the explosive 

Charge mass 

• Location of structure relative to the explosive charge 

• Magnitude and reinforcement of blast pressure by Its interaction with the 

structure 

2.1.2 Types of explosives 

E)(piosives are di~ided into two categories, namely 

Initiating/Primary explosives - these are very sensitive materials that can 

be easily detonated by friction, spark or impact An e)(ample of prima!)' 

explosive is Lead Az:ide 

Lead Azide - the major initiatil1g e)(plosive used in most detonators and 

blasting caps, It is extremely sensitive to sparks friction and impact leading to 

initiation of the e)(plosive. Lead Azide has e)(cellent storage characteristics 

and is stable up to almost 270'C, 

Properties 

Density - 4 38gcm" 

Detonation ~elocity - 5500ms ' 

Secondary explosives - these ha~e higher energy content than initiating 

explosives but are stable and insensitive. Detonation is only possible through 

sudden and intense shock delivered using blasting caps or purpose built 

detonators. TNT and RDX are common examples of seconda!)' e)(plosives 

TNT - thi!: is the most commonly produced millta!)' e)(plosive, It is relatively 

insensitive to sparks friction and impact TNT requires a detol1ator for 

initiation, TNT is only slightly soluble in water, hel1ce can be used undetv.later 

without water proofing, 

Properties' 

Density -162gcm' 

Detonation ~elocity - 7045ms" 
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RDX - this explosive is stable and less sensitive to spark. Iridion and impact. 

RDX requires a detonator for initiation, It is only slightly soluble in water and is 

non-hygroscopic 

Properties: 

Density -1767gcm-' 

Detonation velocity - 8639ms-" 

2.1.3 Detonation 

Rinehart and Pearson [16] describe detonation as the decomposition of explosive 

material into hot gases The detonation front travels through the unused part of the 

explosive at speeds of the order of several thousands of metres per second leaving 

in its wake gases at high temperature and pressure, 

In an ideal case detonation can be viewed as a sharp discontinuity travelling through 

an explosive at a constant velocity referred to as the detonation velocity (v ... ) as 

shown in Figure 2,3, 

Explosion 
i'roouds 

p,T P 

High 
T~mpcraturc and 

Pr~ssurc 

\ 

Detonation 
Front 

I)nr~ad~d 

Explosi\'e 

Figure 2.3: Idealised Detonation Process Parameters [16] 

The initial condition of the explosive is shown in Figure 2.3 in front of the detonation 

front, characterised by its dellslly Po and temperature T 0- The explosive is assumed 

to be completely reacted behind the detonation front. The hot gases that are released 

from the explosive readion fill the volume behind the detonation front at high 
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temperature. T arid high pressure, P, compressing the hot gases to denSity, p, that 

is higher than the initial explosive den5ity (Po) of the unreacted part of the explosive 

ahead of the detonation front and imparting ~ particle streaming velocity of u towards 

the unreacted part of the explosive. 

2,1,4 Reaction zone 

In section 2.1.3, it is a55umed that conversion of the 50lid explosive to gaseous 

products happens instantarleously durirlg detorlatiorl. In reality, this is riot feasible as 

all chemical reactiorls occur over a finite time Therefore the boundary betweerl the 

reacted and unreacted parts of the explosive is riot sharp but rather of firlite 

thickness. as shown irl Figure 2 4 

Compktdy 
R~aeled 

Explosiv~ 

Reaction 
Zone 

Un-readed 
Explosiw 

Figure 2.4: Schematic view of the reaction zone in an explosive 116] 

The size of the reaction zOrle has arl important influerlce Orl the geometry of the 

explosive charge. In unconfined explosive charges the gaseous products can expand 

laterally and literally blow away un-reacted explosive before the completiorl of the 

reaction. In the case of very thirl sheet or elOllgated cylinder (charge length much 

greater than charge diameter) 5haped expl05ive a5 shown in Figure 2.5 (a) and (b), 

this could result irl incomplete detonation due to dissipation of energy due to 

mechanical dispersiOll of un-reacted explosive, [16]. 
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(b) Th;n sho"t oxplos;~o 

Ie) D;5C 5h~pcQ CXpI05;YC 

Figure 2.5: IllustratiDn of elongated cylindrical. thin sheet and disc shaped 
explosive 

The combinJtion of reJctio'l zone size a:1d mechan·'cal dispersio:1 of un-reacted 

explosive contribu~e to the cIloice of chacge geometry In the case 01 disc shaped 

explosive (charge diameter is greJter than cIlJrge height) as shown in Figure 2.5 (c), 

detonated J~ the centre of ~he charge diameter, the explosive thickness (charge 

heig ht) must be larger th a:1 the size of th e reaction mne fN that pJrticular explosive 
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2.2 Blast wave phenomena 

Smith and Hetherington 118] describe the blast wave pheoomena as a sequerlCe of 

events that follow the initiation of an explosive The rapid release of et1ergy from the 

detonation converts an explosive charge into very high pressure gas (10 - 3OGPa) at 

very high temperature (3000 - 4000'C). The gases expand violently and the 

surrounding air is forced out from the volume it occupies. A layer of compressed air 

at high pressure is formed in front of the expanding gases which contain most of the 

energy from the explosion. This pressure front is referred to as the blast wave as 

shown in Figure 2.10. [18]. 

Air 
/- Detonation front 

Biasi wave propagating 

outwards from the explosive 

Figure 2.10: A simplified figure of detonation front propagating through an 
explosive and the blast wave propagating from the explosion 

As the explosive gases expal"ld the pressure drops to atmospheric pressure as the 

blast wave travels outwards from the source. Similarly. the pressure of the 

compressed air at the blast front also falls with il1Cfeaslng distal1Ce. As the explosive 

gases expand they cool al"ld their pressure drops slightly below ambient pressure. 

This is because the gas molecules have mass and are moving It takes some time 

al"ld further distal1Ce of trav~ before their momentum is zero. The gases are now 

·over·expal"lded· and the result is a reversal of flow towards the source driven by the 

small pressure differential be!lNeen atmospheric conditions al"ld the pressure of the 

gases. This drop in pressure is referred to as the under pressure [18]_ 
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2.2.1 Blast loading categories 

The description of different blast loads described in this section is a summary of 

discussion in TM5-1300 [15] 

Blast loads can Oe classified into two categories. 

2.2.1.1 Unconfined explosions 

This type of blast loading occurs above the surface of the ground. either in free air 

(free air blast). a certain distance abo~e the ground (air burst) or a surface blast 

(explosi~e placed on the ground). 

• Free air blast - In this case. the explosive is detonated in air sufficiently 

away from the ground such that shock waves propagate away from the centre 

of the explosi~e and arri~es at the target without intermediate amplification of 

the wa~e as shown in Figll"e 2.11. 

Figure 2.11: Schematic of free air blast 
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Above ground - in this case. the explosive is placed at a predetermined 

distance above the ground such that the shock wave is reflected off the ground 

before arriving at the target as shown in Figure 2.12 

~. \ 

0 , , 
r- ~-

y 

'// 
Figure 2.12: SChematic of above ground btast 

• Surface blast - in this case, the explosive IS placed near or on the ground. 

When detonation is initiated the subsequent shock wave moves from the 

centre of the explosive and is amplified by ground reflections as shown in 

Figure 2.13, 

Figure 2.13: Schematic of surface blast 
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2.2.1.2 Confined explosions 

This type of blast loading occurs in cases lYhere the explosive is placed in a confined 

space The level of confinement is described as follows. 

• Fully vented - this type of blast loading will be produced near a barrier or 

confinement The resulting shock wave is amplified by the rigid surfaces of 

the barrier or confining strucLire. The products of detonation are vented 

completely into the open air creating a shack wave moving away from the 

structure An example is a cubicle as shown in Figure 2.14. 

o 
Explosive 

Figure 2.14: Illustration of fully vented blast loadillg 

• Partially vented - in this type of blast loading the explosion occurs wit"in a 

confining structure wi~h limited opening to allow venting as shown in Figure 

2.15 The initial shock wave IS amplified by the r~id surfaces of the str.JCture 

The products of detonation are able to vent but only after a finite period of 

time The confinement of detonation products results in the accumulation of 

h~h temperature and gaseous products This is associated with a build up of 

gaseous pressure This pressure has longer tme durat:on compared to Shock 

wave durat:on 

o 
Explosive 

Figure 2.15: Illustration of partially vented blast loading 
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• Fully confined - A fully confinoo sxplosion occurs when the explosive is 

detonated insids a completely enclosed structure as shown in Figure 216. In 

this case the internal blast load conSists of ths un-vented shock wave and 

long duraton gaseous products 'Nhich is a function of the degree of 

confinement 

o 
Explosive 

Figure 2.16: Illustration of fully confined blast loading 

2.2.1.3 Effect of confinement 

When an explosion is confined within a structure. ths associated shock wave 

pressure is vsry high and amplified by multiple reflections within the structure The 

products of detonation. (the gaseous products from the chsmical reaction Involved ,n 

the detonation) exert additional prsssure and substantialiy increase the load duration 

The combination of these factors leads to larger loads appl;sd on the structure. A 

typical pressure-tlms curvs for a confinsd explosion is shm.,~ in Figure 2.17 Ths 

initial incident and reflected blast waves are followed by ssveral reverberating blast 

waves whose amplitudes are attenuated by the irreversible thermodynamic process 

of detonation 

r 
ReYe<berat,ng 

Blast Waves 

G .. ~ Pre$5Ure 

Load 

Atmo$pheric 
_______ ~, P'.$suro 

Figure 2.17: Pressure-time history for a confined explosion 
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An example of using blast curves is as follow, 

Assume 1kg of TNT sphere detonated at the centre Determine the blast peak 

overpressure, duration and impulse at a distance of 1 m from the explosive, 

Scaled distance Z is given by 

L=~= 1m 
W !" {lkg ).1'; 

From the chart shown in Figure 2.22 (dashed lines are used as guides for the 

reader), the peak pressure, duration and impulse are interpolated. 

Peak pressure - 1 O'Pa " 1.00MPa, 

Blast duration - Q.OO2sec" 2ms 

Specific Impulse - 200Pa.sec 

The peak overpressure magnitude determined using the blast curves is similar to that 

obtained using the blast overpressure equations described in Section 2.2.5_ 

2.2.7 Reflected pressure 

When blast waves encounter a solid surface denser than air it will reflect from it The 

simplest case is that of an infinitely large rigid surface onto which the blast wave 

impinges upon at zero angle of incidence. In this case the incident blasl wave front 

travelling at velocity U undergoes reflection when the forward moving air molecules in 

the blast wave are broughl to resl and further compressed by the following air 

molecules. This induces a reflected overpressure on the wall whk;h has a greater 

magnitude than the incident overpressure as shown in Figure 2.23, 

Figure 2.23: Illustration of incident and reflected pressure 
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The equation for the reflected pressJre is given by eq 229, [181 

~l' (711)+41') 
f' = - 7] 0 +1', ' (KPa) 

Where, p, - reflected pressure, P, - incident overpressJre (KPa) 

leq 2.29) 

Following the example from Sec:ion 2.26 of a 1kg TNT spherica: charge detona:ed at 

the centre. The charge is placed 1m from a rigid wall. The incident peak 

ove:pressJre is 1 OOMPa The reflected pressure is calcUlated using equation (2.29) 

f' = 2P, (710-+41'J = 2xlOOO(?10+4xl000) 

, 710 I P, 7[0 + WOO 

Therefore, 

P = 5508.77KPa = 5.51MPa 

The valJe of the reflec:ed pressJre is 5.5 times greater than the incident pressure 

calculated in Sec:lon 2.2.6 

2.2.8 Shock waves in tubes 

2.2.8.1 Shock tubes 

The response of strJCtures sub)ected to shock loading has been studied for many 

yea:s using shock tJbes. It enables researchers with a simple and efficient way of 

sJb)ectlng structures :0 shockwaves. A s10ck tJce consists of a high pressure and 

low p:essJre sect>:lC"1 separated by a diaphragm as shown iC"1 Figure 2.24. The driver 

section is pressu'ised with gas 

High Pressure 
Section 

LOIN Pressure 
Section 

Figure 2.24: Principle of the shock tuDe, [201 

The hig~ pressJre charnber is filled wi:h gas un:d the rnernb:aC"1e is ~uptJred A shock 

wave :ravels through ~he lOW pressu~e charnber aC"1d ~oads the test plate fixed on the 

end of the shock tube imparting a ~igh pressure pulse. The vessJre-tirne history of 
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:he load is r:leasclred clsing piezoo:ectr,c trar1sd·.x:er placed along the lengl.'1 of the 

shock :ube. (Stoffel, [20]) 

Shock tu~s are des>gned for dlfferer1t requiremer1ts Kosing ar1d Skews [2~1 report 

,iquid fll.ed shock tubes used for high speed forr:ling of plates. The pressure energy 

is used to forr:l metal plates to l.'1e des:red shape. The liqclid shock a:lows for 

cOl'trolled delivery of the requi:ed er1e:gy lor defo:m<ltion A typicai pressu:e-time 

histo:y for a shock wave uaveiling down the length of a liqclid shock tu~e is shown in 

F:gure 2.25 The figure s:~ows t:'"Je pressure-time :~istory of t'"Je shock wave at three 

poir1\s along the iength e>f the s:')Qck tube The differel'ce In peak p:essure ~tween 

l.'1e top and r:l;ddle graph is atuibuted to sr:lali loses wlt.'1in t.'1e tUbe. T:'"Je be>ttOM 

graph (:ransducer closest te> t:'"Je piate) she>ws a sUdden drop in p:essclre due to 

deformation of the plate. It should be noted that no reflections are obse:ved T:~is is 

attrib'Jted to complete absorp:,or1 of presseJre energy ~y the pl~te deformation 

p:ocess [6] 

, . - - - - y-- • 
I' 
I , , , , 
i 

, , , ,,~ , " 

~ :: 
, r: \\ 

, , 

o " 

J ~: 
, , 

, 

" 
micro '~I 

Figure 2.25: Pressure·time history of 3 shock wave travelling down a shock 
tube me3sured at three different locations On the shock tube [21] 

-
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2.3 Structural response of plates subjected blast loading 

The respo:lse of fuily clamped metal piates subjected to uniform ana localised blast 

loods has been stL.;d:eCl for many years Experimentai work on beams. plates and 

shells ras been \·~dely reported Nurick and Martin [1 2J present an overview of 

treoretical and experime:ltal work conClucted in this fieiCl pre 1990's UnJormly 

distributea imp~lsive loads were cO:lsidered In subsequent years mild steel plates 

subjected to circular localiseCl blast 10aCls are reported by Nurick et al [6 - 8] 

2.3.1 Impulsive loading - experimental methods 

Unaerstanding tre respense of structL;res te Impuls,'ve leads requires trat ir.pc;t ar.d 

respor.se parameters are well def:ned ar.d consisten: [24[ The fellowing 

experimental methods are wide~ L.;sed to simulate the response of s;rc;ctures to 

impdsive loading 

• Air pres5c;re waves ger.erated from explosive aevices 

• Impulsive leading L.;sing plas:ic explesives mounted directly, and 

• Pressure pulse created us'ng pressure Clifferential between two a';r chambers 

2.3.1.1 Air pressure generated from explosive devices 

An explesive device is aetonated in air and structures to be investgateci a"e secured 

c;sing clamping irames ana placed in the path of;re pressure wave, Jacint~ et al [10] 

investigated Clc;adrangc;lar steel p.ates 0.95mm and 2 lmm thick subjec:ed to b:ast 

loads uSing tris method Tre experimental setup usea by Jacir.to et al is srown in 

Figure 227 11'e plate dimensior.s were 0.95 x 0.95m anCl 1 Om x 1 5m Tre 

explosive L.;sed was Gelamon VF80, with a TNT eqL.;ivalency of 80% 
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Figure 2.27: Photograph of experimental lOet up used for air pressure generated 
from explosive devices [10] 

The pressure time history of the blast load was recorded using Honeywell 180PC 

pressure sensors. A typical pressure time history is shown in Figure 2.28, The 

dynamic response of the plates was measured using accelerometers placed on the 

plates, 

~'lI r 
7 0 • - -

60 1 
5,0 ~ 

~ 
~_U ~ 

~ .1,0 ~ , 
j 2,0 t 
l' 1.0 ~ 

(1,1) 

." 
'" 

_'I,ll 

"'" ~, I , ". 0, I ~ 6,20 

Tink:(s) 

Figure 2.28: Typical pressure time history for air preslOure generated from 
explosive devices [10] 
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2.3,1.2 Impulsive loading using plastic explosive mounted directly 

A k:low:l m~ss of rlastic 6xplosiv6 is shaped to the required geometry and placed 

onto polystyrene r~cis, as shown in Figur6 2 29, The polystyrene paci attach6ci to th6 

test sr6cimen is clamped on;o a bal;istic penciulum as shown i:l Figure 2,30 The 

imrulse ~rplieci by the explosive is measured :rom th6 oscillation of the pendulum 

This method has bei!n used by Nurick i!t al. :2 - 81 for un:form a:ld localised b.ast 

lo~cii:lg of mild ste~ piates of differen; gecmetries and thick:16SS6S 

r" ,,,'.,.""~ "" """""' ....... , 

• •• 

Figure 2.29: Schematic diagram of two different explosive geometries 

Figure 2.30: Photograph of experimental set up for Impulsive loading using 
plastic explosive mounted directly 

• 
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a} Uniform impulsive loading using plastic explosive mounted directly 

The plastic explosive is laid out in concentric annuli of the shape of the plate, as 

shown in Figure 2.31 (a) and (b) connected by a cross-leader of explOSive The USi! 

of concentric annuli as opposed to using explosivi! spread over the entire plate area 

is necessitated by the i!xplosivi! failing to detonate if charge thickness is less than 

2.0mm, as reported by Nurick and Martin [251 using sheet explosive Metabel. This 

imposes a restriction on the charge mass that can be used, as charge thickness is a 

function of charge mass and exposed plate area The arrangement of the concentric 

annuli is such that there is on average a Uniform distribution of explosive mass over 

the plate [25]. A polystyrene pad is placed between the explosive and plate to 

prevent spallation of the test plate. 

This method was used by Nurick et al [2 - 51 

The concentric annuli are set out as follows: 

Circular: r, " 0.41 R; r, " 0.82R 

Square: I," O.49L; I, = O.84L 

Rectangular: 1'1," 0.50W; 1'12" O.87W; b," 0.508; b,," 0.878 

r 
. 

" " • 

" .•.. 
• 

" 

(0) Exp",,""" 00l1 0ont,,0 ri ng 
layout for 0=1", pl~te, 

" 
' . 

EB !@J 

ibi E>pl osive oonoe r.: no ri og 
layout for qoJodrMgOJlar plates 

Figure 2.31: Explosive layout for uniformly loaded circular and quadrangular 
plates 
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---------------
b) Localised loading using plastic explosive mounted directly 

A disc shaped explosive is laid on a polystyrene pad ranging in thickness from 12mm 

to 16mm. The explosive height and diameter is based on the loading required [6 - 8]. 

The pOlystyrene is attached onto the test plate which is clamped between two 

clamping plates and fixed onto the ballistic pendulum. The general layout of localised 

loadil'lg is shown in Figure 2.32. 

1 9 L",jo, (PE4) ~ 

Plastic Explosive PE4 

~'e" plate 

Clamping plate 

Detonator 

Polystyrene 

Figure 2.32: Explosive layout for Circular localised blast loads 
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2.3.1.3 Pressure pulse created using pressure differential between two air 

chambers 

This method uses pressure differential between two air chambers to impart dynamic 

load onto the test specimen clampE!Ci between the two air Chambers via the timed 

blow-down of the chambers This method has been shown to produce uniform load 

distribution across the structure (Langdon [24] and Schleyer et al [26]) The 

experimental test rig is shown in Figure 2_33_ A typical pressure time history of the 

load is shown in Figure 2 34 

Figure 2.33: Photograph of pressure pulse loading rig 124] ,., 
" .. 
Iw , 

! 
, 

• , , 
• 
• 
" 

'. 0 0 • • • • • 

Figure 2.34: Typical pressure time history using pressure pulse loading test rig 
126] 

I 
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2.3.2 Uniformly loaded plates 

The studies of impulsive loads on thin disc or circular plates were flrsl conducled 

during World War II, a review of different experimental work in this field is reported by 

Nurick and Martin [1] 

2.3.2.1 Thin plates subjected to uniform blast load 

Experiments on thin mild steel plates subjected to uniform blast loads have been 

reported by Nurick et ai, [2 - 5]. Nurk:k and Martin [2] report the development of 

dimensionless impulse numbers for the different plate geometry (circular and 

quadrangular) and empirically derived equations for predicting large permanent 

transverse displacement of the centre of the plate The failure of clrcular plates was 

investigated by Teeling-Smith and Nurick. [5] The effect of increaSing impulse on 

plate mid-point deflection is reported. It is stated that plate deflection increases with 

increasing impulse resulting in thinning at the boundary. Further increase in impulse 

leads to partial tearing along the boundary. followed by complete tearing. The mid­

point deflection decreases as impulse is further increased beyond the threshold of 

complete tearing at the boundary as the failure tends towards complete shear. Figure 

2.35 shows the transition in plate deformation reported by Teeling-Smith and NuriCk 

[5]. AnalySiS was performed to formulate an energy balance equation in terms of 

input energy and deformation. tearing and disc energy 

Increasing Impulse 

~ 

Mode I 

Modell 

~ 
Increasing Impulse 

t i 

Figure 2.35: Changing mid-point deflection for increasing Impulse (uniformly 
loaded circular plates) [5] 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Literature review 

E:.:periments on uniformly loaded square plates are reported by Nurick and Shave, 

[41. Different failure mechanisms were investigated ranging from large inelastic 

deformation to partial tearing at the boundary to complete shear. Plate deformations 

are similar to those reported by Teeling-Smith and Nurick [5] for uniformly loaded 

circular plates The mid-point defiection increases for increasing impulse until partial 

tearing initiates at the middle of one or more sides of the square plate as shown in 

Figure 2.36. Further increase in impulse results in complete tearing on all sides of the 

plate with increasing mid-point deflection followed by decreasing mid-point defiection 

as the plate failure tends towards complete shear at the boundary with no significant 

mid-point defiection as shown in Figure 2.37. 

---
Figure 2.36: Increasing mid-point deflection for increasing impulse with partial 

tearing along plate boundary 14] 

Modo, 

Increa5ing Impul:;e 

• 

• l .. c' .... lng Impul ... 

Figure 2.37: Changing mid-point deflection for increasing Impulse (uniformly 
loaded square plates) [4] 
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2.3.2.2 

---------

Effect of boundary fixation on thin plates subjected to uniform blast 
load 

The effect of different plate edge fixations is reported by Thomas and Nurick [9] Fully 

clamped plates u&ed by Nurick et al [2. 4. 5] were compared to built·in plates 

macllined from 20mm thick mild steel plates to approximate thickness at the test area 

of 1.6mm. as shown in Figure 2.38 The results showed that, in the case of large 

inelastic deformation with no tearing at the boundal)' the mid·point deflection of 

clamped circular plates and built-in circular plates are generally within ±1 deflection­

thickness ratio as shown in Figure 2.39. However it is noted that curvature of the 

plate deformation near the boundary starts within the clamped region for fully 

clamped plates. In the case of built-in plates the curvature of plate deformation 

begins at the boundary as shown in Figure 2.40. Partial tearing along the boundary 

occurred at lower impulses for built-in plates compared to clamped plates. It is further 

stated that clamped plates do not fully prevent in-plane movement of the plate during 

impulsive loading This behaviour is also reported by Schleyer et at [26] for pulse 

pressure loaded mild steel plates 

IOIF" 'lyc'. mp" ., .... 

(01 ""'It_," ~ .. t .. 

Figure 2.38: Schematic of different plate boundary fixations [9] 
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" , 

0 "I " , , 
• • , 
• 0 '" • 
" , 

iJH . 0.S2J + 1.00 

~ . 
• 0 " 0 ---+ 

l 
< • ,, -, , , , • -0 __ 

, , 
I 

_--cO l --
• r- _- ---

• r-• , 
" " Impulse (Ns) 

~ Nu~ckand Martin [ZJ • Tuling-Smith and Nurick [5] c Thom ••• nd Nurick [9] 

Figure 2.39: Graph of mid·point deflection - thickness ratio versus impulse for 
large inelastic deformation (Mode I) of flilly clamped circular plates [2, 5] and 

built·in circular plates [9] 

---=1 

~ 

--

Figure 2.40: Schematic of difference in plate deformation curvature near the 
boundary for fully clamped and built·in plate:> [9] 
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Nurick et al !3] investigated the onset of thinning for different diameter circular mild 

steel plates clamped between two thicker clamping plates with different edge 

conditions, as shown in Figure 2.41. The ctamps featured sharp edge or fillet radii of 

1.5mm or 3.2mm Observations from the experiments showed that thinning occurred 

for all plate diameters with sharp edged ctamps. however. plates secured using 

clamping plates with fillets showed larger deflection before the onset of thinning and 

tearing. The necking at the boundary observed for sharp edged clamps exhibit sharp 

indentation due to the clamp followed thereafter by stretching and thinning. In the 

case of curved edge boundary the thinning is similar to that observed in a uniaxial 

tenSile test. 

",0< ~ ..... 

(~) Clamping ,lot • • w'th em" ........ gu 

Figure 2.41: Schematic of edge boundary conditions for fully clamped plates 
[3] 

2.3.2.3 Effect of stiffeners on thin plates subjected to uniform blast load 

Nurick et al [27, 28] report experiments using strffened plates. The stiffeners and the 

plate were two separate components clamped together by two support plates. The 

test plates with the stiffeners were subjected to uniform blast loadS. Nurick et al [29] 

also report on experimental work on built-in stiffened quadrangular plates. The 

stiffener, plate and boundary are machined from 12mm thick plate as shown in 

Figure 2.42. Chung Kim Yuen and Nurick [30) report an eXperimental investigation 

into the influence of different stiffener configurabons as shown in Figure 2.43. The 

results indicated that for large inelastic deformation there was a general trend of 

increasing permanent displacement with increasing impulse similar to un-stiffened 

plates In case of tearing at the boundary. the behaviour is Similar to that of un-
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sllffened square plates. The tearing occurs at the middle of the sides and then 

progresses towards the corners as the impulse increases. Chung Kim Yuen and 

Nurick [30] report that tearing is not reduced by stiffening the plates. The stiffeners 

restrict the plate to deform plastically causing tearing to occur at an impulse that 

would normally cause an un-stiffened plate to deform. Other experimental work has 

been reported by Langdon et 011 [31] on stiffened plates subjected to localised blast 

loads. The results show iIlcreased influence of stiffener configuration. A stiffener 

located along the mid-line of the plate significantly reduced the overall plate 

deformation. However, premature teamlg occurred at the plate - stiffener interface 

rather than at the boundary as reported by Chung Kim Yuen and Nurick [30] for 

uniformly loaded stiffened plates. 

0 0 

t 

0 0 

Figure 2.42: Schematic drawing of a buill-in plate showing required stiffener 
configuration machined from 12mm thick mild steel base plate [29] 
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'--,,--, 

J II 
(a) Uns1ll'rened (b) Si"9Je 'tlffeood (e) Doubl e . tiffeneo 

0 1 
o~ 

(d) ero .. 

I ~-:lJ 
ULL 

Figure 2.43: Schematic drawing of different stiffener configuration [31] 
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2.3.2.4 Modes affai/ure for thin plates subjected to uniform blaM loads 

Failure modes of structures were first classified by Menkes and Opat [32]. for blast 

loaded beams . 

.Hode 1 - '-urge jndll.\"fic dej"rmuliml oj the entire beum 

Mode TT - Teoring (!emilejoilure) 'if the heom moterjlllilf the supports 

Mode TTl - Trlln.Wl'rU .Ihellr joi/un! ojthe bellm material al Ihe ~'uPl'orts 

'" 

'" 

! oj 

Figure 2.44: Permanent plate deformations 
(a) Mode I, (b) Mode II and (e) Mode III 

Nurick et al [15] further subdivided Mode I failure to describe necking partially and 

completely around the plate boundary 

Mode la - LUrJ:e illelaslic dejormalioll .... ith llec1.illg orollntl pllrt 'if Ihe 

h,lUndor)" 

Mode Ib - Large inelastic deformution .... irh necAillg oround the entire 

h"'lIldtll)" 

The lower bound of Mode la is the phase where some part of the boundary exhibits 

necking As the load is increased, necking progresses to cover the entire boundary. 

(upper bound of Mode I) and is designated as Mode Ib failure 
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Further increase in load exhibit the transition from Mode I type failure to Mode II The 

lower bound of Mode II failure is manrfested in the plate as tearing along part of the 

boundary and is classified as Mode II' Further classification of the Mode II failure 

included the case of increasing mid-point deflection for increasing impulse Further 

increases in impulse resulted in reduced mid-point deflection similar to those for 

Mode III failure [4] 

Mode II· - Large inelastic de/ormati(/I! with partial fearing around part 0/ 

fhe houndary 

- -- -
Figure 2.45: Increasing mid-point deflection for increasing impulse with partial 

tearing along plate boundary [4] (repeated figure) 

ilfod~ 11(1 - Incr~(lsing mid-point d~fl~cljon wilh incf<'al'ing impulse with complete 

tMring at tl,e h()lInda~f' 

.'110(/,. Ilh - DeCf<'lJsing mid-poillt defleGtion with illcre(l,<illg implllw wilh complete 

I~aring ,,1 th~ houndar}· 

Increas .,g m.o-point deflect"" ",1" 
increasng Impulse (~lIa) 

• 
Decreasng mkl-pdnt deflectioo with 

~ ncrea;;in~ ImpU se (McxJe lib) 

- ~",~.....:-:...~ - , 
Figure 2.46: Changing mid-point deflection for increasing impulse (uniformly 

loaded square plates) [41 (repeated figure) 
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2.3.3 Localised blast loaded plates 

Experiments on circular clamped mild steet plates subjected to localised btast loads 

are reported by Nurick and Radford. [6[ The test methodotogy is the same as 

discussed in Section 2.3.1.2. The plate deformation is characterised by an inner 

dome superimposed on a larger global dome, as shown in Figure 2.47. This plate 

deformation shape was later observed by Chung Kim Yuen and Nurick for built-in 

circular plates, [7] and Jacob et at for quadrangutar plates subjected to tocalised 

loads. [8] 

loner dome 

Global dome-

Figure 2.47: Large inelastic deformation for localised blast loaded plate 

Modes of failure reported include large inelastic deformations, thinning at the central 

area and boundary of the plate Tearing at the central area of the plate occurs with 

further increase in impulse after the onset of thinning. The tearing observed is 

characterised by a cap shaped piece tearing away from the plate Tearing at the 

boundary is observed for larger load diameter - plate diameter ratiOS, 

It should be noted that the thinning mechanism at the central area and at the 

boundary are different In the case of thinning at the boundary, it is defined by the 

nature of the clamping frames, Sharp edge clamping frames result in plate thinning at 

the boundary similar to indentation as reported by Nurick et al [3]. 

2.3.3.1 Modes offailure for thin plates subjected to localised blast loads 

The range of plate failure modes observed for localised blast loading are large 

inelastic deformation (Mode I) to complete tearing at the boundary (Mode II), [6 - 8]. 

Complete shearing (Mode III) has not been observed, The modes of failure refined by 

Nurick and Radford [6] to suit plate response for localised blast load are given in 

Table 2.1 

Several ",ude, uf failurt' are ubviuu'(f' CumffWII 10 bUlk Ulliform "lid {ucali,'ed Ma,1 

I()ading. thc..-c arc highliglucd in Tllble 2.2 li..-ti"l: a .mmmal)-' of thc modc..- ojjiJilllre. 
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2_4.3 Relationship between stand-off distance on blast loading 

condition 

Marchand and Alfawakhiri [331 suggest a guide for assumption of uniform blast load 

over a structure. II the charge stand-off exceeds one-half of the structure's width or 

height (largest dimensIon) then loads can be reasonably averaged oyer the structure 

proyided the charge is centred on the structure 

In the case of circular disc shaped explosive charge placed at a certain stand-oF. 

dIstance, S :rorr. a circular metal plate of diameter D, The blast load is said to be 

applied uniformly oyer the entire plate area for stand-off greater than plate radius (S 

~ 012). Converse~, focusing o~ the b;ast load occurs at stand-off distance less than 

plate radius (S'; 012), Hence the plate IS subjected to loca.ised blast loads 

An illustration of the ranges of stand-oF. distance in relation to unilcxm and localised 

loading regimes is shown in Figure 2.5iJ 

.. -- -I , . 
Figure 2.50: Illustration of charge stand-off distance and loading condition 

, 
• , 
o • 
~ 
o 
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2.5 Theoretical predictions 

Theoretical predictions of plates subjected to impulsi~e loading ha~e be€n reported 

for many years. (Nurick and Martin 12]) 

2.5.1 Jones damage num ber for fully clamped rigid circular and 

Quadrangular plates 

2.5.1.1 Jones damage number for circular plates 

Jones. [34] proposed a damage number A to preoict large inelastiC deformation of 

fully clamped circular plates loaded impulsively by an uniformly distributed velocity 

V, as shown in Figure 25', 

Figure 2.51: Fully clamped circular plate with radius R subjected to a uniformly 
distributed impulsive velocity Vo. [34] 

The damage number A is a oimensionless initial kinetic energy term 

flV'R 
A. _ '" 

,H .H 
(eq.2.30) 

Where ~L - Mass per unit area ("H), M, - cr"H'/4, Va - Initial velocity, R - Plate radius, 

H - Plate thickness 

, 
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A relationship between the distance from plate centre to the nearest boundary and 

plate thickness was introduced (termed Aspect ratio, i,) 

For circular plate 

" R 
4 0 -

H 
(eq,2,46) 

For quadrangular plate 

b 
(eq.2,47) 

211 

A loading parameter in terms of loading area per total plate area was introduced for 

circular plates only, 

( R 
(=1+1n 

\, R" ) 

Where. R - Plate radius, Ro - radius of the loaded area 

(eq,2,4S) 

This implies that as Ro tends to R, C; tends to a value of one, Thus the plate IS 

uniformly loaded over the entire test area. A schematic illustration is shown in 

Figure 2.53 

-- Plate test area, A 

Figure 2.53: SchematiC of loading condition for circular plates 
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3 Experimental details 

This chapter describes the details of blast loading experiments on clamped circular 

plates manufactured from mild steel. 

3.1 Experimental procedure 

Disc shaped ptastic explosive of radius, R" and thickness, h, is used to impart a blast 

load onto the loaded side of circular test plates The impulse is measured using a 

ballistic pendulum This experimental method has been widely reported by Nurick et 

aL 16 - 81 and has proven to be reliable and reproducible, 

The experime:1ts described herein differ from previous experiments as mild steel 

tubes of different lengths are used to vary the stand off distance between the 

explosive load and test plate as shown in Figure 3,1. The aim of these experiments is 

to understand the influence of varying stand off distances on plate response, 

(") Cuo",n' •• po,;""' .... " "P 

Figure 3.1: Schematic diagram showing blast loading of circular mild steel 
plates (a) experimental setup used previously and (b) current setup 
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, , 

• • , , 
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Counter I 

Balancing 
Masses 
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Back Plate / 
and Spacer Tube 

Rods 

Steel 
Cables 

Test Plate 
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Clamping 
og 

figure 3_2: 3D rendered view of the ballistic pendulum 
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Test,.;; '. 

• 

Figure 3.3: Photograph of the test rig with different length tubes and ballistic 
pendulum 

Figure 3.4: Photograph of test rig attached to the ballistic pendulum 
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3.1.3 Test rig and specimen 

The test rig consists of two (244mm x 244mm) clamping frames made from 20mm 

thick mild steel. A tube of required length selected from the range shown in Figure 

3.5 is screwed onto one of the clamping plates and the other clamping plate has a 

hole machined to 106mm diameter. the same as the internal diameter of the tube as 

shown in Figure 3.6. The lest spedmen is sandwiched between the two clamping 

plates_ 

The test rig is attached to the ballistic pendulum using four connecting spacer rods_ 

The spacer rods allow the plate to deform without coming in conlact with the I-beam 

of the ballistic pendulum 

Tube specification. 

• Internal diameter - 106mm 

• Outer diameter - 150mm 

• Thickness - 22mm 

• Lengths - 25mm. 30mm, 40mm, 50mm, 75mm, 100mm. 150mm, 200mm, 

250mm and 300mm 

Figure 3.5: Photograph of mild steel tubes used in the experiments 
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Dia. 
106mm 

,' ''", ."" Clamp 

Nan·threaded 

Clamp 

Figure 3.6: Schematic of the experimental test rig 

,' e,,, Plate 

The test specimen is cut to the same outer dimensions as tre clamping plJtes 

(244mm x 244m) and with norrir.al plate thc~r.ess cf 1 9mm. Tre test specimens are 

laser cut "om three sreets c; r:1ild ste~ 
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Figure 3.7: Graph of Stress versus Strain for strain rate 8.33x10··s·' 
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Figure 3.9: Graph of Stress versus Strain for strain rate 2.08x10-'s-1 
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Figure 3.10: Graph of Stress versus Strain at different cross-head speeds for 
Sheet A 
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Figure 3.11: Graph of Stress versus Strain at different cross-head speeds for 
Sheet B 
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Figure 3.12: Graph of Stress versus Strain at different cross-head speeds for 
SheetC 
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19 PE41eader , 
4> 110mm 

• • 

¢> 34mm , 
• " 

PE4 

Polystyrene pad 

Figure 3.13: Photograph of disc shaped PE4 explosive of diameter 34mm 
attached to a circular polystyr~ne pad of diameter 110mm and thickness of 

13mm 

lo s~ Ih. Pt!'. 
uploslv. 

, 

Be 

Figure 3.14: Photograph of disc shaped PE4 explosive with 1 g leader attached 
:0 the detonator 
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3.3.1 Different blast loading conditions 

NUCIck and Martin [2] reporc or. various rraterials (for example sponge ruboer and 

neoprene) used to sepa:ate the exp~osive charge and the test plate to prevent 

spallatcr' .. They also reporc ar. experimental investigatior. cor.dueted oy Jones, Ursn 

and Tek:r. (1970) on fully clamped rectangular plates A sign:ficant result of this work 

was that the type of at~er,uator,l.e, foam or neoprene, did r,ot appear to ir.fluence the 

outcome of the tests, except 1hat the impuls;ve velocity varied accord:r.g to ~he 

attenua~or used i2J Langdon [39J suggests cesearchr.to the possible effects of usir:g 

po.ystyrene to separate the expklsive and plate on rreasured Irrpulse and pla~e 

deforrration. Her.ce differen~ loading conditior.s are used ir. this :nvestigatior. as 

shawn in Figure 3,15 ar,d classified as follows, 

• LO<lding r;ondi/ion 1 (LC-1) - The plastic explosive is attached to a 13rrrr 

~h:ck polystyrer.e pad using a strip of double sided tape ar.d the pad is pushed 

ir.to place on the end of a tube Star.d off distance is varied uSir,g different 

lengths of tuoe This arrangerrent is shown In Figure 3,15(a) 

• Loading condition 2 (LC-2) - Douole sided tape is used to secure ~he p!astic 

ex~osive at one end olthe ~uoe as shown in Figure 3.15(b) 

Note: No polystyrene is used 

• Loading r;ondition 3 (LC-3) - Double sided tape is used to secure the plastic 

explosive at one end of :he tube, A 13mm polystyrene pad is placed directly 

agains~ the test specimen as shown in Figure 3.15(c), 

• Loading condition 4 (LC-4) - this method has been widely used by Nurick et 

al [6 - 8] Ir. this case :he plastic explosive is moun~ed on ~he polystyrer.e pad 

using double Sided tape and placed directly against 1he test speclrrer. as 

shoWf'. in Figure 3.15(d) 
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Figure 3.15: Differentle»olng condi1ions used in ellperimenl$ 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Exper,mertal details 

3.4 Experimental measurements 

For the expeimerts the followirtg measuremerls are required ard measu~ed 

• The impl.>lse imparted on to each test specimer meaSLored from the pendl.>ll.>m 

displacement 

• Mid-poirl deflection of each test specimen is measured using a dgital height 

galoge as showr ir Figlore 3 16 

Figure 3.16: Photograph of height gauge used to measure the final mid·point 
deflection of a test specimen after a test 
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4 Experimental results 

This chapter describes the results and observations from blast tests on clamped 

circular plates at varying stand-off distances for loading conditions LC-1, LC-2, LC-3 

and LC-4 The measured test data is presented in Section 4.4. Chapter 5 discusses 

the results in more detail 

4.1 General plate deformation 

In most cases Mode I type failure on the plates (large inelastic deformation) was 

observed The plate profiles differ according to the distance between the plastic 

explosive and the test specimens_ In cases with stand-off distances ranging from 

100n1m to 300n1m, the plate profile resembled a uniform dome shape as shown in 

Figures 41 In cases of shorter stand-off distances ranging from 13mm to 40mm the 

plate profile resembled a smaller inner dome atop a larger global dome as shown in 

Figure 4.2. 

Figure 4.1: Photograph of plate profile showing 100rge global dome. Plate 
number NJ230405b, I "'12.03Ns, S = 150mm 
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Figure 4.2: Photograph of typical plate profile for smaller stand off distances 
(13mm to 40mm) Plate number NJ250405c, I =12.44Ns, S = 13mm 

The change in plate profile at different stand-off distances is shown in Figures 43 -

4.5 for charge masses 4g 7g and 9g respectively. The plate profiles change from 

dish shape (large global dome) at stand-off distances ranging from 300mm to 

100mm An inner dome atop a global dome is observed for stand-off distances 

ranging from 40mm to 13mm. The plate profile at stand-off distance 50mm and 

75mm exhibit an increase in deformation near the boundary, but the deformation 

does not show an inner dome near the centre of the plate. The meas~ed mid point 

deflections for stand off distances 75mm. 100mm, 150mm. 200mm, 250mm and 

300mm Show little variation. This is shown in Figures 4.3 - 4 5 by the closed packed 

nature of the bottom five plates 
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Figure 4.3: Photograph of sequer"ltiallayout oftest specimens for increasing 
stand-off distat1ce for cot1stant charge mass. 5g 

, 

(P I.te n um bees top to bottom _ NJ250405b. NJ 160405g . NJ 160405a. NJ 1 50405a. NJ090405a. 
NJ 020705b. NJ080405a. Nj230405c. Nj050405 • . NJ2903D51 • nd NJ 21 0405a) 

I '_ 00 "," , -F=:::;== 
,,, ""' "'"' 

" . ' 0-;; ", ", 
" ",e ,"", 

,.- , "-,,,...,, , , 

Figure 4.4: Sequential layout of test specimens for increasing stat1d-off 
distance for cot1stant charge mass, 7g 

(Pl a te num bers top to bottom _ NJ 1 6040511. NJ150405h, NJ 090405b. NJ020705c, NJ 080405b, 
NJ230405d, Nj050405b .n~ NJ21040 Sd) 

~
"" .. 
S '''' ",I" 
_H"'"," , 

-"""'''' , 
Figure 4.5: Sequer"ltiallayout of test specimens for increasing stand-off 

distance for constant charge mass, 9g 
(Pl.!. numherS top to bottom _ Nj160405<, NJ160405d. Nj15040Sc. NJO~0705a. NJ080~05c, 

NJ060405c. NJ050405c and NJ310305c) 
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4.2 Effect of different loading conditions 

Polystyrene has been used extensively in experiments reported by Nurick et al [2 - 8. 

25. 27 - 31]. It is used primarily as a stand-off buffer to prevent spalling Nurick and 

Martin [2] report an experimental investigation conducted by Jones et al (1970) on 

rectangular plates subjected to blast loading The results indicated that, the type of 

stand-off buffer used (for example, neoprene or foam) does not appear to influence 

the outcome of the tests. However. it was deemed necessary to ascertaill if 

polystyrene had any observable effect 01'\ plate deformatiol'\ al'\d impulse [391 using 

the different loading conditions outlined in Section 3,3,1. 

Figures 4.6, 4,7 and 4.8 show the loaded side of the plates for load conditions LC-1, 

LC-2 and LC-3 respectively, The reader is reminded of the differetlt loading 

conditiol'\s as shown il'\ Figure 3,15. The loaded side of a test plate subjected to load 

condition LC-1 Shows an even coating of black soot on the suliace of the plate as 

shown in Figure 4 6, The charge mass was kept constant and the polystyrene was 

replaced with double sided tape (LC-2), The loaded side had significantly less black 

soot as seen for the previous load condition (LC-!), The plate suliace was visible alld 

covered with a thill coatlllg of semi-transparent soot which cal'\ be easily wiped away 

as shoWl1 in Figure 4 7, Following the test pattern described previously, charge mass 

was malntailled alld a 13mm thick polystyrene pad was placed directly agall'\st the 

plate, Thus the explosive charge was separated from the polystyrel'\e by the distance 

of the tube (LC-3), After the test, residue of the polystyrene was visible on the loaded 

side of the test plate as shown in Figure 4,8 al'\d a dose up of the reSidue is shown in 

Figure 4.9 The cross-sectiOl'lal view of plates subjected to LC-1 LC-2 and LC-3 for 

charge mass of 5g and 7g are shown in Figures 4.10 alld 4.11 respectively 
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Figure 4.6: Photog'aph of black !loot observed for test plate subjected to load 
condition Le-l 

Test plate Number NJ210405a, S = 300mm, I = 13.32Ns and 
Mid-point deflection = 7.01mm 

Figure 4.7: P,otogr~ ph of translucent soot observed for test plate subjected to 
load condition LC-2 

Test plate Number NJ210405b, S=300mm, 1=13.20Ns and 
Mid-point deflection" 7.38mm 
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Figure 4.8: Photograph of polystyrene residue visible for test plate subjected to 
load condition LC-3 

Test plate Number NJ210405c, S = 300mm, I = 12.24Ns and 
Mid·point deflection" 7.87mm 

Figure 4.9: Photograph showing a close up view of the polystyrene residue 
visible for test plate (NJ210405c) subjected to load condition LC-3 
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Figure 4.1 0: Photograph of plate profile for test plate subjected to same charge 
mass (5g) but different load conditions (LC-1, LC-2 and LC-3) 

Test plate Numbers, NJ21040Sa, NJ21040Sb, NJ21040Sc 

Figure 4.11: Photograph of plate profile for test plate subjected to same charge 
mass (7g) but different load conditions (LC-l, LC-2 and LC-3) 

Test plate Numbers, NJ220405c, NJ220405e, NJ220405f 
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4.3 Burn diameter phenomenon 

A circular ring referred to as the 'burn diameter' is observed on the loaded side of the 

test specimens, This has been observed by Nurick et al [6 - 81 The burn diameter is 

observed for stand-off distances ranging from 13mm up to 75mm (Figure 412). In 

experiments with stand-off distances ranging from 1 OOmm to 300mm an even coati~ 

of soot is observed as shown in figure 4, 13, 

Burn diameter is visible after cleaning the soot from the test specimens with 

turpentine as shown in figure 4,14, In cases where a uniform coating of soot was 

observed no visible burn diameter was observed 

Figure . ~;~~~ro;",,~"'~~"Jl80405', 
S" 13mm, charge mass 5g.1 "10.99Ns. Load condition LC-1 
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Figure 4.13: Photograph of uniform coat of soot. no visible indicat>-)n of burn 
diameter for test specimen NJ220405a.S" 200mm. charge ma~s 5g, 

I" 11.91Ns, Load condition Le-l 

NJ1S040Sc 
Figure 4.14: Photograph of burn diameter for test speCimen NJ1 ;0405c. 

S" 40mm, charge mass 9g. I" 17.97Ns, Load condition Le-1 
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4.4 Thinning 

Thinning is obser\led in both the central area and at the boundary of the test 

specimens 

4.4.1 Thinning in the central region 

Thinning in the central area. as shoWn in Figure 4.15, is a function of the distance 

between the test specimen and the plastic explosive It is observed at higher 

impulses for stand-off distances ranging from 13mm to 40mm, An inner dome atop a 

larger global dome is observed within this range. Thinning coincides with the 

inflection diameter which demarcates the boundary between the larger global dome 

and the inner dome characterised by the sharp increase in gradient of the plate 

profile. This is similar to plate beha\liour obser\led in localised blast loading tests, 

Nurick et at [6 - 8] 

Thmn;nl/ 

Figure 4.15: Photograph of thinning at the central area of the plate for test 
specimen NJ250405c. charge mass 6g.I"12.44Ns. S '" 13mm 
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4.4.2 Thinning at the boundary 

Thinning at the boundary is Qbsel"\led at stand-off distal"lces ranging from 25mm to 

300mm using the tubes pro~ided the impulse was sufficiently high. Mode lb. (necking 

aroul"ld the el"ltire boundary of the plate) was most prevalent The thinning 

mechanism obsel"\led can be described as a sharp indentation due to the sharp edge 

of the damping plate with stretching and thil"lning occurril"lg thereafter [3] as shown in 

Figure 416 

Figure 4.16: Photograph of thinning at the boundary for test specimen 
NJ290305g, charge mass '= 15.5g, I '=33.47Ns, S '= 250mm 
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4.4.3 Tearing at the boundary 

The central deformation of the test specimen increases with increaSing impulse. 

Tearing occurs once a certain threshold impulse has been achieved However this 

impulse is dependent on plate thickness. Partial tearing (Mode II") along the 

boundary, as shown in Figure 4 17. was observed at stand off distances of 250mm 

and 150mm at impulse values of 32.1Ns and 32.44Ns respectively. However, at 

stand-off distance of 25mm the test plate exhibited partial tearing at the boundary 

and thinning in the central area of the plate at an impulse of 17.2Ns as shown in 

Figure 4.18. Complete tearing at the boundal)' was observed only in two cases at 

stand-off distances of 50mm and 250mm at impulses of 21 17Ns and 29.92Ns 

respectively, as shown in Figure 4.19. Thus, the results indicate that tearing occurs at 

lower impulses for smaller stand-off distances due to the severity of the blast load as 

the charge is moved doser to the plate. 

It should be noted that the purpose of this investigation is to establish the relationship 

between stand-off distance and large inelastic deformation (Mode I). However, partial 

tearing (Mode II') and complete tearing (Mode II) occurred during tests done to 

establish the limits of charge masses that could be used 

Figure 4.17: Photograph of partial tearing at the boundary of test specimen 
NJ060405f, charge mass 15g, I '" 32.44Ns, S " 150mm 
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Figure 4.18: Photograph of partli"'~;'::::::;::~~~'~t~;the boundary with thinning at the 
central area of the plate of I~ NJ16040Si. charge mass 9g, 

Figure 4.19: Photograph of complete tensile tearing atthe boundary of test 
specimen NJ090405d, charge mass 11g, I" 21.t7Ns, S" 50mm 
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Plate 
Bum 

Ma. 

Ratto 
It 1.1 13 6 34 2.76 10.11 22.21 11 •• 

1.' 13 4 34 2.07 1.&6 18.31 .... 46.81 
1.' 13 5 
1.' & 34 

1.' 25 4 34 
1.' 26 5 34 
1.1 26 7 34 4.13 
1.' 26 1 34 5.61 Mode 1r"+M0d8 Itc LC·1 
1.' 30 5 34 2.76 Model LC·1 
1.' 30 7 34 4.13 22.77 63.63 lIodelb LC·1 
1.1 30 8 34 4.82 16.90 24.23 62.41 Modelb LC-1 
1.' 30 I 34 6.51 17.16 23.10 lIodelb 
1.' 30 .. 34 2.07 I.'" 12.M Model LC-1 
1.1 ;10 6 34 2.76 11.40 12.34 Model 
1.1 ;10 7 3;1 ".13 1".37 Mode Ib LC·1 

;10 • 34 Ib 
1.1 ;10 8 34 ".82 11.21 Ib LC·1 
1.1 ;10 4 34 2.07 8.61 10.71 5.13 61.11 Model LC·1 
1.' 50 .. 34 2.07 1.11 8.31 4.41 62.7" Model 
1.' 50 6 3;1 2.76 10.51 1.84 Model LC·1 

60 7 3;1 4.13 14.11 6." 7".62 
1.' 60 I 34 11.12 1.641 77.31 

50 11 3;1 6.11 21.17 21.68 
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Plate deflection - Bum Test Number Thickness Plate Mode of Failure 
thickness 

Ratio 
NJ020705a 1.9 76 ... 34- 2.07 9.10 6.66 3.60 Model LC-1 
NJ020706b 1.9 76 6 34- 2.76 11.33 8.28 .... 36 Model LC-1 

1.9 76 7 34- .... 13 11.64 6.12 Model LC-1 
1.9 76 9 34- 6.61 Model LC-1 
1.9 76 11 34- 19.91 16.60 Mode Ib LC-1 
1.9 100 ... 34- 2.07 9.67 6.92 Model LC-1 
1.9 100 6 34- 2.76 10.79 8.06 .... 2 ... Model LC-1 
1.9 100 7 34- .... 13 11.66 6.13 I LC-1 
1.9 100 9 34- 6.61 17.97 1 ....... 8 7.62 Model LC-1 
1.9 100 11 34- 6.U 21.16 17.03 Model LC-1 
1.9 100 13 34- 8.26 19.79 10.42 Mode Ib LC-1 
1.9 110 6 34- 2.76 1 1.31 I 
1.9 160 7 34- .... 13 16.16 11.81 8.11 Model LC-1 
1.9 110 9 34- 6.61 19.00 14.37 Model LC-1 
1.9 160 11 34- 6.U 26.19 9.04 Model LC-1 
1.9 110 13 34- 20.06 10.66 Modelb LC-1 
1.9 160 16 34- 9 ..... Mode 11* LC-1 
1.9 160 6 34- 4.12 I LC-1 
1.9 160 6 34- 12.03 Model 
1.9 110 6 34- 2.76 10.66 7.17 4.1'" Model 
1.9 160 7 34- 4.13 Model LC-1 
1.9 150 7 34- .... 13 6.41 
1.9 150 7 34- .... 13 6.46 
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5.1. 

masses 

case 

curves 

4 13mm -300mm 9 1 21 
5 13mm- 21 10.99 14.95 27 
7 25mm- 18 14.02 16.74 16 
9 9 1 21.63 21 
11 50mm-300mm 7 ±1.59Ns 21.17 15 
13 100mm - 300mm 5 ±2.24Ns 25.36 16 
15 150mm - 300mm 4 ±1 32.44 33.03 2 
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4 43 
5 9.84 43 
7 13.26 8.41 39 
9 18.12 9.98 36 
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1 curve 
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masses 

t"nl:llrn", masses. 

4 4 75 - 300 5.66 
5 15 75 - 300 7.01 
7 14 ±0.31 12.28 10.27 2.01 

9 5 75 - ±0.56 
11 6 75 - ±0.75 
13 5 100 - 300 ±1.18 
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S=25mm .... 

S=30mm 

S=40mm 

S=50mm 

S=75mm 
S=100mm 
S=150mm 

S=200mm 
S=300mm 

Figure 5.13: Photograph of plate profiles at different stand-off distances for 
charge mass 9g 

The a:lOve mentioned otlserva;ions indica:e th<l: classification of localised and 

unifor~ loading conditiGns is a f,Jnction of stand-off distance and charge mass 

In oiler words, tne emergence of a "flatter" global dome i~ co~j,Jnctio~ with increased 

deformation closer to :he DO,Jndary as well as the appearance of the b,Jrn diame:er 

~ark :he t~ansit:on to Klca,ised loading as the charge is moved nearer:o the plate for 

a given ch<lrge mass 
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S=13mm 

S=25mm 

S=30mm 

S=40mm 

S=50mm 
S=75mm 

S=100mm 
S=150mm 
S=200mm 
S=250mm 
S=300mm 

115 

Figure 5.11: Photograph of plate profiles at different stand-off distances for 
charge mass 5g 

S=25mm 
S=30mm 

S=40mm 

S=50mm 
S=75mm ~ 

S=100mm 
S=150mm 
S=200mm 
S=300mm 

FigLJre 5.12: Photograph of plate profiles at different swnd·off distances for 
charge mass 7g 




