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Abstract

Zambia is one of at leasR3evelopingcountrieswith a combined population of 1.4 billion people

that are more than 2%dependent on hydropower for their grid electricity generation and winatie

experienced El Ro droughts El Nfio-induced droughts, projected to increase in frequency\asage

global temperatures risenark this reliance as climate vulnerability. Drougiht2015, 2016, and 2019

rendered low hydropower reservoir levels in Zambia, constraining electricity generation capacity and
resulting in unprecedented power outages. Notwittstiing these frailgs, the national power utility

ZESCas subordinated the need to achieve system sustainability diversify its energy supply

assets to the path dependent purssibf subsidising existing consumeend building more
hydropower generation asset§he path dependent approach was lockedoy earlier macrédevel

investment decisions, over which the World Bank had significant infludsilkce.17 other countries,
Zambiareceived World Bank investments faydropower in the 195080s to support mining or
industrialisation.Pt 4§ K RSLISYRSYy OS dzf GAYIGSf@& dzyRSNXYAYSR (K
FGOSYLIGa G2 SyKFyOS %I Yo bflpyiag coleftdd Hata\MBidresedcNE dz3 K
shows thatthe cg & SIj dzZSy O0Sa 2 F 19 { /which&esultdd in pows Sutd§ebRS y O S
KFR 'y FTROSNBS AYLI OG 2y (KS RN rgaSufektdify seétorY o A | Q&
The researchshows K I (i v: @i¢ast me@réé path going forward in terms obaseloadpower,
climateimpact human healthand financial lifecycleost involves charging cosecovery tariffs and

diversifying its portfolio of generation assefss global average temperatures and the frequencliglof

Niflo eventsare rising, these findings havamplications for the formulation of a low carbon energy
L2fAOCE F2NJ I FAFOGK 2F GKS g2NIRQa LRLMzZ FGAz2y )
increasing incidence of drought.

The political economy of the energy mix of hydropower dependent developing natarase study of Zambia 5



Impact statement

Having worked as an embedded externdillpded transactions advisor to an African government, |
became interested in the optimal resource allocation with regards to infrastructure. This PhD has
focused myattentions on these concerns in public and acadedigzourse with both direct findings

from my PhD and lessons applied to topics outside the scope of this particular rese&iare
presented my findings to the relevant actors identified in tthiesis ZESCO, the Government of
Zambia represented by thEnergy Regulation Board, Ministries of Energy, Finance, National and
Development Planning, donor agencies (including the World Bank covering southern Africa) as well as
to the public on prime time Zambian TV news.

Direct applications from this PD:

1. Signed book contract with Springer Nature/Palgrave Macmillan to publish this thesis with its title
as a monograph. Manuscript due 30 January,1202

2. Environmental Research Lettelsipact Factor &. dThe impact decadel®ng dependence on
hydropower in El Nio impactprone Zambia is having on carbon emissions through backup diesel
generatiorg, Vol 15(12), December 2020

3. Structural Review and Economic DynanktsevietScience Direcjournal with Impact Factor
2029 B LI FAYVAYI wél VRFEQE LINAZ2NRGAAI GA2Y 2F NHzNI f
through institutional path dependenéyVol 54, September 2020, pp1261

4. Internali A 2 Y I £ D NRlgciedsing te8ifjs loNilZent énother electricity crisi¥ | LINA f  H A M
blog

5. Oxford Policy Management Group, SpeakeBal SNH& | yR 902y 2YA OheDNR ¢ i K
02aiG 2F 132 ¢ SNJ 2ndeiifacBi®g firnisthd hbtiseYiadd & Q #01€, Accra

6. Internath 2y f DNR @gKK OGVUNBI d2 ¢ SNJ 2dzi | 3Sa¢ W2 %I Yo7
Sep 2019. Working Paper, with a separate Policy Brief

7. International NP 6 G K / SYiNBxZ YSey2:iS {LISF1SNE &b dzNIi dzNR y
{GNRY3 w22(a T24CHWL9yiaudakdy s NDINR gAVK EElF YOAL Qa YI Ay
ZNBC at prime time

8. Ministry of National Development Planning, Presenter to the Government of Zambia and
ZESCD G¢KS O2aid 2F LR oSN 2dzii| 3A8e A9, hbkakad A I Qa Y

9. EBRDSpeaker, Conf. on Infrastructure, Growth and Developm@&B8eptember 2018,0ndon

10.. I NI f SGG wmRowErind the FSNENWESFaEEd HaMpd . 221 YR 6SoaAa
commemorating 100 years of building a better future

11. UCL website, Intervieen my PhD and previous experient®Jan2019

Applications of the thinking for the PhD to other topics:

1. BBC Parliamenl6 Sep2019¢ speech on how OECD nations should subsidise developing
nations for preenvironment initiatives

2. Africa(Cambridge WiversityPressjournal with Impact Factor 1Review ofAg. Reform in
Rwanda: Authoritarianism, Markets and Zones of Governa88), pp8997, 2018

3. Dawnot F {1 A& 0 yQa y Sdadic bdSENAORt 7018y & € BeNdRt(analysis af
mega dam

4. Dawrt Cadurting Disastér B8Aug 201 a 2 f dziA2ya G2 t I 1AadlkyQa o1 GSN
5. Financial TimesyAfter off-grid electricity, what chance offrid waterg 31 Juk017
6. CAY Il y ORA lLdapfrooking$io Fhe liybt > H 2017 hoMdcating space for ofjrid

electrification
7. Financial TimesPPP success in Rwanda shows potential for greateredielficee Z Apr2015

The political economy of the energy mix of hydropower dependent developing natarase study of Zambia 6


https://www.sciencedirect.com/science/article/pii/S0954349X19301808
https://www.sciencedirect.com/science/article/pii/S0954349X19301808
https://www.theigc.org/blog/increasing-tariffs-to-prevent-another-electricity-crisis-in-zambia/
https://energyeconomicgrowth.org/sites/eeg.opml.co.uk/files/2020-02/Imad%20Ahmed_presentation.pdf
https://energyeconomicgrowth.org/sites/eeg.opml.co.uk/files/2020-02/Imad%20Ahmed_presentation.pdf
https://www.theigc.org/wp-content/uploads/2019/09/Ahmed-et-al-2019-final-paper-1.pdf
https://www.youtube.com/watch?v=4VTlhgi713w&t=5s
https://www.youtube.com/watch?v=4VTlhgi713w&t=5s
https://bartlett100.com/article/powering-the-zambian-economy
https://www.ucl.ac.uk/bartlett/construction/news/2019/jan/school-phd-student-imad-ahmed-leading-rwandan-negotiations-kigali-water-supply-project
https://www.youtube.com/watch?v=ywfVXKkY5rY
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/BCB43C9A125C5553E0F0ED218CA8799A/S0001972018000645a.pdf/chris_huggins_agricultural_reform_in_rwanda_authoritarianism_markets_and_zones_of_governance_london_zed_books_hb_65_978_1_78699_000_6_2017_214_pp.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/BCB43C9A125C5553E0F0ED218CA8799A/S0001972018000645a.pdf/chris_huggins_agricultural_reform_in_rwanda_authoritarianism_markets_and_zones_of_governance_london_zed_books_hb_65_978_1_78699_000_6_2017_214_pp.pdf
https://www.dawn.com/news/1437384
https://www.dawn.com/news/1352187/courting-disaster
https://www.ft.com/content/e2c9ef62-72b9-11e7-aca6-c6bd07df1a3c
https://www.ft.com/content/41524878-108f-11e7-b030-768954394623
http://blogs.ft.com/beyond-brics/2015/04/02/ppp-success-in-rwanda-shows-potential-for-greater-self-reliance/

Contents

D=0 [Tor= 1110 o FO PRSP PPPP TP 2
F N [0 11T/ [=To [0 T=T g T=T £ PP SUSSERSR 3
0111 =T PR PPPUPRRRPN 5
IMPACE STALEIMENL ...ttt e e e e e e e e e e n e n e nn e e e e e eeeeeeeees 6
INSHLULIONAI BEONYIMS. ...t e e e e s e e e e e e e e s e e e e e e s e b rneeeeeeaan 13
O [ 011 0T [0 Tox i o ] o P PO PPPR PR 14
2. Energy, industrialisation and economic growth...................oo oo 20
2.1 Mechanisms by which industrialisation drives economic growti..............ccccceeeeeiiinnee. 20
HOPH %I YOAlLY SYySNBHEQA..ARLAOLSY. . 2F. . . LINRJAAAZR
HPo ¢KS 22NIR . IFy1Qa &adzZlJLl2 NI F2NJ SY.SNBE25Ay @Saiy
2.3.1 The Tennessee Valley Authority template...........coevveeiiiiiiiiicee, 26
232TheBA]l Qa LIt AGAOl ... AYAa0NYZY.S.y.0.Lf.AALGARYY

HbPodo ¢KS . 1yl1Qa $02y2YA0 YR FAYLYOALSL NI GA2y
Hon ! ONRST KAAG2NE 2F %LY.GALQA.AY.RAZEGNBS A&l A

3. The Impact of power outages in the terature..........cccvvviiiiiiiiiiiiiiieeeeeeeeee e, a7
Macro vs micro analysis on the impact of power outages across SECIOrS........cccvvvvveeee.... a7
The impact of power outages on large manufacturing fifmS..........cccccvvviviiimieeieeeiienieeeeeeeen. 49

Reduced ProdUCTIVILY........c.uviiiieeeeiiiiiee et e e e e e s e snnnnreee e s nnnnnnee e A0
Subsector impact and multiplier €ffECES.........c.uviiii i 50
Peak versus offieak tariffS...........uuiiiiiiiiiiiiiei 53
(B = 11[0] o] U] r= Vo [P 53

Coping mechanisms used by manufacturing firms to mitigate against power outages...54
Use of backup generators to calculate observed floors for marginal costs of power out&ges

Predictors of possession Of gENEratOrS............ooviviiiiei i 55
Extent of use of backup geNEration...........cccccuuiiiiiiiiiiiiiiiieeeeeeee e 56
The impact of power adages in Zambia prior t0 2015..........uuvviiiiiiiieiiiiieeieieeeeeeeeeeee e, 57
The impact of the 2015 and 2016 power outages in Zambia............cccceevviiiiiiieeee s 59
The impact of power outages 0N the ClIMaLE...........oooiiiiiiiiie e 63
GaAPS INthE IIEEIAIUIE....eeeeieeeeeeeeee e e e e e e e e e e e e e e e e e e e 64
4. Primary data collection methodofly to address gaps in the literature............................... 67
Primary data collection objectives and theoretical approaches............cccoocvvvveeeeiiiiiiinennn. 67
RESEAICH TESIGIL.....eeiiiiiiiitie et e e e s e e e e e s e eeaeeas 69
Research design for the manufacturing SUINVEY.........c.eeiiiiiiiiiiiiiiiieeeeeee e 69
Sampling frame for the manufacturing SECHQr............oovviiiiiii e 69
Execution of the data COlECTIQN...........oooi i e e e e e e e e 70
Weaknessesf the manufaCturing SUIVEY .........couoiiiiiiiiiiee e 70

The political economy of the energy mix of hydropower dependent developing natarase study of Zambia 7



Triangulation and contextualisation: conversations with key informants.................ccccuee. 71

5. Results of the manufacturing surveys, interpretations and discussians............c.ccccceeeueee 73

5.1 General characteristics of the manufacturing sample.............cccovveeiiiiiii e 73
5.2 Ranking the damagesincBrR G2 € F NBS YI ydzFl OG dzNA.y.3...¥5 NI &

(B Yo U L1 o] o PP PRUP TP 76

5.3 Ranking the use of mitigation strategies used by large manufacturing firms................ 76

o U 1] T o PSSR 77

5.4 How the costs of power outages differ fims using differing coping strategies.............. 77

Discussion: efficacy of firm interventions in mitigating the costs of power outages......... 80

5.5 ldentifying firm characteristics that can be used to predict differing coping strategies.81

5.5.1 Predictors of whether firms keep more inventory as a coping strategy and reschedule

TN

AY TSN

LT 0 2= T 81
pdpdH t NBERAOG2NE 27 | -gedenfofand predittdrs®f egoig use/ @S & (1 Y &
Of DACKUD GENETALION. ... .. e e e 82
5.5.3 Discussion on the predictors of coping mechanisms...........cccccvvviemeeeeiieiieiiineeneenn. Q0
5.6 Costing th damages for fifMS..........uuuiiiiiiiiieee e 96
5.6.1 Marginal cost of outages for firms inferred from willingness to pay for more reliable
LT ] (o PP TRRPPPPTTPPTPI 97
pdcdu al NHAYIf 024G 2F 2dzil 3 SgenefadoNd.. . F.A.NB7A
T GG IS U0 0] 4T Y 75U 109
5.7 Special energy provision for impamt CientS...........ccccceiii 110
5.8 Willingness to sell energy back to the grid...........ccooiiiiieei e 110
[T U 1] o o SRR 110
6. 2 K& W%l YOoOAlI Qa aeéadisS Ynotpréevers tficSpoikRouthgbsi?018 andl 016R A R
112
6.1 Transmission and distribution losses and other inefficiencies............ccccccovevviieeennnnns 112
c ®H %I Y0 A | -@ectricyddantmib..... A.NJR ..o 114
6.3 Droughts in Zambiaforecasts, historical occurrences and competition for water......... 116
6.4 ARREINALIVE ENEIJY SOUICES .....ccuueiiiiiieeeeiittreee e e e e e sttt e e e e e e s e b b e e e e e e s st b e e e e e e s e annnreeeeeas 125
6.5 The historical institional path dependence framework...............ccccceiiiiiiiiieiicccccines 136
Cc dc 19 { /dég@&path BEPENTRNCE. ...........ecveeeeeeeeeeeeee e e ee e 138
ZESCO did not treat diversification from hydropower with urgency.............cccccoeeveunneee. 140
%9{/ hQ& GFINAFT &iNHzOGdz2NBE FL.ALSR..GL.2...L.0KA2S ¢
7. ReCOMMENAALIONS. ....cciiiiiiiiiiie e r e e e e e e e e e e aaaaaeaas 148
SUPPIYSIAE SOIULIONS. ...t e e e e e e e e eaeeeas 149
Solutions that can dampen demand for electricity or improve-sefficiency.......................... 150
S T @ o Tor 11153 o =PRSS 151
] (=T €= 07 PSSR 153

The political economy of the energy mix of hydropower dependent developing natiarese study of Zambia 8



Annex 1¢ Hydropower dependent countries that like Zambia experiengeNfo droughts......... 172

Annex 2g; Last iteation of manufacturing questionnaire used, July 2Q18.............cccccceeeeenne 179
Annex 2l Sampling frame for the manufacturing SECLOL............occvvviiiiiiiii e 184
Annex 2@ Execution of the data COIECHION...........oooiiviiiiiiie e 187
Building and incentivising a field team for the manufacturing survey..........ccccccceeeeee.... 187
Iterations of questions for the manufturing survey asked, and the learning process of asking
the MIGNT QUESTIONS ... e 188
Challenges faced in interviewing manufacturing fitms............ccccooviiiiiee e 188
Annex 2d; Emails to enumerators explaining bonus structures to incentivise a higher rate of uploads
.............................................................................................................................................. 190
Annex 2e; Key informants with whom interviews were secuted..........cccvvvveveeeveeeieeiiieeeeeenn.. 192
Annex X Collected interviews with key informants............ccccvvveeeeiiieeiiiiiieiieieeeeeeeeeeeeeeeee,s 194
A3.1 Government stakeholder INtEIVIEWS...........euviviiiiiiiiiieeeeeeeeeeee e 194
A3.1.1x First interview with ZESCO economists, 10 November 2017...............coeeeeees 194
A3.1.1bg Second interview with a ZESCO economist, 6 June,2018..............ccceeeeeeenen. 195
A3.1.2¢ Interview with Department of Energy officers on 6 June, 2018...............cccevveeee 195

A3.1.3¢ Interview with Alfred Mwila, Director of Ecomic Regulation at the Energy Regulation
BOArd, 6 JUNE, 20L8.....ccuuiiiiiiiiiieiitei et e ettt e e e e et r e et s s et s e st e e et e e rabr e e e e e e raaas 198

A3.1.4¢ Notes from a Government of Zambia (Ministry of Nationalddegyment Planning,
Energy Regulation Board, Ministry of Finance, Ministry of Energy and Central Statistical Office)
and ZESCO stakeholder engagement presentation at the Ministry of National Development

Planning on 4 September, 2019 .. ... 200
A3.2 Private energy developer iINtEIVIEWS. .........vevieiiiiiiiiieeeeeeeeeeeeeee e 201
A3.2.1 Interview with the CEO of a developer of an independent coal power plant on 4 June,
120 SRR 201
A3.2.2& Interview with Cathy Oxby, Chief Commercial Officer of Africa GreenCo prospective
alternative creditworthy off-taker to ZESCO, on 23 April, 2019........cccvveiieiiiiiiiiiieeeees 203

A3.2.2hc Interview with Ana Hajduka, Chief Executive Officer and Lovemore Chilimanzi,
Technical Director at Africa GreenCo, a prospective alternative exedihy off-taker to
ZESCO, 0N 1 GUWBE, 2009......cciieiiiieeeiiiiee e ciiee e e eee e e s ttee e e et e e e asteeeeaneee e e snaee e e nraeee e e 204

A3.2.3¢ Interview with the CEO of an energy developer, on 3 September,.2019.......... 204

A3.2.4¢ Mikko Marttala, CFO at KPA Unicon, a developer and engineering, procurement,
construction contractor of energy solutions using industrial wast@ dlovember, 2018....205

A3.3 Public and private advocates for the manufacturing and private sectar................... 213
A3.3.1 Interview with Chipego Zulu, CEO of Zambia Association of Manufacturers on 28 May,
12 0 T TSP POPPP PP 213
A3.3.2 Interview with Wamulume Kalabo, Chairman of Zambia Chamber of Commerce and
Industry (ZACCI), 20@F 0N 4 JuNE, 2018......ccoiiiiiiiiiiiee e 214
A3.3.3 Interview with Sampa Chilanga, Monitoring and Evaluation Officer at Zambia
Development Agency 0n 30 May, 2018.........cccuuiiiiiieiiiiiiiiie e 216

N B B o ] [0 £ TP RRRRPPPPP 216

The political economy of the energy mix of hydropower dependent developing natiarese study of Zambia 9



A.3.4.1 Phone interview with an energy expwithin a donor agency on 27 Feb, 2019....216
A3.5 Colleague resSearCNer INTEIVIEMNS .......couiiiiiriiiie e 218

A.3.5.1 Interview with Yimbilanji Sichone, Principal Author of Electricity load shedding: An
econometric analysis of the productivity of firms in the manufacturing sector in Lusaka on 26

Y= 22 1 SRRSO 218
A3.5.2 Meeting with Miljan Sladoje, IGC Zambia Country Economist on 28 May,.201819
A3.6 Other useful unstructured CONVErsatiQNS..............oooveeieiiicciie e 220

A3.6.1 Interview with Chibelushi Maxwell Musongole, Lecturdire® Assistant Director at the
Central Bank of Zambia and retired Director General at the Zambia Public Procurement

AUthOrity 0N 28 MaAY, 2018.......ceii it 220
A3.6.2 Meeting with Natty Chilundiki, Research Coordinator, on 29 May,.2Q18........... 220
A3.6.3 Interview with Jim Friedlander, Partner KIAP Law Firm on 3 May,.2018........... 221
A3.6.4 Email from Michael Mainelli, Consulting ParateBDO Binder Hamlyn on the

privatisation of Zambia Consolidated Copper Mines, IBO23.........cccccccvvviiviieeeeeeeeeeeee, 221

¢tofS MY al ydzF I O icityNdngaEpiicn drépdd Mdsn 2@15 to 200 7Sn7arhkls
Table 252 Yo Al Q& FTANRG wminanSed Bftaskzicfiie prajerthlI. R........ L.y..1.25
¢FrofS o ¢KS ¢SyySaasSsS +IftSe ! dzi K2NR.G.2.Q&.260 NA T ¥ 3

Table 4 The IBRD's historic credit rating..............cooooiiiiiiiii e 34

Table 5 Regressing the log of manufacturing valdeed on thedg of totalelectricity consumption

11 g =R =ToT0] oTo] 1)V 36

¢FofS ¢ / KSy FyR xSttt Qa (FoftS otmaptheréstothie ¢ A gl y €
€Cconomy USiNg HPUL-OULPUL @NAIYSIS......ccccciiiiiiiiiiiiiiiieiireiee e e e e e e e e e e e ae e e e e e e e e e e e s e e e s eaeaenanns 52

Table 7 Zambian copper mining production 2@DA.8€............ccceeveeeeeiiiiii e, 58

Table 8 Annual reports of listed Zambian manufacturers mentioning the power outages......59

Table 9 ZESCO revised its tariffs twice upwards in.2017...........ccccvvvmiiemiiieiieeiieeeeeeeeee e, 63

Table 10 Sampling achieved by subsector vs national population of large manufacturing firms by

£ |01 T =T o] (o ) P 70

Table 11Clue 1: Enumerator A was a statistically significant predictor of whether firms would report

that they would De WilliNg 1O PAY........uuriiiieeiiitiie e e e 71

ToftS mu [/ fdzS HY 9ydzYSNIG2N) ! Qa NBaALRYRSydaQ SYI A
O2 € € Sh.3dz58.Q it T

Table 13 Years of manufacing experience in the sample of manufacturing firms................... 74

Table 14 Tobit regressions for costs of power outages against mitigatgges....................... 78

Table 15 Variables associated with firms keeping larger inventories and rescheduling work8es
Table 16 2016 saw even worse production losses than 2015, with surviving firms reporting losses on
the higher speacum of 1630%. Even in 2018, firms were on average reporting production losses of

N R O OO PPPTPPPTRPUPRPPPI 82
Table 17 Comparison of ownership of backepmeration capacity versus extent to which self

(o cTT=T = 1o o I LS U= o PSS 38
Table 18 Tobit regressions of various dependent variablesmuihe basic metals and wood
subsectors and on seffeneration use and rescheduling workers...............ooooiiiiiiiiiiiiiiinnnee. 90
Table 19 How differently firms use gkneration by subsector.............ccccooiiiiiiiiiii, 93
Table 20To a major extent or all the time and whether they use capacitors, voltage regulators
and/or surge protectors all of the time..........ooo e 95
Table 21 Variables tested for their statistically significant impact on willingness to pay for more
reliable grid EIECIIICITY. ... ...oi it e e as Q9

The political economy of the energy mix of hydropower dependent developing natiarese study of Zambia 10



Tabk 22 The noreffect of tariff hikes on 8 MD1 firms, 4 MD2 firms and 1 MD3 firm............. 101
Table 23 Lowest marginal costs for firms of vagymaximum demand capacity to sginerate in

Table 24 Hypothetical scenario in which a large manufacturing firm pays oroeadrgy because it
is not paying a cogecovery tariff that would pay for new installed dependable power suppl$08
Table 25=nergy lost in transmission and distribution compared with the energy deficit in 2015 and

P20 X TSP P TSP PPPPP 113

Table 26 Lodpg regression of theelationship between energy consumption, GDP and population

oNn Zambia's €Nergy CONSUMIPLION. .......uiiiiiiiiiiiiteieee sttt e e e e s st e e e e e s s r e e e e s s annrrreeeeeeeaan 114

¢FrofS HT LY Hnawmcld2 ¢8 NIORHYRQ I NEN K RONRLI.DARA G &  dzi A
Table 28 Zesco's power generation expansion plan as of.2017............cccovveeeeiiiiiiiiieeeenene 118

Table 29 Highly correlated rainfall across sites in Zambia. Correlations of more than 80% highlighted

in pink; of 7079% highlighted iN YEHOW..........coooviiii e 121

¢F-oftS on ! t£Srad NBINBG FNIYSe2N)] ..F2N.L.JaSaaAiy3
Table 31 Average capacity utilisation over 2016 of Zambia's largest hydropower.dams......132
Table 32 Eightfour percent (84%) of large manufacturing firms are located in Lusaka Province and

(070 o] o1=T¢ 01T 1A= LT o] o TR 184
Table 33 Breakdown of the Copperbelt's manufacturing sector into the Ministry of Commerce's
(orz LT o [0 g IT= Vi o) g TS0 U] 01T o o] = U 185
Table 34 Breakdown of Lusaka Province's manufacturing sector into the Ministry of Commerce's
CategoriSatioNS Of SUDSECIOLS........uiiiiiiiiiiii ettt e e e e e e e e e annreees 186
Table 35 Table of hired enumerators' qualifications and OULPUL..............ccccoevviiiieeeeeeriiiiene. 187

CAIdzNE ™M %I YOAl Q& -adiiet growdh befluek foldwinghde gyoder dutageszs

P20 RS- oo 2 0 PP UUPPPPRPPR 16
Figure 2 Relanship between electricity consumption and GDP, 2011...........cccccvveeevviinnnnnn. 21
Figure 3 Agents in the system of provision for electricity or electricity substitutes in Zamhbia 23
Figure 4 Zambia's historic reliance on NYAroOPOWET.........covvviiiiiiiiiieee e, 24

CAIdzNBE p %I YOAl Q& haygiretally begr\glowidy...Al..f..dzS....L..R&S
CAIdzNB ¢ | A&02NAO O2LIISNI LINA OSasx D5t |yR SELRNI
overall export and GDP growth, in spite of the percentage of-miming companies that export

(o [CTod (= T= =T o WSS 39

Figure 7Transparency International Corruption Perceptions Index score out of 100 for perceived
O2NNHzZLIWGA2Y G6AGKAY %I YOAl Qa Llz.f.A.0..4a800.2N#20mnn T

CAIdz2NE y ¢KSNB Aa I ¢pm: O2NNBtFdA2y 0SG6SSy kY
value added; net inflows of foreign direct investment fell after the power outages of 2015....42
Figure 9 Histogram and averages of production hours of the samaple..............cccccccvrrrrnnnnnnee. 74
Figure 10 Most common & severe costs of power outages for manufacturing firmspAguist 2018
................................................................................................................................................ 76
Figure 11Popularity of mitigation interventions for manufacturing firms Agvlgust 2018..........77
Figure 12 Year in which first generator in USESVRUIChased.............oevveeiiiiiiiiieiee e 83
Figure 13 Number of first generators bought by year; average score for losses by year (x10 from
LI 0 (=300 ) DT PO PPPPPR PP 84
Figure 14 Months rated as the worst for POWEr OUIAGES. .........cooviuiiiiiieeiiiiiiiee e 84
Figure 15 October follows months of no rainfall is the worst month for power outages......... 85
Figure 16 The setfeneration hours/month profiles of 6 large manufacturing firms, Dec 2y
2018. Note: empty bars do not necessarily mean no generation hours that month................ 86

Figure 17 Selfjeneration hours/month profiles of one large manufacturing firm in Kitwe and one
large manufacturing firm in Lusaka, Dec 201y 2018. Note: empty bars do not necessarily mean
No generation hots that MONtN...............ii e 86

The political economy of the energy mix of hydropower dependent developing natiarese study of Zambia 11



Figure 18 Diesel use by a large beverages company in Lusaka, Jani2@088........................ 87
Figure 19 How generation use differs between SUDSECIOLS.............covieiiiiiiiiiieeiieeeee e 92
Figure 20 Percentage of respondents willing to pay a higher tariff by manufacturing subsec8g®
Figure 21 Standard energy consumption for by 34 MD1, MD2 & M3 firms before & after the tariff

hikes of 15 May 2017 & 1 September 20L7..........oeviiiiiiieeieeee e 102
Figure 22 Ofpeak energy consumption for by 34 MD1, MD2 & M3 firms before & after the tariff
hikes of 15 May 2017 & 1 September 2017 ..........ovviiiiiiiieeiee e 102
Figure 23 Peak energy consumption for by 34 MD1, MD2 & M3 firms before & after the tariff hikes
of 15 May 2017 & 1 SePtemMBEr 20L7......cuuiiiiiiiiieee et 103
Figure 24 Total energy consumption for by 34 MD1, MD2 & M3 firms before & after the tariff hikes
of 15 May 2017 & 1 SePtemMBEr 20L7......cuuiiiiiiiiieee et 103

Figure 25 The ZES@f electricity consumption patterns of 22 Zambian manufacturing firmi96
Figure 26 Zambia's precipitation levels for an unspecified location. Almost a quarter of the 25 years

19912015 saw rainfall equal to or less than in 2Q18..........ccccvvviiiiiiiiiieieeeeee e, 120
Figure 27 The Zambezi River Basin covers most of Zambia.............ccccccciiiiiiiiiiiieiieeeeeneeen, 122
Figure 28 Location of the drainage basin feeding Lake Mweru, Zambia.............................. 123
Figure 2%verage solar irradiation for a minute every hour of four days each four months apart at
[0 L= 1 WO PRPSPPPPPRRP 134
Figure 30 Path dependence illLBRIE. ... e e e e e 136
Figure 31 Domestic energy consumption in Zambia vs percentage of energy imported into Zambia,
S 0 0 PO PRRRR 139
Figure 32 Evolution of ZESCO tariffs, ZBAPD0.............uuurremiimiiiiiiiririeeieeieeeaeeeeeaeesseesseasssananannes 146

The political economy of the energy mix of hydropower dependent developing natiarese study of Zambia 12



Institutional acronyms

CEC Copperbelt Energy Corporation

CSO Central Statistics Office

DfID UK Department for International Development

ERB EnergyRegulation Board

IBRD International Bank for Reconstruction and Development

IDA International Development Association

IGC International Growth Centre

IMF International Monetary Fund

IPCC Intergovernmental Panel on Climate Change

MDNP Ministry of National Development Planning

MFEZ Multi-facility economic zone

OECD Organisation for Economic Qperation

UCL University College London

ZACCI Zambia Chamber of Commerce and Industry

ZAM Zambia Association of Manufacturers

ZCCM Zambia Consolidated Copper Mines

ZDA Zambia Development Agency

ZESCO Stateowned power utility, formerly known as Zambia Electricity Supply Corporation
ZICTA Zambia Information and Communications Technology Authority

The political economy of the energy mix of hydropower dependent developing natarase study of Zambia 13



1. Introduction

Global warming is increasing the incidence of droughts warelimpacting the @ergy security

of hydropower dependent countries. Many of these are developing countries whose first World
Bank investments were in hydropower, predicated on serving mineral extraction and supporting
industrialisation Zambia is ne such country and is a useful case study for the lessons that its
dependence on hydropower serves.

This researctaims to inform better energy policy in hydropower dependent countries which are
vulnerable toclimate shocksAs global average temperatures rise, so too do the frequency and
intensity ofEl NificSouthern Oscillatioinduced droughtgWanget al., 2017) which in turn threaten

the reliability of hydropowerThis research thereforéocuses on the impact of energy insecurity
arising fromclimate- induced drought, which according to climate modelling, would also result in
reduced water availability and crop yielflSonwayet al., 2015)

Box1 The exposure of developing countries to hydropower for their grid electricity

Asof 2015(World Bank, 2020a)
- >58 countries >25% reliance on hydropovior domestic electricity production
0 78% were not higlincome
o >35 countries, 74% of which were not higltome >50% reliant on hydropower
A > 32 countries not higincome countries >25% hydropower reliant
experiencedcEl Nio droughts(Annex )
1 18 of thesecountries received early World Bank investments f(
hydropower(Annex )
A >12 countries, 11 of which were not higicome >80% reliant on
hydropower

Genre of countries:
- Heavily Indebted Poor Countries: 46% reliant on hydropower for electricity productid
(World Bank, 2020a)
- Least Developed Countries: 37% reliant on hpdmer (World Bank, 2020a)
- Latin America and Caribbean: 45% grictleity from hydropower(World Bank, 2020a)
- SubSaharan Africa: I8 gridconnected electricity consumers live in countries >50%
reliant on hydropowe(Falchettaet al., 2019)
o0 Almost entirely dependent on hydropower: DRC, Lesotho, Malawi and Zamb
(Conwayet al., 2015)

As aboveillustrates, the exposure of developing countries to hydropower is matekialex1

further illustrates thatat least32 countries that were not highncome with a combined populatioof

1.4 billion people were more than 25% dependent on hydropower and had experiencedcEl Ni
droughts? Eighteenof thesereceivedearly World Bank investments for hydropower predominantly

to support industrialisation or miningAnnex1). In Sub Saharan Africa, 160 million gra@hnected
electricity consumers lived in countries where hydropower accounted for more than half of total
power supply(Falchettaet al., 2019) In 2015 and 2016, Elfiidi droughts, caused by warming of the

Pacific Ocean, resulted in severe power crises in Kenya, Tanzania, Ghana, Zimbabwe and Zambia, with
power outages, power rationing and switching to costlier backup diesel genef&alchettaet al.,,

2019) Droughts also increased competitifor water usebetweenpower generation, irrigation and

1 TheWorld Bank data did not give informatidor all countries such as Uganda and the Southern African Power Pool
countries Lesotho and Swaziland.
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municipal water supplyFalchettaet al., 2019) Hydrologicalcrop and recursive dynamic cqutable
general equilibrium analysis suggested thiae climate variable could pull 2% of the Zambian
population below the poverty lin€Thurlow, Zhu and Diao, 2012)

This research takes Zamp#alandlocked southern Africanation of 17.3 million peoplé@/Norld Bak,
2019a) as its case studyt is one of the at least 32 countries that was not higbome and was more
than 25% reliant on hydropower, and one of the at least 18 of these countries that recavigd e
World Bank investments for hydropower predominly to support industrialisation or mininét the
beginning of 2015, Zambiaas almost entirely dependent on hydropowand it was classed as
lower middleincome country(World Bank, 2019a)ith 33% grid electricity connectiofZICTA and
CSO, 2018pre-independence energy investment was driven by colonial extraction of cqpagtiss
and Pollen, 2019, p. Most-independence rergy investmentuntil 2015had been dominated by the
World Bank which wasguided by unbalanced growth theory that perpetuated the generation of
energy for the purpose of coppeextraction? ¢ KSYSa NBftFGAy3d G2 %l YOoAIQ
investment as welas the climate resilience of its energy infrastructure are therefore applicatde
number of other hydropower dependent developing countries

The research was borne of a commissionh®y lnternational Growth Centrimm October 2016largely

fundedbyi KS | YQa 5SLI NIYSyd 7T 2(NkrhagotabSOidith Cdniey2018) 5 S O3S f
G2 FraasSaa GKS AYLI OO 27F LI g SN Aukzinteddiénal rgwthial YO A |
Centre aims to promote sustainable growth in developing countries.ofigénal focus was orthe

impact of poweroutageson the manufacturing sector given the established associatlmgtween

infrastructure on the growth of manufacturing and the growth of manufacturing on economic
development.Africa in generahasexperienceda peiod of deindustrialisationasa result of poor

policy (the pursuit ofstructural adjustments at the behest of the IMF and World Baai)er than

natural economic evolutio(Stiglitz, 2017D A @Sy andf@ctukingeésurgencesince the 2000s

undersupply of energglue to climatevulnerable power generatiomfrastructureposes a nevihreat

G2 %I YOAIl Qa AYyRdzaGNXIGRS | GReBgltondf RanofdcN@ elapBeyitS NI £ £ &
and diversification away from coppemining, whoseSELI22 NI & F NI ¢ YI GSNAL €
exports (World Bank, 2020u)¢ KS Y A y A y @ofitsi &eldrgeNExpatriated to foreign
multinationak®. @ O2Yy GNJ} 4G GKAA NBaSINOKQa adz2NwsSe 27F f
respondents said that their company owners were Zambian.

Alongside other factors, ecent EINifio droughts resulted in reduced power supply to the
manufacturing sector athconsequentlyreduced growth. De to almost complete dependence on
hydropower and low rainfalh 2015 and 26 resulting in low reservoir leve(®iwila et al,, 2017, p.

V) Y% YO A QAaZEBROwWaNfbradliehaict Aatiohwideload sheddindastingupwards of8
hours per day(Energy Regulation Board, 2017, pIH)e power deficit reached 1,000MW 2015
(41% of national installed capacit@gnd reduced to 526 MW in 2016 (Energy Regulation Board, 2017,
pl5).Had ZESCO not mitigated its generation shortfall with the impat86f2 GWh in 2015 (up from
just 12.8 GWhni 2014) and 2,184.9 GWh in 20{Bnergy Regulation Board, 2013), theload
sheddingwould have been eveworse Table 1Ibelowis a compilation ofjrid electricity consumption

by sector collected from Energy Regulation Board reportshtdws that from 2015 to 2017

2 Independence was achieved on'2@ctober 1964.

8 Metal and ores have accounted for betweeny0x: 2 F (G KS 02 dzy (i Ngvarkl Béhls R02QWECE o A y OS  w
Zambia's copper comes from four mines. Barrick Gold, a Canadian corporation, owns Lumwana mine. First Quantam
Minerals, a Canadian corporation, runs Kansanshi mine. Glencore International, a British corporation heaeldjuart

Switzerland, and First Quantam Minerals own Mopani Copper Mines. Vedanta, an Indian corporation, majority owns Konkola

Copper Mines, while the remaining fifth is owned by ZCCM, majority owned by the Zambian government and listed in Lusaka

and on Etonext.

4 National installed capacity was 2,411MW in 2QE&ergy Regulation Board of Zambia, 2016a)
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YIydzFl OGdzNAyYy3IQa aKINB 2F % YoAlFIQa St SOGNROAGeE O

consumption fell from 2015 to 2016, and had not recovered to its 2015 level by R@Lirel below

OKI Nlia GKS 3INRBgGK NI GS -addedivkeoNstant loc@lZurr@hcyfigizies fiom dzNA y 3

GKS 22NIR .Fyl1Qa AYRAOIFIUG2NED 6.8%NREK2E© A9%IK201B. IANR ¢ i
TablelY al ydzFlF OGdzNAYy3IQa &KINB 2F St SOGNAROAGE O2yadzYLIiAzy

National electricity consumption by economic sector, 2014-2018
2014 2015 2016 2017 2018

GWh % share GWh % share GWh % share GWh % share GWh % share
Mining 5,871 47.39 6,246 54.59 5,918 54.59 6,202 50.99 6,682 54.89
Domestic 3,251  26.29 3,482 30.49 3,383 31.29 4,147 34.09 4,337 35.69
Finance & property 487 3.9% 517 4.5% 499 4.6% 640 5.2% 714 5.9%
Manufacturing 479 3.9% 531  46% 470  43% 503  41% 593  4.9%
Agriculture 241 1.9% 260 2.3% 228 2.1% 262 2.1% 297 2.4%
Others 99 0.8% 99 0.9% 80 0.7% 87 0.7% 84 0.7%
Trade 107 0.9% 110 1.0% 97 0.9% 110 0.9% 114 0.9%
Energy & water 73 0.6% 89 0.8% 88 0.8% 81 0.7% 69 0.6%
Quarries 62 0.5% 68 0.6% 60 0.5% 118 1.09% 148 1.2%
Transport 31 0.3% 33 0.3% 28 0.3% 32 0.3% 33 0.3%
Construction 1,702 13.79 15 0.1% 7 0.1% 10 0.1% 11 0.1%
Total 12,405 1009 11,450 100% 10,857 100% 12,192 100% 13,080 1079

SourcesEnergy Regulation Board of Zambia, 2016, p. 0, 2017a, p. 9, 2018, p. 36, 2019, p. 39

Figurelsl YO Al Q& NBI f Yatdgdigfowtddedined f@llawing thé pdwéer outages of 2015 and 2016
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Data sourceWorld Bank, 2020dgraph: own

Why should we focus on manufacturing, other than for the fact that this research was funded to focus

2y AlGX 6KSYy AGAa SYySNHE adzl)Xe Aa | GSyYyaGK 2F YAy
but retail and constructionfCSO, 2018) First, manufacturing provides better valie terms of

contribution to GDRnd employment per kWh of energy than does miningh@lgh it consumes less

than a tenth of energy that minindoes, it contributes threeuarters of what mining does to GDP,

and employs almost three times the workfore&econd, focusing on manufacturiagjows us to

SaAyAy3ds gKAOK O2yadzyYSR Y2NB (KIy KIFEF 2F %l YoAlQa St SOGNRC
with manufacturing which consumed 4.3% of electricity but contributed to 8.5% of GDP less ndt18£e2018)

Manufacturing employs 8.1% of employed people while mining employs %% and Ministry for Labour and Social

Secury, 2019)¢ KS / {h adGlFrGAaGA0&a FT2NJ YIydzZFlI OGdz2NRAy3 AyOf dzZRS F22RI 0
definition excludgCSO, 2018; World Bank, 2020c)
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interrogate the political economy of funding fenergy aswella%| Yo A Qa aeéadsSy 27F LN
dependence andnderlying economic assumption aifocative efficiencyn charging subsidised tariffs

that together resulted in, by 2015, underinvestment in diversified power generatibe investment

rationale of supplying power for mineral extraction, beneficiation and industrialisation that holds for
Zambia visrvisthe2 2 NI R . I y1 Qa4 KA&AUG2NE 2F LINA2NARGAALFGA2Y
apply to Brazil, Colombia, Ethiopia, Ghana, Kenya and Tkekier,becauseéhe2 2 NI R . | Y1 Q&
FLILINF Aalfa 2F KERNRBLERZGSNI WNI BBIME @ & y(MBaiandd A DS R
Asher, 1973, p. 237%ourtries receiving hydropower investment were set on a trajectorpwfding

power generationinfrastructure that wouldater provenot to be climate resilient.

S|

Thisthesiso dzA f Ra dzLl2 y (1 KS Qesasyes thedpaliteg! €canomyipfdaieigZamiyaR

which likel7 other hydropower dependent countrieis now prone toEl Nfio-induced droughtsaind

also received early World Bank investments for hydropower predominantly to support
industrialisation or miningseeAnnex1). In Africa over the paghree decades, only some countries

have diversified from hydropower: Tanzania, where hydropdwar O2 Yy i NA o dzi A2y (2 Sy
fell from 95% in 2000 to a low of 37% thanks to the installation of a 700M¥irgdspower plant in

the past decade; the Rablic of Congo, where a 300MW ¢fired power plant led to diversification;

YR DKFEYlFYX gKSNB KeRNRLRGSNNA & Krakddttast 8,12019)F NB Y vy
Besides Zambia, the regions of Affidaich face the likeliest threat of low hydropower capacity factors

due to an increasing frequency and intensityEdfNfio droughts Hydropower accounted for more

than 50% of installed power capacity in Mozambique, Namibia, Angola, Ghana, Sierra Leon#& and

recently CamerooifFalchettaet al,, 2019)

This thesislays out the historicalpolitical and economic forces that saw the propagation of
hydropower across the developing world; assesses why Zambia hadiveosity in its energy

production portfolio prior to 2015investigates andassesses th@émplications of an undiversified

energy mix to microeconomic subgroup2 ¥ g KA OK GKS 02ali G2 YI ydzFl O dz
outages is a major component, agll as a newhousehold survey to assess the effects on individuals),

as well as to the environmenNB @A Sga 2LIiA2ya T2 NJ°hnd drcl8deswith NS 3 NB (
recommendationsln so doing, iattempts to answer the following research questions:

1. How did Zambia come to be so reliant loydropowefr?

2.2KIG FNB GKS AYLIOOGa 2F GKAA NBmanufscddrs 2y %I Y
respond; and how effectivare theirresporses

3. How does Zambia avoid power outages and its associated calsesfirture in a coseffective
and minimally destructive manner with respect to the climate crisis?

The originality and contribution to knowledge of tiliesisstands on
- an incrementalexpansion of the historical institutionglath dependency model, fusing
together the way in which Mahoney, Pierson and Skocpol, and Stinchc¢8trehcombe,
1968; Mahoney, 2000; Pierson and Skocpol, 26@ijel itand building upon their combined
framework
- ONARY3AAY A ySg Ay aAsgskem of prgvisidn oK eherdyetamy iockdd thid
what Liebowitz and MargoliLiebowitz and Margolis, 1998assify as
o first-degree path dependence (where sensitivity to starting points exist but do not
result in inefficiency) with respect to choice of energy mix for investntkecisions
made prior to the 1950s;

SLd FLIJSENR Fa (dK2dAK dzasS 2F (KS (S Narosstartsd gaiting NSNS G ¢ 6 A G K N
2015/2016(National Grid, 205; Sanderet al,, 2016; Zachary, 2016)first heard its use at the Energy and Economic

Growth Grid Reliability and Utility Operations conference in February 2020 in Accra, Ghana.
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0 seconddegree path dependencghe inferiority of a chosen patthat is unknowable
at the time a choice was mad&)r investment decisions made in the 1970s
o and thirddegree path dependence for investment decisianade in the 201Q0s
where dependence is based on initial conditions and ignores information (about the
increase and frequency @&l Nificinduced droughtsand the competition for water
that exists between hydropower and food and wattrat implies that it is inefficient
- the primary data collected through
0 surveys withmanufacturing firmsto bring fresh insight into the impact opath
dependenceon electricity consumers
0 interviewsto contextualise and triangulate interpretations withykaformants from
A within the Zambian government and ZESCO
among private energy developers
among the interface between Zambian manufacturers and the government
within a donor
among Zambian researchers
among other sources
- unigueanalysis of both the primary and secondary data.

> > > > > >

Thanks to the InternationaBrowth Centre research grant, this studsas able to hire and project

manage a team of eight in Zambia to collect 123 survgyshird of the population)from a
representatived | YLX S 2F I NBS YIydzZFlI OQidzZNAy3a FANXa 20l
Lusaka, Ndola and Kitw&heobjectives of thesurveywere to inform what the costswere of power

outages to large manufacturing firmand to inform what coping mechanismBrms employed with

the undetying hypothesis that backup diesel generators are at the fomfrof such coping
mechanisms. The survepught to understanthe extentto whichdiesel generators are successful in
YAGAIIGAYT FTANNVAQ Owrtdrnibgad onlthé Rnvirireni. It @@hariséughtitk S& A
ARSY(GATE LINBRAOG2NE 2F FTANNXAQ LINRALIGpackiydusi2 Ay JS
that installed capacity, fird €arbon emissions from backup generation, améstimate theextent of

emissions from diesel generation by the manufacturing sector.

This study finds that because of the leokinto hydropower resulting from path dependence,

%l YOAl Q& aeéadSy di ot aBaytSoMEEINgSgeR @ adlyia® gUD(IPCC, 2001)

that hydropowerin the Zambezi River Basivas no loger going to be the dependable source of

baseload power generation that it once was due to climate chafge increase in global
temperatures was forecast to increase the frequency and intensity of drought and low reservoir levels

and therefore hydropower capacity factafidarrison and Whittington, 2002; Beilfuss 120 Spalding

Fecher, 2012Further, withthelockh y Ay (G2 KE@RNRBLRZ2 6SNE %I YOAIl Qa aeai
was going to be increasingly competing with food and wakée lockin of low tariffs to consumers

further exacerbated the issue by iy OA | f f @ O2yadGNF AyAy3a %9{/ hQ&a I o
required power generation. ZESCO had the opportunity to respond to the threat of El Nino droughts

with greater urgency when it was forced to negotiate by the Government of Zambia with the
independent power producer for the Maamba Collieries coal power plant, but ZESCO delayed
contracting a norhydropower source of energy first by stalling on the tariff negotiation. A new power

LX FydiQa OFLMAGIE SELSYRAGANBAYWRNER §2 (0 KS 06 8 S8W
power generating assets, which had for decades allowed ZESCO to charge a tariff to consumers lower
than what it would have cost ZESCO to purchase power from an IPP. Second, ZESCO stalled by delaying
the construction of ifrastructure to connect the power plant with its grid. Had ZESCO not been locked

into seeing only the merit of hydropower generation and had ZESCO not been locked into a mindset

of being able to continue charging low tariffs to consumers, ZESCO wouldrbeaterl as urgent
diversification away from hydropower from 202P15. Maamba Collieries would have started
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delivering energy to the grid in 2015, thus preventing the power outages of 2015 and 2016, which
FROSNERSt @ AYLI OGSR %I YOAF Q& YIydzZFl OldzNAYy3I FANNAEC

Thethesisis structured as follows.

Chapter LZJINRE A RS& GKS O2yGSEG T2NJ K24 %I YOAlI Qa aeéaas
describes the underlying economic theory and empirical evidence connecting energy and economic
development throughi KS YSRAdzY 2F AYRdAzZAGNAItAalFGA2Yyd LG A
system of provision, andxplains the importance of the World Bank, which had financed power
IASYSNI GA2Yy | aaSita GKIdG KFER 3ISYSNF SR eretitage8 T %IF Y0
of 2015 and 2016. then goes into the political conte& ¥ (G KS 2 2 NX Rmakihgyds @€l RS OA &
as the economic rationale explained by its economists and top executives. Chapter 2 then rounds out

with a look at how the provision of energypacted growth of the manufacturing sector in Zambia,

and how successfully it contributed overall to developmént & LA GS 2F Y| ydzF I O dzN:
materially affect structural employment away from subsistence agriculture prior to 1991, its
resurgence since the 2000s has seen it return more employment than the mining sector and more

GDP per kilowatt hour of energy consumed.

With the threat power outages pose this resurgenceChapter Zeviews theliterature andprovides
initial desk analysisrothe impact of power outages omanufacturing The end of the chapter
identifies gaps in the literaturéChapter 4developsa methodology for gathering data to fill the gaps.

Chapter 5presentsthe results and interpretations of the survey on the impatpower outages on

Y%l YOAl Q& YI Yy dzZFohaDtérdpidviges fresh h6igh® N the impact of power outages

2y % YOAlIQAa YIydzZFlI OGdzNAYy3I FANXYA GKNRBdAAK (KS O2f f
large manufacturing firms. It ranklamages incurred from outages by manufacturing firms, ranks

their use of mitigation strategies, show how the costs of power outages differ for firms using differing

coping strategies, identifies firm characteristics that can be used to predict differipingco
mechanisms, and cost the damages for firms. It explains why firms rank months with the most rainfall

as the worst for power outages. It identifies firm behaviours that are suboptimal for grid efficiency,

but also identify ways in which firms are wiglito give back to the grid.

Chapter6 attempts to explairvK @ %I Y 0 A lofteéergy @ravisiod Wid not prevent the power

outages of 2015 and 201¢€:irst, it notes the risingncidence of transmission and distribution losses.

It then diligences &2y 2 ND&a F2NBOI &l 2 F-eléétricityoby P0S0&t0 aRks8E th¢ R F 2 N
additional power generation Zambia will require net of redudiagismission and distribution losses.

LG GKSYy LINBaSyida GKS f AGSNI GdzNBits tispasal thiolhithea @ a G SY
2000s prior to the power outages of 2015 and 2016 on how vulnerable additional investment into
hydropower in the Zambezi River Basin would be to climate change. Given that the system of provision
proceeded to invest in hydropowen the Zambezi River Basin anyway, the chapter then explains how

the historical institutional path dependence framework explains thige chapter also explains how

path dependent industrial strategy together with electoral politics contribute to our undading as

to why the system of provision has not sought a more equitable tariff structure and distribution of

grid energy.

Chapter 7offers supply and demard A RS NB O2YYSYyRIGA2y & F2NJ GKS | 3
provision.Chapter 8zooms back out téhe broader applicability of the case study of Zambia to low
OFNb2y LRfAOASE (KIFIG SyadaNBE SySNHE& aSOdaNAGE F2NJ
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2. Energy, industrialisation and economic growth

As of 2014, 81% of Zambian grdectricity was powered by assets financed by the World Bank

¢htt 2F Al KERNBLRSGSNIP ¢KS 22NIR .lyl1Qa AygdSs
2F Y%l YOAIl Qa  SkIFSYOIIANI ki) 2nHadaga Mhichewasalso its direct

intended beneficiary in 1973n general, thinking within the Bank held that allocating
NE&2d2NOSEa FT2N) WLINPRAzOGAGBSQ aSO0 2 sEorswduldi KS SO
GKSy L& G(G4KS (I ES& NBIdANBR G2 LI & FT2N waz oA
do not suggest an improvement in quality of life for Zambians following the power investments

until decades later, and for that the causality canibet convincingly attributed to power

generation. By 2018, only a third of the population was connected to the grid, meaning that
investment in power for the mining sector still has not trickled down in power far&lly A y 3 Qa
growth did however spur manufaging growth, but that was stymied by neoliberal economic
restructuringby the Zambian governmepoh the adviceof the Bretton Woods organisations

in the 1990s. Manufacturing shows greater potential and better value per kWh of energy than

mining for generating employment and GDP.

In this chaptemwe explorethe theory justifying supplyingnergy supply for manufacturing by linking
manufacturing to economic developmént 4 KS ' 3Syida Ay %l YoAl Qa &aeaidsy
importance of the World Bank among them; the underlying political interests and economic rationale

within the World Bank for promoting hydropower and exporting tAiennessee Valley Authority

template to lowincome countriesand how application of the TVA template played out in Zambia.

2SS gAff 4SS1 G2 dzyRSNRGFIYR K2¢ SySNHe& &dzLdLX &
industrialisation, deindustrialisation and reindustrialisation to then set the scene in chapter 3 for the
Y2NBE NBOSyid GKNBIFG 2F LIRoSNI 2dzil 3Sa 2y %l YOAl Qa

2.1 Mechanisms by which industrialisation drives economic growth

Economic prosperity and electricity consumptibave gone handh-hand. The log of electricity
consumption is positively correlated withK S € 23 2 F 02 dzy (| NA JGaSellahtd® 4 &4 R2 Y
al., 2015, fig. 1fFigure2). One, however, does not directly cause the othBather,causality goes

both ways through intermediate step®n the one hand, with greater prosperity, consumers move up

the energy ladder rad purchase more goods such electric cookers, refrigerators and water heats
(Tobey, 1996, pp. 122, I6162). The consumption in turn drives sales of appliances which need to be
manufactured, which takes energy. Increased manufacturing means increased jobs, which means
increased disposable income to buy further goods which need to be purchased. theiKéynesian

multiplier effect that was observed with the availability of cheap electricity with the creation of the
Tennessee Valley Authority as we show below. Likewiseireity availability enables increases in
economicproductivity ¢ from that at the householdlevel (Ahmed, 2020a, p. 1969 enablirg large

scale industrialisation which involves moving labour into higher productsgtitors as the cited

literature below elucidatesThe increased productivity drives economic growth: £ R2 Na FA NR G
growth posits that the higher the growth of manufacturing output, the more significant is the growth
NFGS 2F GKS $02y 2 yvaroohi, ReNERAZDH, 208 § RZKRAE S4S02y R ¢
known as the Kaldeverdoorn law(Marconi, Reis and Araujo, 20&8ates that vith increasing returns

to scaleandincreasing skill and knetwow, opportunities for easy communications of ideas, increasing
opportunities for differentiation of processes and specialisation of activithesease such that
productivity grows proportionally to the square root of outpyKaldor, 1970, p. 484)

7 Dlamini et al found no causal relationship between the two variables usinggimple Granger causality tegi3laminiet
al., 2016)
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Figure2 Relationship between electricity consumption and GDP, 2011

Relationship between electricity consumption and GDP,' 2011
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SourceReproducedrom Castellano et gR015, fig. 1)

Szirmai and Verspagg@015)found empirically thaty | f R2 NR& KelLRGKSaira GKIF
engine of manufacturing growth helchanufacturing had a moderalgpositive impact on economic

growth for a panel of 88 countries for tiperiod 195602005 Cantore et &b @017)regression analysis
controlling for endogeneity bias using sample of 80 countries for 19&010 similarly supported

YIFf R2ZNR&. KL GIKSaAaA

Severatheoretical arguments contributéo understanding whynanufacturinghasempirically been

found to havehistorically propellececonomic growth

i. Manufacturing is more capital intensive than agriculture, and thus provides more
opportunities forinvestment(Haragichi, Martorano and Sanfilipp@019 Szirmai, 2012)

ii. Being capital intensive, manufacturiegcouragesnvestment into technological advanee
reduce costs through achievirggonomies of scaleTechnological advance is also driten
offer customersunique products and thus provide the firm economic renfBechnological
advanceallows anS 02y 2 Y& Q&4 LINE R daDificie@sgandOhkencd its pdiehtialA S a
income, according to thaeoclassicabolow mode(Solow, 1956)

iii. These technological advances have a higher likelihood of spilling over into other sectors of the
SO2y2Ye (KIFyla G2 YIFydzZlIOldzNAy3IQa adNBy3 ol O]
Manufacturing uses primary sector goods, and generates demametiary sector services
(Kaldor, 1984)Szirma(2012)argues that advances in ICT hardware technologies produced in
the manufacturing sector fuelled technological advance in the software producing service
sector. (Thurlow and Wobst, 2007, pp. 232, 28K 2 ¢ (G KIF G %I YO Al Q&4 & SNIA
more rapidly in the industded scenario. They e, however, that agriculture has more pro
poor growth linkages.

iv. DAGSY YIydzFlI OGdzNRyYy I Qa & dzLIS NR BtNdturdtdtrénsfer f (1 SOK Y
resources from the primary sectors to manufacturing resinta structural dividend due to
increasedproductivity. A transfer ofunskilled (Rodrik, 2018abour from lowproductivity
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agriculture to highproductivity industry results in an immediate increase in overall
productivity per capita and has been a major sourcegmiwth in developing countries
(Szirmai, 2012Rodrik(2016)finds that formal manufacturing exhibits unconditionabbur
productivity convergence./ | y (i 2 NB (281if) reseérch apoints to manufacturing
productivity and manufacturing employment share as being responsible &areable effects

on growth.

V. Given the higher productivity per worker, a burgeoning manufacturing sector not only absorbs
labour, butalsoshould bebetter able to compensate workers.

Vi. As per capita income risém®th as resulhg from and resulting itncreased manufacturing,

demand for manufactured goods increases #melshare of agricultural expenditures declines
6 9 y 3 S f Eaanonfiek wid of manufacturing will not profit from rises in per capita ingome
while economieswith manufacturing sectorghat can survive disruptive changend
international competitioncan benefit from the Keynesian multiplier

Vil. Manufacturing goods areasilytradable as opposed to servicethus allowing a sector within
a developing economy to escape the constraintaf-income domestic deman¢Rodrik,
2016) andagain allowing for the Keynesian multiplier to amplify the benefits tfriving
manufacturing sector.

viii. When trade opens up between a country that is more industrialised, it will be able to supply
the needs of the more agricultural country on more favdieaterms, and indeed will
eliminate its competition for demand in the foreign marKiialdor, 1970, p. 484)

In summary, electrification enables industrialisation whiclhas historicallyled to economic

developrent in industrialised economies. Since electricity consumption is not simply the result of
individual preferences but connected to the way in which it is provi@ayliss and Pollen, 2019)e

will now interrogate and build uponBaglida | YR t 2 f %25y @dnerdy ByR&h of poFision

which enunciates the agents Yy R G KSANJ NRf S& Ay %I YOAIl Q& adzZlli & 2

22%F YOAlLY SYSNHeQa aedaidSy 2F LINBPOAAAZY

Baylissand Polléhé 2 @ A GSY 2F LINPOAAA2YE | LILINRFOK (G2 Fylfe@:
that consumption outcomes are not simply the result of individual preferences but are inherently

linked to production, rooted in local context and emerge from the tensions aragagts in the chain

of provisioning(Bayliss and Pollen, 2019he approach recognises the roles and significance of a

diverse bog of agents.

Figure3A Yy O2 N1 NI 6Sa . FeftAaa I (Bayliss ahd PolegS figal3Thdl SY 2 F
power utility ZESCO, independent power projects (IPPs) that sell energy to ZESCO through power
purchase agreementand the Southern African Power Pool (SAPP) generate power. This power is
purchased by ZESCO, an autonomous corparatgtablished in 1969 and wholly owned by the
Government of the Republic of ZamiiIBRD and IDA, 1973, pwhich then distributes energy end
consumers (households, businesses and some mines) as well as to the Copperbelt Energy Corporation
(CEC), an intermediate power utility which distributes solely to mining companies in the Copperbelt
Region and also sources energy from the Southericakf Power Pool. Overseeing energy policy is

the Ministry of Energy. The Rural Electrification Authority is its agency to oversee and implement rural
electrification policy. The Energy Regulation Board is responsible for licensingsatnif§ and
reguating quality of supply using a series of key performance indicators. Bayliss and (P@len

assert that the tariffs paid by the Copperbelt Energy Corporation and mines are outside the remit of
the Energy Regulation Board. In facte tremit of the Energy Regulation Boasdcurrently being

litigated (personal interview with Alfred MwilaDirector of Economic Regulation at the Energy
Regulation Board, 6 June, 20X&e Annex 3.1.%or notes and public statement made by Cletus
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Sikwanda, Economist at the Energy Regulation Board on 4 September, 2019 at a public forum in Lusaka
organisedbyt8 LY GSNYIFGA2y Il f DNRBgUK / SYyaNB G2 LINBaSyid :
has the power to resolve this ambiguity (personal interview with Alfred Mwila, Director of Economic
Regulation at the Energy Regulation Board, 6 June, 2018), and sorfeatlcan also be considered

Fy 3Syd Ay GKS {@aldSY 2F tNRGDAAAZ2Y Yh&8Ay 3 FTNRY

Figure3 Agents in the system of provision for electricity or electricity substitutes in Zambia

Zambian state led by Ministry of Energy, Energy Regulation Board, Rural Electrification Authority
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Figure3 £ a2 o0dzAf Ra dzLl2y . lF&fAaa FyR t 2qfidefeeriity aeads
provision, by taking into account the possibdaitry of a prospective private ofaker and by

recoguisy’ 3 0 KS 2 2 NXeminent Irolé jarfoglohdksnd investord Y FAYF Yy OA Yy 3 %l
power generation assets.

The modifiedsystemin Figure 3 also includes the67% of the population that live without grid
connections(ZICTA and CSO, 20E8)d who rely on offyrid solutions including solar products

charcoal and biomas§Tembo, 2018§ This situation persistsp n &SI N&B | FGSNJ G KS 2
substantial energy investments into Zamifi@orld Bank, 2018kp support mining (IBRD and IDA,

1970, 1973)in the vain hope that the benefits of hydropower would trickle dogRark, 1968)

Agricultural firms can meet their electricity needs using biomgpsseration(Zambia Sugar, 2017, p.

15). Manufacturing firms use backup diesel generation to make up for lost ZESCO (@dwezd,

Baddeley, D. M. Coffmaet al, 2019) as do mining companigdifula, 2010b, 2010a; Steel News,
rechargeable lights and solar producteg 10" and 11" favoured strategies are UPSs and diesel
generators(Ahmed, 2020h)

81n the context of rural China, Jiang efdnget al., 2020)ound thatln low-income households, the main sourcesotrgy
increase the consumption of energy increases, and the energy flows become more frequent.
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Personal interviews with Africa GreenCo (4 June 2018, 23 April 2019, 3 September 2019) revealed that
the company intends to facilitate investment into renewable Independent Power Rsoje¢
becoming a private credivorthy off-taker that onsells to ZESCO and clients on the Southern African
Power Pool! FNA O DB & ¢ 418 @REBAGitatdlBew renewable energy investment that
would not otherwise take place because prospective independent power projects are afraid that
ZESCO will not pay them because ZESCO is notwoethiy (phone interview with a donor agency
energy expetr, 27 February 2019, seenex 3.4.). Africa GreenCo haaised capital from donors and
development finance institutions to provide it 18 months working capital buffer in order to be able to
provide this service (personal interviews with the CEO and @3 épril 2019 and 1 August 2019

email received from CEO 30 October 2028 annexe8.2.2aand 3.2.2bfor further details).

Without the World Bank and its regional counterpdtte African Development Bank, very little large

scale infrastructure wodlhaveexised in Africa because of the lack of established markets and lack

of trust by private sector participants in both their governance as well as in commercial demand. The

World Bank, AfDB and other development finance institutions both stand @e jpibas well as catalyse

private investmenby issuing guaranteeMore recently, the Government of China has been investing
KSF@Ate Ayid2 ! FNAOI Y Ay T Né far AfNHrOaSalmedS(Mdyay 2083)i 22 A Y &
LYRSSRY / KAySaS adrdS 26ySR Sy i SNLINA & SChineseNB %9 {
institutions ranking first, second, seventh a7, 2tand 23%x O2 YLJ NBR (2 (KS 2 2 NI
ranking 9", 14", 24" and 29" largest debts asf 2018 (Zesco Ltd, 2018, p. 98)

Even though & most significant investments into Zambian power generation had taken plapesds
prior, the World Bank was stk YO Al Q& Y2aid aA3IyATAOFIYy(d Ayo@Sadz2NI .
in use prior to the power outages of 2015 and 20%#ce these hydipower dams were completed,
KERNBLIZ2GSNI | O02dzy G SR T2 NJ I Y Ziguies below). InAF71, slfar 6 A I Qa
back as World Bank paneldataggd O1 > K@ RNRB L2 6SNJ | OO02dzy i SR T2 NJ 1 pi»
This increased to 92% in 1972 and to 9874.977. From 1982 to 2013cinsive, this proportion did

not fall below 99%World Bank, 2020u)n 2014, the Energy Regtibn Board observed more than

95% generation from hydropowdEnergy Regulation Board of Zambia, 2015, pw&h the balance

provided by diesel, heavy fuel oil and a minimal amount of solar photovoltaic plants.

Figure4 Zambia's historic reliance on hydropower
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Just before thgpower outages of 2015 and 20162014, the Kariba and Kafue hydropower projects

that the World Bank financed between 1956 and 1974 accounted for 81% of ZESCO generated
electricity (Energy Regulation Board of Zambia, 2015, pp. 4, 5, 6inte that time and up until the

L2 6SNJ 2dziF 3Sa 2F wnmp FYR HamcI y2 AAIYATFAOlYI
generation capacitfWhitworth, 2014, p. 14)The World Bank not only financed the Kariba and Kafue
hydropower projects, but, in the words of the former chairman of the British construction company

aSt SOUSR G2 o0dzAf R UKS rdowshnieh® &5 | YNIY iticBgphyie @880 G K S
north bank power statiorfMorrell, 1987, pp. 15¢153)° Similarly, power generation was the World
hy1Qa Y2ad aArA3ayAaATFAON Yy R Scéoinfing forimbra tian Fialf thé valyed S a G Y S
of its investments up until 1974 (seeble?2 below). It therefore behoves us to understatioe

dynamics and thethinking tat motivated and informedi K S . | ytinéba prickitisatich Zof
energy.
Table2%l YO Al Q& FANRG wminanSel BftaskzichiR projeettld R . | v ]

# Project Title Project ID Commitmen Status Approval US CPI- Power Economic Bottom of
t,USD M Date U commitment infrastructur the pyramid

current ,USD M e, USDM focus, USD
constant constant M constant
9/2018 9/2018 9/2018

18 POWER KARIBA-NORTH(S P003166 42.10 Closed  05/07/1974
17 Lusaka Squatter Upgrading and Sites and Services Project P003167 20.00 Closed  05/07/1974 49.4 102
16 Kafue Hydroelectric Power/Second Stage Project P003164 115.00 Closed  05/07/1973 44.3 655 655
15 Program Loan Project P003163 30.00 Closed  14/06/1973 44.2 171
14 Education Project (03) P003162 33.00 Closed 31/05/1973 43.9 190
13 Integrated Family Farming Project P003161 11.50 Closed  16/01/1973 42.6 68
12 Kariba North Power Project P003160 40.00 Closed ~ 07/07/1970 39.0 259 259
11 Agriculture / Tobacco Project P003158 5.50 Closed  28/05/1970 38.6 36
10 Education Project (02) P003159 5.30 Closed  18/11/1969 37.0 36
9 Livestock Project P003154 2.50 Closed  17/06/1969 36.6 17
8 Education Project (01) P003156 17.40 Closed  08/04/1969 36.3 121
7 Forestry Project P003155 5.30 Closed  24/09/1968 35.1 38
6 Highway Project (02) P003157 10.70 Closed ~ 24/09/1968 35.1 77
5 Highway Project (01) P003153 17.50 Closed  04/10/1966 32.7 135
4 POWER Il / Kariba Electric Power Development Project (02) P003152 / 3.80 Closed 02/10/1964 311 31 31
P003267
3 Railway Improvement Project P003151 9.50 Closed  16/06/1958 28.9 83
2 POWER | / Kariba Electric Power Development Project (01) P003150 / 40.00 Closed  21/06/1956 27.2 371 371
P003264
1 Railway Project (01) P003149 14.00 Closed  11/03/1953 26.9 131
Total investments, 1953-74: | 1,531 2,011 727 2,738]
% of total investments,1953-74: | 56% 73% 27%

Sources: World Bank, 2018 https://projects.worldbank.org/ and US Bureau of Labor Statistics, 2018 Table 24 for CPI-U values

Data sourcesWorld Bank, 20184JS Bureau of Labor Statistics, 20[BRRD, 1956¢, p. 6; IBRD and IDA, 1964, p. i
calculations own

23TK S 2 2 NI Bupport fgf En@rgy investment around the world arnid Zambia

¢CKS . lyl1Qa Ay@SadyYSyd | LILINI A&l f R2O0dzySyia RAR Yy
extend to ordinary Zambians, and indeed, by 2018, only a third of the population had access to on

grid energy access is 33ZICTA and CSO, 2018ktead, the appraisal documents showed that 85%

2T %l YOALl Q& StiosabthieNiFelok apgraisd) af yhé Kafie Bydroelectric project in 1973

gl a o0& %%l YOoAl QBRDGAIDASINIZ ApYIR®RE ANE 61 & GKAA& Ay Rdza i NJ
requirement€(IBRD and IDA, 1973, p. Wgre being assessed. Consistent with this neglect of

z

electricityr 0O0Saa F2NJ Fff & | LINA2NRGeX 2yt & I d dzr NI SN

9 The twisting of the arm was not in the context of the Zambian power utility not wanting more hydroppivelid. The
twisting of the arm was in the context of helping the World Bank finance the hydropower project for the benefit of tHe Britis
colony Soutern Rhodesia, which was facing sanctions, as well as Zambia, by channelling the money througtVganabja
1987)
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RANBOGfe GFINASGSR G WwWaz20AlFf AYFNI &a0GNHzOGdzNBQ ¢
requirements of Zambians (séeble2 above.®

¢ KS . griofifis@ian of economic infrastructuteand moreover hydropowergflected both the

political instrumentalisatiorof the Bank within a geopolitical context, as well asrisgitutionalised
economicthinking ¢ 2 dzy RSNE (G yR §KS ntalisdtibrQas welllastthe invesirhetit A y & (0 |
principles underlying particular investments, we need to lagkthe original template of the

hydropower project (the Tennessee Valley Authority)the context which birthed the Bank, rhetoric

that guided its purposeas well as the writings and sayings of is most influential economists and
executive leadershipn respect of power generation versus investment in more welanesed

projects

2.3.1The Tennessee Valley Authority template

The Tennessee Valley Authority vaatederal hydropower agency that would by 1946 comprise nine
YWKdzZASQ RIYa Ff2y3 | &aGNBGOK 2F cnn YAfSa 2F ¢S
tributaries. As well regulating the flow of water, the dams hagl¢hpacity to generate-2.5gigawatts

of power, ranking the TVA second among US electric sygtémdey, 1946, pp. Xt23). As it started

delivering electricity in 1937, the Tennessee Valley Authority offered electricity prices that were
almost60% lower than the national avera¢féiner, 1972, p. 205Whether or not prices converged as

a result of competitive pressure, that fell to 45% by 194972, p. 205)Where preiously electric

utilities had targeted ondifth of households already modernised, the TVA focused on thefitibs

of households that utilities claimed were incapable of modernisation.

Table3¢ KS ¢ Syy SaassS tarffstcdmPated to dré iabhahaiiedaged

Average rate per kWh/cents

Electric system 1933 1937 1938 1939 1940
Tennessee Valley Authority 1.83 1.95 2.16 2.06 2.05
US entire industry 5.49 4.39 4,14 4 3.84 3.73

Excerpted from Finer, [1944972, p. 205

Prior to the New Deal, the average household consumed 30kwWh monthly in the USA, just more than

lights (11kwh/month) and a radio (7kWh/month). By the 1950s, that had increased by five times.
Refrigeratorg; which spent on average 22kWhonth ¢ went from being a luxurappliance to a mass
appliancgTobey, 1996, pp. 15162) Greater demand from the middiglass market meant that their

unit cost of poduction fell in addition to the cost of running them thanks to the TVA. Within three
8SIFENER 2F O02yySOilAy3a G2 GKS ¢+! Qa 2Afazy 5IY3Z ¢d
eight stores sell USD 500,000 worth of appliances. More broadly, bet¥82339, nominal retail and
service receipts increased by 87% in the power area of the Tennessee Valley Authority according to
census of business dafginer, 1972, p. 213A 1935 edition oElectrical Worldhoted that the rise in
arftsSa 2F LIWLXALFyOSa ol a &aidAYdiidoey 3996, p.a22kdctHc ¢ + |
cooking (123kWh/month) and water heating (168kWh/month)N8 G KS ySEG A GSYa
energy laddefTobey, 1996, pp. 15162)

Q

N B

10 While the World Bank today no longer persists with the distinction between economic and social infrastructure (though

the OECD does persi®ECD, 201D)it is important to note the World Bank did make this distinction at the time that it
FAYEYOSR Y2aild 2F %l YoAal Qa SErAadAaAy3d SySNHe& Ay T sdpplylanddzO (i dzNB ¢
AFYyAGEFGAR2Y a WazO0AlLftQ Ay@SaildySyidtas aSLINIGS FNRY WAYFNI ad
power and other energ{Kapur, Lewis and Webb, 1997, p. 6)

11 Ths was the key difference between the balanced growth targeted by the TVA and the unbalanced growth which ZESCO
targeted: the TVA was for those excluded; ZESCO was for those already included. We will return to this later.
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Greater aggregate demand led to greater output and output per capita, and this was palyicular
LINPYy2dzy OSR Ay GKS ¢! Qa OF G§OKYSy (i -HONBAlabama,SNJ OF L
Mississippi and Tennessee, compared with 57% for the(Biér, 1972, p. 212)

The increase in sales explains the insezaf 17,000 jobs in the trade sector in the TVA power area
from 1930 to 194(QqFiner, 1972, p. 211Yhe greater prosperity in this sector explains the expansion

of other sectors. Valuadded by manufacturing increaség 39% from 1938939 in the TVA public
power area (compared with 31% across the United States), and manufacturing wages increased by
35% (compared with 25% across the United Stafeisier, 1972, p. 211)he textiles, food products

and chemicals manufacturingectors increased employment by 17,000 from 1930 to 1340er,

1972, p. 211)In turn, the expansion of these sectors explains the increase in employment of the
construction industry by 16,000 for the same period. All this despite the inference that the WA po
area imported its manufactured electrical appliances from outside the area.

' RRAGAZ2Y I ffex StSOGNRTFAOIGAZY QA AYUSYRSR IAY (2
non-farm population of the TVA power area increased by 22% from 183®40, compared with a
17% increase for the urban populati@Riner, 1972, p. 211)

More broadly, mass electrification to stimulate the economy and reduce unemployment redefined
the role of government by defying amdwriting textbook teachingBarber, 1996, p. 1)t provided

the template for the Keynesian multiplier linking consumption and output in a cyclical relationship,
and gave rise tohe economic theories of a number of other Western economistdudingKeynes,
RosensteifRodan and HirschmaiRostow and KuznetdThe latter two approached the question of
economic development as a teleological exercise with respect to US pafitEasts.

232¢KS . lyl1Qa LR{AGAOIT AYyalaNHzySyidGlrtAalragazy

'{ t NB&aARSY(d CNJI gdninisration dgsiynedtBe2WoBdBadkd (DK S , arthe/ 1 £ 0
International Bank for Reconstruction and Developm@BRD}s it was conceived, as part of @te

of Bretton Woods organisations to help maintain peace after the Second World(Mé&son and

Asher, 193, p. 15; Sharma, 2010, p. 33, 2017, fy7providing international public goods in the form

of monetary stability, free flow of capital and free tra{f8ilpin, 2001)In 1945, President Roosevelt

shared with Congress a vision of establishing institutihvad complemented his other legacy of

St SOUNRFAOIGAZ2Y (GKNRdzZAK (GKS ¢SyySaasSS =+IffSe |
SEOKFY3IS YR O2yadzYLXiazyé (2 aSyadaNB 2dz2NJ 26y LN
S ¥y R dgRdssevelt, 1945Prosperity the world over meant deeper markets with which the US could

trade, and fewer security threatw2 2 4 S@St 1Qa @GAAA2Y g2dzf R Sy Rdz2NE R
22NI R . Fyl Ay@SaidSR Ay %l Yovd tleCnhdes RatendSiSecretry2o0F Sy S NE
Defence Robert McNamawaho two years later would preside over the World Bank for the following
13yearsNBAGSNI SR w22a$PifydBQa o@rAA 2yKS68 SEdza 6SiGsSS
0014l NRYSadaQ>x |yR GKFG LINRLIStfAYy3I RS@OSt2LAY3
(McNamara, 1966)

12 perhaps the most neglected underlying theoretical commonality between the mainstream-Amgincan economists

Keynes, Rosenstein2 Ry | yR | ANBROKYlY 2F (KS wmdponaI Wnna yR Wpna ofi
as development economists)as that their economic modelling based on the TVA experience was what R&earert,

2019) 0K I NI OO0 S NIK & & MHzy 8 & Basaien&Yasdd iri eXpéri@nce. Reinert is therefore not-teaded wien

KS RAAGAYIdzA aKSa DSNXIyYy SOZRéReR@E) |y 9ONFIF KNHzy3IagAraaSyaoOK Fi
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Withw2 2 & S@ St i Qaumand20cDiBethéi Bankdhd the Tennesseealley Authoritybecame
instrumentalised tdkeepat baythe Soviecommunist threato US export§Ahmed, 2020a)Providing
cover to this mercantilism were theeconomic theories of British and American
Erfahrungswissenschaftférof the day whose work had been informed by tBeperience of the
Tennessee Valley Authority Keynes, RosenstelRodan, Hirschman, Rostpwas well as of Kamets.

The latter twoapproached the question of economic development as a teleological exercise with
respect to US political interests.

The. | Yy 1 Q &or eleldrdiddtion to fulfil US interests rather than the best interests of the recipient
countriesfits D A f Lglbbhalch@gemon modebf the USA ¢ KSNB (KS KS3ISY2y WON
international economy primarily to promote its own interés(®ilpin, 2001, p. 99)/oting power in

the Bank would be decided biiares held; rather than one country one vote as in the United Nations

¢ makingthe United Stateswhich holdsmore than twice the shares than the neatdest shareholder

(IBRD, 2020Yhe most influential country at the World Bank. Th8 Secretary of the Treasury sits on

GKS 22NIR .lyl1Qa .2FNR 27F D2 @SNy AWGIEBaikk817%) 2 NI R
All World Bank presidents have been Americnwas left to the newly established regional
development banksg the InterrAmerican Development Bank estabbishin 1959, the African
Development Bank in 1964, and the Asian Development Bank incl@bfbcus on poverty lending

and water investment¢Bakker, 2013, p. 288)

The political economy of Rostovian growatid the Tennessee Valley Authority template

Prime inintertwining development logic with the Truman Doctrine of containing Soviet expansion and
influence was2 I f &G 2 KAGYlIY w2ai26Qad a¢KS { Comnfigist 2F 90
al YATSald2¢3 LWecotdihgitKiBeRophlaf ansl mhfientl modernisation theory of the
American economist Walt Whitman Rostow who advised the Kennedy and Johnson adiionistra

economic development was a linear path of five stadgsstow, 1960)

1 O1y26ft SRIAYT GKFG G KRSstow YIS6D, ypS A5had/ allowdsl O/ebtetzii A 2 Y Q
governments to address unemployment in times of economic depression, and thus thwart Marxism,

he set about merging a dynamic version of classical production theory with Keynesian inwdysésa

{AYyOS dzy RSNRS@St2LISR Yyl iA2ya 6SNB WYiwoSldbétha y T2 Od
WY230 AYLRNIFYG aAay3at J19a0ipSMm4)2y (GKS 2 SadSNYy | 3ASYF

w2ai260Qa (0KS2NE éthe tcaNpstiordfinvestyhenfaddpdaeRpments within
particular sectors of the economy at particular sta¢E360, pp. 1814)¢ at a traditional stage;tea
stage where it was getting ready for takéf and where 75% of the working force was in subsistence
agriculture; at the stage of takingff, by which end 40% of the work force might in agriculture; at a
mature stage, where 20% of the work force wouddib agriculture; and finally at a stage of high mass
consumption(1960, p. 71)

DAGSY (KS @GFENBAYy3a StlradaAorAiArsSa 2F RSYFIYR 6AGK S|
optimum patterns of investment{1960, p. 14) Investment to increase societal productivity would

GKdza &adl NI Ay F 3INRKOdzZ ( dzNTdgethiek &ycultbrgl ant @ftagiriictuie 2 @S N.
investment N2 GA RSR | (MOG0A p. @5fab modldrmairlgstry. To maintain industrialised

13 Experiential scientists

“eKAA ola Fit2Ay3a | ANBOKYFyYyQa dzaS 27 { K Gblicle@Wneds frémylawm dopy 6 LI
and order through education and public health to transportation, communications, power and water supply, as well as such
agricultural overhead capital as irrigation and drainage systems. The hard core of the concept can proteditycted to

NI yALRNIIFIGAZ2Y YR LR2gSNR® C2NJ KAa LI NI wz2adz2¢é SYLKIaAAASR
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SO2y2YASaQ INRPsIKE G(GKSe& &K2dzZ R (1968, p.1156)Haréirt IBsSRa Wdzy
potential for acontradiction in the Rostovian development model: if industrialised nations are to

continue growing by exporting to underdeveloped markets, how will underdevelapadkets

advance to the stage of mass higbnsumption? Do they too not need to industrialiSémports
KAYRSNI R2YS&aUGAO AYRdAZAUNRIf RSQOSt2LIYSyids gKAOK O2F

This potential conflict of interestsvas borne out inthé 2 NX R . td¢velébinentfirvédiinent,

with US commercial interests profiting from the investméntn step with the clamouring in the
P'YAGSR {GFrGSa F2NJ GKS WgSHLRYAaALGA2YQ 2F (GKS ¢Sy
(as opposed toeconstruction) investment loan was made in hydroelectric projects in @bile an

array of options that included forestry, a harbour and transpgdiBRD, 19471BRD, 19480livier,

1961b, p. 5; World Bank, 201a&power supply was deemed insufficient in Chile, and hydro was
favoured over coal and liquid fuels because they were high in cost and insufficient in @@,

1948, p. 22)This investment was followed, in line with Rostovian alertness for the need to establish

export markets in underdeveloped markets, with a ldanChile for the importing of agricultural
machinery(World Bank, 2016, p.4) LYy Mdny X o wre waFempléyadiinSagrigultusez NJ F
and fishing(Djdz, INders and Wagner, 2016, p. 666Endering it at Rosto® ¢take-off stage of

devebpment, or alternatively, ripe for flooding with US manufactured exports, required to sustain the

final stage of growth in developed natidRigh mass consumption. Thex-post data suggest that

flooding with US manufactured exports is exactly what happehiN (1962, p. 20and World Bank
(2016, p. 4RI G aK2g |y yci2 O2NNBfFGA2Y 0SGsSSy GKS gl
increase in installed energy capacity between 1938 and 1960. Funladysis suggests that the bulk

of these imports came from the United Statés.

Besides thepotential conflict between investment recipient countriemnd investor and export

oriented countriesreplicatinghe Tennessee Valley Authority templditethe Zambian contexvould

haveentirely different consequences for ZambiaO O2 NRA y 3 (2 Wheréas thedURited ( K S 2 NJ
{dFrGdSa ¢l a G GKS LISydzZ GAYFGS &adl :960,F71)th S &l
about just a fifth of its work force in agricultuRostow, 1960, p. 71; U.S. Census Bureau, 1999, table

1430) Zambia in 1968 was at the first traditional stage because close to-tbueths of its population

worked in subsistence agricultu(@ark, 1968)Where previously electric utilities hadrgeted one

fifth of households already modernised, the TVA focused on thefifis of households that utilities

claimed were incapable of modernisaticrargeting hydropower for cheap electricity consumption in

the United States propelled high mass samption which drove demand across domestic and already
established industries and drove rises in employment, wages and gross value adalegl.with
contributions from the Great Depreiss1 and the Second World War, this gave tisghe famous

Kuznets Cwe: the share of income of the two lowest quintiles rose from 13.5% in 1929 to 18% after

the second world war, while the share of the top quintiles(i€liznets, 1955, p. 4nequality fellThis

was the key difference between the balanced growth targeted by the TVA and the unbalanced growth
which ZESCO targeted: the TVA was for those excluded; ZESCO was for those alread\8ib¥uafed.

151t is important that the conflict of interests be noted as a potential oneufequivocally state that this was a conflict in

the case of Chile we would need to make the case that the rise in imports of manufactured goods from the USA diminished

| K A &bfitptaindustrialie. That is beyond the scope of this wolKealsodo notK I @S RF G+ F2NJ / KAf SQa YI
value added as a percentage of GDP prior to 1960. Post 1960, manufacturing value added grew frash@DiRto a

quarter by 197qWorld Bank, 2019b)

1689% of Chilean merchandise imports were from kigdome countries in 1960\ orld Bank, 2019b, I. 216Jhere is an

89% correlation between the indexed value of Chilean manufactured imports and US manufactured exports freif.1938

18 / KAfSQ& AYLRNIA AYyONBlI&ASR:S (KS ! {! Q& SELRNI&A AyONBlIaSRo®
importsa/ R AGia fIFNBSaA(l ySAIKOo2dzZNEQ YI ydzFl OGdzZNBR SELRNIA ! NBSY (7’
respectively(United Nations, 1962, pp. 9, 17, 20, 52)
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Zambian electricity consumption wéxy the exportfacing copper mining industryIBRD and IDA,
1973, p. )nitiated by colonialistssl Y6 A I Qa O2 LILiSdevelgpedmakdsificdZamtiiaS (i
was second only to the USA as a swwmmmunist sipplier of the commodity” Export of raw metals

and ores have continued to account for-yO&: 2 F 1| Y @WoFldBank, 2 E200F aideting
hydropower to benefit extractive mining industri@s Zambiavould benefitWestern marketsthose
employed in mining, thosserving mining companies and the customers of the mining products. The
beneficiares within Zambia would be limited, and inequality would rise.

Ironically,Y dzi yo®serafion ofeducedA y Sljdz t Aie FNBY | G4AYS o62dzyR S
experience with a high degree of government intervention targeted at the bottom of the pyramid and

hence with balanced growth had subsequently been used to justify development along a capitalist

patr RAAY 2F dzyol f I yOSR SadeR df Ecodomi¢ Growkh] A Noangmaris? ¢ Q a
Manifestz YdzZl ySiQa (KS2NEB (GKIG WAYO2YS AySlidzatade 6z
of capitalist development, regardless of economic policy choices loeratlifferences between

countries, y G A f A G A0l 6Af A& Giketty, 2014, ¥. 13\)V®CD\61 latlvértisdd Bs af SAS Tt Q
political one®®Buth { S w2 a2 6 Qa YzRSN;yA alrdAzy (GKS2NEB FyR A
of the Tennessee Valley Authority, Kuan@ Q@ G KS2NE g+ a | LI NIA&AlLY 2YyS F

political interests and ideology in the context of the Cold \(Raketty, 2014, p. 13)

I O02YLJ yeéAy3d courhedig éconamict tetrmisisOpolitical pressure from the United

States to export theé { ! 'iest-known, most highly appreciated institutiofCooke, 1949; Ekbladh,

2002, p. 350 the Tennessee Valley Authorifihe historian Arthur Schlesinger called the Tennessee
+FffSe 1dzikK2NAGEe WI gSILRY KAOKI AF LINRPLISNIe& SY
I 2 Y'Y dzy(Schlésiagar, 1949; Ekbladh, 2002, p. 380En a member of the judiciary was recorded

making overtly political statements about the TenaeS S + | f £ S& | dzi K2NA(G&d G ¢ KS
gStt yz2ey it GKS gl& FONRaa FTNRY (KS aSRAGSNNI

2AE ALY 52datla Ay mMppmd G¢KSe 1y246 I02dzu ¢Syys$s
Valley Authorityo X 8 G KF G UG&a GKSANI ySSRa yR gAff 2t @S Y

beutlisSR & 2y8 2F (KS YIE22NJ AybdSydsa iz ﬁdzNy oF O
G2 Sy 3diodglad, 981t Ekbladh, 2002, p. 33%)e politicalresilience andopularity of the

TVA catied through into the 1960s as UNB & A RSy (i [ @ ydkedyof repicktiyigitBey Q &
¢SyySaass xlttsSe !dziKaNRGe Ay *ASGylY Ay KAa &L
FFGSNI KS KFIR RA&LI 0§OKSR oZpnn '{ alNAySa (G2 {2dz
in the Vietnam War.

GOt SOUGNRTFAOI GARGXEKTF (G0 KOX 60 Adzy ANELINBRS A IS ©wX86 L
was born, and where | live, | have seen the night illuminated, and the kitchens warmed, and

the homes heated, where once the cheerless night and the ceaseless cold held sway. And all

this happened becae electricity came to our area along the humming wires of the REA [Rural

9f SOUNRTFAOFGAZ2Y ! RY)\VA“GNJ ii)\2y6d>é +7\Suyl YQa
L2 6SNE KS (G2fR KA& | dZRASY OS> 2y (Johnso®ho6ss G KI

17 Prior to independence, mining wadominated by two companies, Anglo American and Roan Selection Trust, who paid
royalties to the British South Africa Company in lieu of a local national government. The geographic area that would become

2 0SS 1y2s8y | a %I YOoAl pdddcer df Kdpperdr2thetwBrid, drailingkohlWNiRe UnitedNHafes dnd

USSR with 14% of global outg&arton, 2016, pp. Z21). The Government of Zambia nationalised the mines in 1969 and
reprivatised them in 2000 following protracted and failed negotiations for the Government of Zambia starting in 1992
(Barton, 2016, pp. 21, 14144)

Bgtated visually, th¥ dzi ySGaQ / dzZNBS gl a | &Gl G§SYSy i -&iFrepresedugdetdfomiz | f Wy Q
growth and the yaxis represented inequality.
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Yet as the evidence of electrificationZambia showsas well as investment appraisal documents for
hydropower projects across8icountries listedn Annex1s W2 Ky a2y Qa4 SELISNA Sy OS
electrified rural homedrom hydropower investments abroadias at odds with the reality ahe

I ¥ locusi on energy catering tmining and industryThis was because proponents of the TVA
template within the Bank had forgotten the processes by which the TVA had achieved an increase in
employment and stimulated the economy, and focused onlyh@outcomes.

The Tennessee Valley Authority (TVA) temptaimeto be used as a universal suplgven solution

¢i2 0S NBFSNNBR (2 a GKS a3INI yRROURBBYEY R Tl & fd 0 NS
marquee example afjovernmentfunded economilk S @S t 2 (Safles,2606, p. 12)By 1951,

the Bank had extended 32 loans in 13 developing coustriEsergy acalry § SR F2 NJ c &> 2 F
development finance portfoliglBRD, 1951c, pp. §86).2! In 1956, the Bank initiated the Economic
Development InstitutgMason and Asher, 1973, p. 3268at would train future finance and prime
ministers. The institute took students on outings. Th& Yy Sa 4SS =+ f f S& | dzi K2 NR (@
L2 gSNJ LX FyGa>x ANNARIAFGAZ2Y aeadsSvya FyR FSNIALA&SN
Third World countrie$sic], as well as the World Bankers, saw it as a model of the type of$aaie

ecoromic development that could be produced by large infusions of outside development capital

dzy RSNJ Ot 24S 3I2@SNYYSyillf adzLISNBAAAZ2ZY QO

[N

The¢ +! g2dzAZ R Fff2¢ GKS 22NIR .ly]l] WiKS NBflIGAGS
generation from more developel 2 f Sa & RS @ S(Masaddm Asher,dR78, NV haD

it was very much a suppbriven solutionis borne out in early World Bank country reports requesting

water and sanitation investments that were rejected, crescendoing into the outcry by 1960 by
developingcountries that resulted in the creation of the International Development Association
(Ahmed, 2020a¥ The TVAitself was predicated on cheap electricity for all, but in the developing
country contexts where it was introduced, it was used to supply those already with electricity access
Y2NB® ¢KS ¢+x! glta Fy FTRIFELGAZ2Y 27F | ®gbhific@ienNRQa Y
(Tobey, 1996, pp. €36)to stimulate aggregate demar@arber, 1996, pp. 12831)and gave birth

to the bottomrup Keynesian multiplier effect. As a suppigte solution offered by the World Bank,

regard was not paid to how different the conditions were in Zambia versus what they had been in the
United Stata.

233¢KS . Fy10Qa S$02y2YAO YR FAYIYOALET NIGA2YL

VrgrLx sa 02y iAydSay WoneKS ¢ dév@opracat@dhefis thirdughouvtteRiGittd SRRNNA A Y A £ | 1
the world, as well as for the Rural Electrification Administration, which brought electricity to rural areas across thg count

inorderi 2 Sy 02dzNJ 38 GKSANI SO2y2YAQOORBE LSt 21LIYSy i | yR Y2ZRSNyAal GA
20| have counted as developing countries Brazil, Chile, Colombia, El Salsthdupia, India, Iraq, Mexico, Nicaragua, South

Africa, Thailand, Turkey, Uruguay, and excluded Australia, Belgium, Denmark, Finland, France, Iceland, Luxembourg,
Netherlands, Yugoslavia.

21Using nominal values for 1948 loan agreements, electric powaccounted for 61.5%, transport for 21.8%, agriculture

for 9%, foreign exchange for finance for 4.6%, flood control for 2.8% and telecommunications for 0.3%.

2¢KS LYGSNyraazyrt . Fyl F2N wSO02yaidNHzO0 A 2 yatel ofidts albve@®B t 2 LIYSy (-
200dzNE Wl ff SYLX 28 YSy ((IBRD/1951b,f. 328y R deS i NA v Q@2 defA O AI$ 13a8 Q NB L2 N
AY alyAalliAz2yzr SRdzOFGA2Y YR Lzt A0 KSIfOK WgAlK2dmi |j dzSada:
inhibiting productivity(IBRD, 1953b, p. 22lowever, no loans were made to Cuba in the 1950s where requests were made

for water projectg(Alacevich, 2009, p. 129f the eleven loans to Nicaragua between 1951 and 1960, none was for water,

sanitation, tealth or educatior{Kapur, Lewis and Webb, 1997, p. 1M/)th Paraguay, it was a similar story. Having accepted

- '{ 9EAYOlY]l f2Fy AY wmdbdpn ¥F2N | hedrojécBidd ah dapibdiiciive antesdity, 8nd X (G K S
moved as well by its rivalry with the Eximbank, dropped plans for lending to that country, an interruption that lasted until
1962(Kapur, Lewis and Wb, 1997, p. 111)
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Having understood the context of the Tennessee Valley Authority, its successes within its context, the
broader global political context underscoring its propagation andctleation and use of the World

.yl o0& GKS !'yAGSR {G4rdSaz ra ¢Sttt a wz2aiz2gQa
international development economic theory, we can now zoom back into the economic and financial
rationale used by World Bankrgfessionals¢ leading economists and executivesto justify
investments into energy and in particular hydropower.

Broadly, the thinking was as follows:
a. Economic infrastructure would benefit the economy and generate taxes to pay for welfare
assetqwhich, in the case of access to electriaitzambiait did not),
b. Social infrastructure wasom also economic infrastructur@nd that
c. Inany case, it was not worth attempting to appraise the economic benefits of welfare assets
either on an exante or i an expost basis

Economic infrastructure would benefit the econamyre quickly than social infrastructure

While the World Bank today no longer persists with the distinction between economic and social
infrastructure (though the OECD does per$@ECD, 2019)it is important to note the World Bank

RAR YI1S GKA& RAAGAYOGAZ2Y |G G4KS GAYS GKFG AG T
ra ftrG6S ra modpp GKS 22NIR .lFyl OFGSIA2NREASR 4 I
separate fromWA Y T NI & 0 NHzOG dzNBQ 6 KAOK 6SNB (St SO2YYdzyA Ol
other energy(Kapur, Lewis and Webb, 1997, p. 6)

The words of World Bank vice presidents lend insights into d@iemmale as to why the Bank as an
institution thought there was a dichotomy between social and economic infrastructure.

In rejecting an investment for urban water in Colombia, W&dahk vice president Robert Garner said

GKFG GKS .1yl ¢62dd R 2yté& O2yaARSNJI Ydzy A OtheJ- £  LINEP
LINE2S0Ga ¢SNBE Of2asSte O02yySOGSR g A(GHnerilR®;, RSOST
Alacevich, 2009, p. 118 Rejecting the project once again a year later in 1953 following a
NBadzomYAdaaArzy F2NJ GKS LIWX AOFGA2Y 2F | f2Fy F2NI
concentrate its efforts on projects which will yield theeatestand guickestincreasein output and

LINE RAdZOGAGAGEQd hdzi 2F (GKS&S ySg &a2dzNOSa 2F AyoO?2
WLINRGARS 2dzi 2F GKSANI 26y NB&a2dzNOSa o6SGGSN Ydzy)
S R dzO | (Gavrrery X953; Alacevich, 2009, p. X7) DI N} SND&a aSy dAyYSyd ¢2dzZ R
successor almost a decade lat&s World Bank vice president Burke Knd@fivier, 1961, p. 33)

SELX FAYSR Ay mMdbcmMI a2 BndbthkiAg thoSethihgstwhi¢h haveicorBe toiby (1 K S
known as social projects rather than directly productive economic projects. My own definition of these

is things that are less investment in future productivity and more satisfaction of current welfare
requirements, like housing, water supply, other municipal services. Our sort of doctrine in the main in

the past has been that those things were the fruits of economic development and that we would

rather invest in the means of economic development and let taem develop the taxable capacity

YR GKS LINPRdAzOGAGAGE GKFEG ¢2ddZ R SyrFrofS GKSasS | YS

Arguments that potable water, considered social infrastructure, was key to productivity fell on deaf
ears. An IBRD missionto Cl& LJ2 NI SR G KF G 6SNB | 6F GSNI ONR&AAE |
£t Ay Rdzald NXEBRD, 5981dyf pR 32&VBe Nicar@gua report called investments in
alyAldlr A2y SRdzOF GiarRr/dzil yIjRAzS AdAOAL 2AyD  KISKE S GTKA NBSUA  LINA 2

B¢KS NBljdzSaid F002YLI YyASR NBljdzSaia F2NI Ay@dSaldySyild Ay 20GKSNJI :
L26SNI Aa LISNKILA (GKS YvYz2ad aiay3at S(CBriedy8y.614hy Y2RSNY SO2y2YA
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rates and low nutrition inhibiting productivitfBRD, 1953b, p. 22§owever, no loans were made to

Cuba in the 1950s where requests were made for water projg&liscevich, 2009, p. 129Df the

eleven loans to Nicaragua between 1951 and 1960, none was for water, sanitation, health or
education (Kapur, Lewisand Webb, 1997, p. 111With Paraguay, it was a similar story. Having

I OOSLISR | ' { 9EAYolyl t2Fy Ay wmdbdpn F2NI I & GSN,
was an unproductive amenity, and moved as well by its rivalry with the Eximbampedtglans for

lending to that country, an interruption that lasted until 19@2apur, Lewis and Webb, 1997, p. 111)

In relation to the rejected water investments, Cur(i79; Alacevich, 2009, p. 128mplained that

GKS .yl GKIFIR GKS A0GN}ry3aS o60StAST GKFdG ol GSN gl &
remains as such, with water and sanitation listglR S NJ W{ 2 OAF £ Ly ¥ NI & i NUzO( dzZNB
f A0SR dzy RSNJ w902y 2YAO LYy TFNI &l NBDA WzkeB not uyitika { S NIJ A
political uprising from developing members that the Bank made its first urban water supply loans in

1960 with thecreation of the International Development Association, and even then, investments

mainly privileged the urban middigasses.

But bwer marginal productivity could not be the reasoning for denying investment in water in Cuba

and Nicaragua where clean water was seen as a prerequisite for productivity and industry. In truth,
DIFNYSNR&a 2LIJ2aAdA 2y inforded byligeSexpiérientd and gmotige piefaditk. ¢ | &
CtALILI yiltes Ay +ty AYGSNIBASSG Ay wmohpypI KS arFAR a2k
system in its town? When | was brought up in Mississippi [...] we didn't have any water in our house"
(Kapur, Lewis and Webb, 1997, p. X0) Y I LJdzNE [ S6A & YR 2S00 NB Y I NJ

.. ] had Garner been born in a town with piped water in each home, he might have agreed to lend for
municLJ- £ & | (i S(1993 B N3B)EIEaByin @ddition toErfahrungwissenschaétt play among

the economic theories used to justify investment in powerebeniswissenschaftas also at play in

the preclusion of social infrastructuré.

Among theErfahrungwissenschatftlet the World Bank were Paul Rosenst&adan, for whom the

¢! LRGSNI I NSIFIQa ANRPGGK LINPGARSR | (Swidffects S T2 NJ
between sectors of the economy, and Albert Hirschman, who progedrunbalanced growth. Both

were economists who served at the World B&hRosensteirRodan arguedor a balanced growth
approach(1943, pp. 20§206) illustrating with a by example ofa shoe factory employing 20,000

formerly agrarian workers in a mowa-less closed and sedufficient domestic economy would be

useless. The employees would require more than the shoes they were able to buy with their wages

If, instead, or million unemployed workers were taken from the land and put, not into one
industry, but into a whole series of industries which produce the bulk of the goods on which
the workers would spend their wages, what was not true in the case of one shoe factoly
become true in the case of a whole system of industries: it would create its own additional
market [...] The industries producing the bulk of the wage goods can therefore be said to be
complementary.

By contrast, Hirschmaargued that developing countries had an insufficient endowment of resources
to enable them to invest simultaneously in all sectors to achieve balanced growth aneffake
(Hirschman, 1959; Ncube, Lufumpa and Kararach, 2017, Ac8prding to his unbalanced theory of
growth, therefore, governments had to invest strategjfly in infrastructure to raise the productivity

of selected industries, not to the broad extent that Rosensi®gdan had imagined, to multiply new

24 Erlebeniswissenschaft knowledge acquired from lived experience, as opposdetahrungwissenschatthich is based

more on observation§Fukuyama, 2018)

2paul RosensteiRdR I yZ | ! yAGBSNEAGE /2ff838 [2yR2y S02y2YAaiz o6SO0F Y
Director. Albert Hirschman also consulted for the IBRD.
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investment opportunities(Hirschman, 1959; Ncube, Lufumpa and Kararach, 200@ilability of

reliable power and transportation facilities were therefore prerequisites for economic development
(Hirschman, 1959; Ncube, Lufumpa and Kararach, 200 argument for focus on selected

industries seems t& I @S LINBE G At SR Ay (GKS ! { 5SLI NLIYSyd 27
(Park, 1968, p.vii2l YO A Qa ONAIK({G LINRPaLISOGA FT2NJ O2yGAydzZay3
0KS O2dzy iNEQ&a aUGNBy3a FAYLFIYOAlIt olasSz O2yaradiry3
NB & 2 dzZNDSa eQ

¢2 LINBASNBS (XK &editLrativg5tiieiBani Ndtablish8d a separate International
Development Association (IDA) in 1960 in response to the threat that frustrated governments of low
income countries would move their membership to a rival multilateral bank that would fundl socia
infrastructure projects, and which would be housed by the UN, where each nation had one vote,

dzy RSNDdziiAy3a GKS '{!1 Qa AyFfdsSyOSd ¢KS TFdzyRAy3a 2
opportunity to test the hypothesis that scalled social infistructure projects did not yield the same
productivity returns as sealled economic infrastructure, but even as late as 1967, Hirschman argued
against expost evaluationdo rank infrastructure projects, citing the impossibility of using a single

scale b amalgamate all the varied dimensionsnd so it was that the IBRD continued to favour
economic infrastructure projects without validating its assumptions.

This also meant that the IBRD could continue providing loans to sectors with which it was

comfortable: hydropower helped it achieve a tripfecredit rating and allowed it to sell bonds on

the private marke{Sharma, 2017, p. 15)he Bank's credit rating affected its ability to raise funds.

Its Wal Street leadership & project lending won it Aéukdit rating by the midl950s(Sharma,

2017, p. 15)whichreinforced for management that its conservative apach of sticking to lending

GKIG AlG 1ySe 61 a 62Nl AYyIP WEeKS FANRG f2Fya ANy
FI OO GKSeé 6SNB O02YLX SiSte NBLIARIQ y23G8a !t OSGA
inappropriate for the Bankotventure into higherisk loans in an environment where it was difficult

to raise funds, there was no reason to change politye Bank took pride in reorganising power

companies to which it loaned so that they ran on sound financial (Meson and Asher, 1973, p.

716). The financial success of the first loans validated its position against alternative rabdels

GAYLI OGé¢ YR aaz20Alft f21yaé¢ | yARacelichy2008Jp.d8e) SR (2 L
the bank had not as of 1971 suffered a financial (dM&son and Asher, 1973, p. 258)

Table4 ThelBRDx historic credit rating

Year Bank credit rating

1947 AA¢ Fitch
A S&P
1950 Acaz22ReéQa
AA¢ Fitch
Alc S&P
waz22y FFGUGSN mop AAca 22 Ré Qa
WEAY OSmbhEBaWAR AAAca2 2 RE Q&> CAGOK

SourceMason and Asher, 1973, p. 132

The Bankvas thus able to continue usiran appraisal methodology developed in the Mi@50s that

assessed the need for power using market rather than shadow economic demand, in using market
prices, and weighing the case for power in financial rather than economic t@fiason and Asher,
1973, p. 7168)¢ KA & (GKSy SELX FAya sKeé GKS . lyl1Qa Ay@aSad)
LINE280O0G Ay MdpTo a483448R GKS St JIORDNRIIDAIB7IHS Y v R
1) rather than by Zambiangét also explains why industrial, mining or mineral processing demand and

y2i NBaARSYUGALFft RSYFYR gl a (KS .Fy(1Qa LINAYEFNE i
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(IBRD, 1950c, 1953afolombia(IBRD, 1950a, 1950b, 1951a; World Bank, 20Hfiopia(IBRD,

1961c; World Bank, 2020ishana(IBRD, 1961a, p. ,2KenyaIBRD and IDA, 1971, p.&)d Turkey

(IBRD, 1952b; World Bank, 2020myvestment in hydropower in Zambia was representative of the
22NIR . ly1Qa AyadAddziazylt oAl a (WhetetRaweieKAa (8
resaurces for hydropower, the World Bank werlt. even went where it could not legally meet

demand: the then chairman of the British construction company selected to build the Kariba Dam
recalls that the Ban (i ¢ A & (1 S R Q golreiinBieniz & Y b NIY yf dcBeptYhe KaBba north bank

power station to assist the Bank in circumventing investment sanctions on Southern Rhodesia
(Morrell, 1987, pp. 1521538 NB FSNNBR (2 Ay ( Kfpraisaldgcunieats 886 KES A S NJ
/ 2t ZIFRDQL952a)

Having understood the theoreticaind empirical linkages between energy and industrialisation and

GKS . FylQa sighicAnOsupp@tKok tficRexphrisidn of power generation in Zambia, we
willnowl 3a83da K2¢ LR2oSN ISYySNIGA2yQa GFNBSibow 6 SySTA
effectivelyinvestment into energy provision for them translatedo the sort of welfare outcomes

that World Bank executives Robert Garner and Burke Knapp suggested that they would.

24! ONARST KAAG2NER 2F uidl20dB Al Q&4 AYRAAGNAIf A&l GAZY

Thischapter has highlighted literature that shows that industrialisatiais so far been a reliable path

for economic developmentand revealedhe underlying assumptions of World Bank executives that

the tax revenues earned from industry should pay for welfamenities.This section now reviews

K2g adz00Saa¥fdZfte Ayg@dSadySyda Ayidz2 %l YoAalm@a Lk2sS
what that has meant for thevelfare of Zambians in general. It also looks at other factors that have
impacted Zambia'®mdustrialisationnamely structural adjustment advocated for by the Bank and IMF

which saw deindustrialisation from 192D02

Theory discussed at the beginning of this chapter would predict tivaisiment into energy provision

in Zambiafor the purpo® of industrialisatiorshould haveresulted in structural shifts in terms of

sectoral employmentrom low-productivity agriculture tohigherproductivitymanufacturing and an

increase in the proportion of GDP generated by manufactufimgse shifts shodlhave made the

G2N] F2NOS Y2NB LINPRAzOGADSIT YR ¢A0K awdthyfaehl Ol dzNRK
the multiplier effect enabled by a more prosperous workfqrsbould generate furthedemand for

goods and servicesAs these sectors grow and ive, tax revenues for welfare services should

increase. Measures of success that improvements in welfare are being distributed equitably would

then be an increase iaverage expected life expectanaycrease iraccess to electricity, aridcrease

iNGDP prcapitawSYSYoSNAyYy3a GKIFIG GKS 22NIR .Fyl1Qa airAayarT.
in Zambia were approved in 1956 and 19 (Table2), as well in 1964 for a smaller investmené

canl 34S434a GWKSOGKSNI % YOAF QA LIR6SNI ISYSNIGA2Y | OK;
outcomes, before looking at other dynamics that af@® %I YO Al Q&4 AYRAzZAGNAIF € A&l

An overview

[221AYy3 FANRG |G GKS 22 NI R statidtics to assesRthedrefafoNghip wS 3 d
between energy consumptio and manufacturing valuadded and the relationship between
manufacturing valueaddedand GDRve find that theenergy consumption and manufacturing value
addedare 94% correlatedver the period 1972018 and that manufacturing valtedded and GDP
are 98% correlated over the same pericOver the observed period1% increase in energy
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consumption was associated with a 1.74% increase in manufacturing vedided a statistically

significant result with an 80%$Rjuared?®
Table5 Regressing the log of manufacturing vakedded on the log of totaglectricity consumpdin in the economy

Ld

1)

VARIABLES log_manuf
log_energy 1.741%**

" (0.126)
Constant 6.782%**

" (1.115)
Observations ~ 48

R-squared g 0.806

Standard errors in parentheses

*** n<0.01, ** p<0.05, * p<0.1
Analysis: Own

Lookingsecond at structural changes in the economthe broad trends do not neatly follow
LINBRAOGAZ2YAY YIydzZFlI OGdzNRAy3IQa O2yGNRodziAzy (2 D5t
the proportion of the population employed in agriculture barely changgidnufacturing value

I RRSRQa O2ytNRaBiIAFgONBRaB5adzoadlyadAlrtte Ay GKS L
into power: from a base of 4% in 1960 to 10% in 1970 to 17% in 1980 and up to 32% (kVbele

Bank, 2020u)lt fell dramatically to 9% in 199¥Vorld Bank, 2020upllowing structural adjustment,

and has hovered at approximately that level sirf@a.the other hand, investment in power generation

did not apparently have the predicted effect on employment in adica. T pi’z 2 F %I YO A |
population was assessed as being dependent on subsistence agriculture ifPA868L968, p. 6The

sector accounted for 11% of GIPark, 1968, p. 6)The next datapoint available for employment in

agriculture is 72% in 199World Bank, 2020u)n the time between, the World Bank invested USD

1.13B (able2) in the early 1970s itk YO Al Qa LI2GSNJ ISYSNI GA2yd ¢KS Ay
minimal impact on the structure of employment in Zambia. The decade since 2008, employment in
agriculture fell by a quarter to 54% by 20T&le2). This cannot be ascribed to investment in power
generation forty years earlieLikewise, investment in power generation did not have the predicted

effect on agricultural contribution to GDP which hovered betweerl@®% from 196€1988 (World

Bank, 2020u)lt spiked to 21% in 1992 and 31% in 1992orld Bank, 2020ufpllowing structural

adjustment (more on this later) before falling steady to 3% in 20¥8rld Bank, 2020u)

The conflicting results for manufacturing and agricultseggesti K+ G & %I YO A Q& LI} Lk
SYLX 28YSyid 2LIRNIdzyAGASa Ay %I YOoAlFQa aviiet YI ydz
would have improved for urban dwellers able to avail opportunities, but not for the rest afuttad

populationor the urban poor Thisis borne out by the election of Michael Sata as president in 2011

K2 SYRSR (62 RSOIFIRS&a 2F GKS AyOdzYoSyid az2@SYSyi
overseen rapid growth in the 2000s. Not only did he overcome the incumbent, but also eight other
oppcd A GA2Y LI NOGASE o6& G LIAYy3I Ayidz2 (KS(Reghdkhand LJ2 2 NI
Thurlow, 20%). It is also borne out in several sets of metrics measuring welfaleY 0 A | Q& DLbL A
of inequalityhasbeenvery highg 0.61 in 1991 during structural adjustmefworld Bank, 2020wnd

26 The World Bank offers manufacturing valagded expressed in constant local currefidforld Bank, 2020u)t also offers
energy consumption per capita and total population statistics which enaldde aompute results up to 2013. For 2014
2018, we used total energy consumption statistics offered by the Energy Regulation Board as ouflat@d itiTo calculate
the effect of 1% changes in the explanatory variable on the dependent variable, | #ag leEgressions.
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possibly 0.66 in 200@resnick and Thurlow, 2014nflation-adjustedfell to two-thirds of its value by

0KS SYR 2F %I YoAlI Qa FANRG LINBAARSnyld6doier 20)eard A RSy O8
before rising to its present day level which is just 8% abovieadependence day level, compared to

real GDP growth of 450% since independefwerld Bank, 2020 Despite being categorised as a

middle income country by the World Bank, 45% of the population lived on up to USD (2011 PPP) 3.20

per day in 2017World Bank, 2020® %I Yo Al Q& 3ANAR St SOGNAROAGE | OOS
with rural grid electricity accesat just 6%, in contrast to 66% for urban ac¢géSTA and CSO, 3)1

27% of households had no type of electricity at(ZICTA athCSO, 2018)ust 18% of households had

internet acces$ZICTA athCSO, 2018)

A chronological view

%l YOAlFI Q& YI ydzZFl OGdzNAy3d aSOG2N ANBG ljdzaO1teé TFTNRY
independence in 1964 until 1973 following a policy of import substitution and high copper prices
(Gondwe and Pamu, 2014, p. 1R)a ¢Sttt & F2tt26Ay3d Ay@SadySyida
Growth slowed over the next few decades as it was constrained by lack of infusion of new technology,

the high cost of borrowing and foreign competitig@ondwe and Pamu, 2014, p. 1Zhe dip irthe

a S Ol 2 Nanded i@ thé 1@89s followed structural adjustment.

Figure5%F YO AL Q& Y I y dzF I Qdsapdrallydoedd growie® | RR SR
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Data sourceWorld Bank, 2020graph: own

Postindependence Zambia was characterisel bt NEBAARSY (G YSY/SRK WKHazZY A R
RS @St 2 (BWnBerai 8., 2018, p. 34)Agriculture and statesubsidised manufacturing were

27 This is not the perfect proxy for the income of the average member of society because on the one hand, it is skewed
towards greaterincome by being calculated on a mean average rather than median average basis and thus overstates
average income. On the other hand, inflation adjusted prices which form the basis of GDP calculations fail to account for the
reducing price of technology ovéime as technologies become cheaper. Tracked over time, however, it still gives an idea of
inequality when compared against GDP growth

28 Industry corresponds tmternational sector industrial classificatiols(Q divisions 1045 whereas manufacturing ia

subsect, divisions ISIC-33 (World Bank, 2020c)SICs 443 are construction, ISICS-38 are water supply, sewerage,

waste management and remediation, p.43. However, the UN and this study counts I8KCaslhanufacturing also: ISIC

10 is manufacture of good products, 11 is of beverages, 12 of tobacco products 13 of textiles, 14 of wearindNparel

2008, pp. 8€101)p87-101. ISICs Han O2y aliAGdzi S %I YoAl Qa | NBSadwerel ydzF I OG dzNR v :
important subsectors until 1991.

The political economy of the energy mix of hydropower dependent developing natarase study of Zambia 37



NBalLl2yaArofsS F2N Y ZOulowaidd Walbsty 2007| pR. 2222 NiRagufiaéturing
gowi K Kl & | prz O2NNBf | A2 y(Worldl Baikk, 20208 INR g K 2 F %l

However,on the back of ising debtsandrising food prices which causddod riotsin the wake of
droughts,suchthat President Michael Satater remarked in 2013 thatt Y I dzy Rl Qa 32 @SNY Y S
2OSNIKNRgY 0SOlFdzaS 2F F22RK NAzR elactiohsfi@re iuniI®YLQG 4 |
(Reuters, 2013; Fundet al,, 2018) ushering in a change of regime and political econguhilosophy.

Moving away from donor dependency and the old regiiie S Y LIK | &ldd @levelopmedting G S

new government ofMovement for Multiparty Democracy governmeradopted the Washington
Consensuadvocated by the Bretton Woods organisations (the International Monetary Fund and the

World Bank)which was

predicated2 Yy (G KS o0StAST (KIFIG o0& StAYAYlFLGAYy3 aRAAG?Z
faster by constructing an economy based on principles of free and unfettered markets. In

reality, these structural adjustment policies foisted on developing countries haitelly

discouraged industrial developme(gtiglitz, 2017, p. 12)

Per the Washington Consensus, th®vement for Multiparty Demoacy government followed a
programme of structural adjustment, which it largely achieved by 1998. This ingluidedisation of
state owned enterprises antade liberalisation by reducing trade protection, which left Zambia one
of the most open economida Africa(Thurlow and Waobst, 2007)

As the data across metrics above suggest, strucagtplstment in 1991 weaked havoc across the
economy.Import tariffs fell by twethirds on imported textiles, leadinp increased cheap imports

FNRY ! &AL S | 3FLAyad 6KAOK %I YAl (ResniclSdnd Phérlwg & dzo &
2014) Compounding the problem was the import of secdrahd clothes donated to foreign charities

and sold at low pricegResnick and Thurlow, 20148mployment in textiles fell from 250,000 in the

1980s to less than 2,500 in 2QG&hd its contribution fell from 1.8% of GDP in 1991 to less than 0.3%

in 2010(Resnick and Thurlow, 201MJanufacturing valud RRSR QA LINP L2 NI AZ2Y It O2y
fell to a third of what it had been/alueadded per worker fell by 20% from 192002, almost entirely

due to negative structural changas nanufacturing job losse®sulted in people seekirgurvival in

low-skilled subsistence farming and in informal trading, resulting in a reduction of natiabalur

productivity (Wobst and Thurlow, 2005; McMillan and Rodrik, 2011; Resnick and Thurlow, 2014;
Mulanda and Punt, 20200A ¥ S SELISOGl yOe FStt (2 Alathdughth8aid &aAry
causdity in increased inequality and mortality confounded by an increase in the prevalence of HIV

at the same timgWorld Bank, 2020y s well as droughBeilfuss, 2012%

A couple of authors have blamed Dutch disease for the decline of textilesvithoutcomprehensive
analysisResnick and Thurlow stateat O2 Y LJ2 dzy RAy 3 GKS GSEGAf S&a adzoaSo
LINAOS&X YI1AYy3a %l YoAlFIQa NBFf SEOKIFYy3IS NI GS [ LILINI

29 According to the World Bank, GDRaculated without making deductions for depreciation of fabricadedets or for

depletion and degradation of natural resourcasd is calculated abe sum of gross value added by all resident producers

in the economy plus any product taxes and minus any subsidies not included in the value of the pj\wauitsBank,

2020u)¢ KS / SYGNI € {GFGA&AGAOLE hFTFFAOS 02 YLNhkl®mg thelinfomnall Qa D5t ad
sector, which it caveats may exaggerate the total GDP figure relative to other coydéeresn, 2013, p. 48

30 Life expectancy in 1960 was 45, increased to 49 by 1970 and then more or less plateaued at 51 from 197ANorl®82
Bank, 2020u)pefore steadily declining. It reached a nadir of 43 between 1993 to 1983tld Bank, 2020ufollowing
structural adjustment, but the timing may just have been a coincidence: life expectancy began its decline nine years earlier.
The World Bank started recording the incidence of HIV for Zambia in 1990itwvas 2.4%, peaking in 1992 at 2.6% before
declining. The coefficient of correlation between HIV incidence and life expectancy between 1990 and 2B@/yaeith

life expectancy reaching 62 years in 2Q®&rld Bank, 20201)
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domestic production(Resnick and Thurlow, 2014, p. Bhis adverse impact on other sectors arising

from the export of mtural resources is known as Dutch diseas#ere according to World Bank

statistics, mineral rents in 1970 accounted for 35% of GDP, in 2017, they accounted fo{\1/21386

Bank, 20198 b S@OSNIKSt Saax %%l YoAl Qa SELJppdithedost dzS & G A
commonlymined mineral in Zambia (séegure6 below);copper and copper products accounted for

TH: 2T %I Y §Wotd®Bank, 302 NIi &

Figure61 A2 G 2NR O O2LIJISNI LINAOS&x D5t FyR SELERNI 3INRBsgGIKSD / 2 LILISNI
growth, inspite of the percentage of nemining companies that export decreasing.
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Sources of data for graphé/orld Bank, 2017; Investment Mine, 2018

Cardozoet al. also suggesthat with higher copper revenues resulting in the appreciation of the

Kwacha, textile imports from Chifeecamemore competitive(Cardozcet al., 2014, p. 7yesulting in

GKS aKNAY(1l3IS 2F %I YoAl QfCaric®detinly 2084, pr tayTHetela@ (i dzNA y 3
weaknesses with how both sets of authors present the argument. With Resnick and Thurlow, they
mention it as a confounding factor, but it may as well be a coincidental father evidence Cardazo

et al present is the fact thahe textiles sector shrank. Howevér,f f 2F B YOoAl Qa 20 KSN
subsectorggrew over the same time perioardozeet al,, 2014, p. 1Q)Looking to the data, when

one dividesWorld Bankhistoricdata for GDP per capita in current local currency by GidRapita in

current United States dollai@Vorld Bank, 2020upne gets average rates of exchange between the

Zambian Kwacha and US doll&ione uses 2000 or 2001 as the base year for looking at whether the
Kwacha appreciated or depreciated oveeth000s, in no year did it apprecidieyond the base year

In 2006 it returred to the exchangerate at which it was in 2001. In that year, the Kwacha did
appreciate by 19%, but then depreciated by 11% the following year and by 35% irVROD@ may

well have been the cause otirrency fluctuations in 200@ut the link is not definitivefFigure6 above

aK2ga GKFEG 3t20Ff O2LIISNI LINAOS&E NR&S SELRYSYGAL
continued to grow beyond then, but the annual average Kwatddlkar exchange rate remained within

a band of 3.6 to 4 Kwacha per dollar.

If 2006 wasndeed the year in which Dutch disease harmed textiles, 2006 seems to be an aberration.
Gondwe and Pamargue that thanks to generous incentives and subsidies to the mining sector in
Zambia, mining companies have little incentive to convert foreign exgdh@arnings into Kwacha to
settle domestic obligations and that as a result, insufficient mineral rent gets absorbed into the
domestic economyGondwe and Pamu, 2014he depreciating trend of the Kwacha relative to the
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dollar suggests that Gondwe and Pamu are at least generally cdmecicase obutch disease, the

Kwacha would appreciate. Instead, the Kwacha had half the US dollar value in 2018 that it had in 2012
(World Bank, 20203 Moreover, while metal and ores have accounted for betweer8 of the

O2dzy i NE Q& SELRNIA&A &AYyOS wnnpsI Yl ydzZF (VbiddRddky 3 SELJ
2020u) Positive spibver effects would be greater if this was the other way round since
manufactNA y 3 KFa 3ANBIFGSNI F2NBFENR YR o0FO1g6FNR Ayl
mining doeswhich also has limited potential for direct employment and historically has not generated

much tax revenuéResnick and Thurlow, 2014, p. 8)

But for textiles, he 2000s saw generalNS 6 2 dzy R A Y %I Y 0 A wiich BnSrax2tya2 YA O 3
(2017)attribute in large part to agbound in copper productiorBayliss and Pollg2019)attribute to

a boom in commodity prices, as well as favourable weather that supported agricultural production,

and swstained macroeconomic stabilitg and Barton attributes to igater institutional transparency

in government and credible government commitment to investéBarton, 2016) Resnick and

Thurlow characterise the 2000s as a period of rapid economic recovery, marking a returrctisjsre

levels and middliéncome status(2014) Valueadded per worker increased by 3.6% per year from
2002-2010: dout half of this increase was due to positive structural change driven by faster
employment growth in services and a relative decline in farm egmpent (Resnick and Thurlow,

2014, p. 4)

During the 2000sthe largest contributors to growth were construction, transport, communication,

finance and business services which collectively accounted for 56% of the increase (IReSDiIEk

and Thurlow, 2014, p. 12But because these sectors were driven mainly by rising \added per

worker rather than an increase in the number obrkers¢ for example communications was capital

intensive, while financial services required highly skilled workénsy generated only 14% growth in
employment(Resnick and Thurlow, 2014, p. l@pm 20022010, manufacturing accounted for 4.5%

of increase in national GDP per capita and 1.3% of employment g(&esnick and Thurlow, 2014,

p. 9)with food processing accounting for 70% of the maufadzNA y3 & SO0 2 NRA& O2y i NR
from 50% in 1991(Resnick and Thurlgw2014, p. 9)Vertical integration with SouttAfrica based
adzLISNXYF NJ] S OKIFAYy KSfLISR %I Yo ALl Resrick ah#ll Bharlow, Y ST
2014, p. 9) Wheat millers benefitted from liberalisation and an appréo local currency because

imported wheat was cheaper and expanded their production of flour and bread for urban consumers
(Resnick and Thurlow, 2014oodprocessing was less labour intensive than the declining textiles
subsector and contributed less to national job creation than it did to economic gr{fRehnick and

Thurlow, 2014)Overall, the sector continued to grow. O002H n Mp = %I YO Al Q& NBI f Y
valueadded grew at a compounded annual growtheraif 5.4%.

Zambia started seeingreater institutional transparencywith the presidencyf Levy Mwanawasa,
who waspopularly credited with fighting corruptiofBBC, 2008andwith his successdRupiah Banda

A¢KS 2yfté@ 20KSNI NBt SOyl LI LISNIAY GKS FANBG wn NBO2YYSYRSR
AY /[ Qa 2yfAyS f adNIMNINIEobshid HEbaMaller| 2g18) Thesddpat makes the case that

patterns of Genuine Savingghe reinvestment of rents from the depletion of natural capital rents into physical or human

capitalg can be used to indicate whether a country is experiendirfgS a NB & 2 dzNDS O deBiddssad Halm 5 dzi OK R
Muller, 2016) However Boos and Holvuller overlook an alternative reason to that of the resource curse for why

Genune Savings do not materialigghe one pointed out by Gondwe and Pamu that substantial rents were not collected

by the economy in the first place. Their analysis that the lack of Genuine Savings is indicative of a resource curse cannot
therefore be sustaed.

32 \Wamulume Kalabo, Chairman of the Zambia Chamber of Commerce and Industry (ZACCI) from 2004 to 2007 attributes
growth in the 2000s to better governance (Kalabo, personal communication 4 June, 20¥8)rsee3.3.Xor interview

notes).
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Figure7a K2g4& GKIFG %%l YoAlIQa O2NNHzLIiA2Z2Yy wasREvhend O2 NB

Mwanawasa entered office in 2002 but improved to a score of 30 in 2009 months after he had left in

September 2008nd continued improving until 2013Barton has also characterised President

aglylI sNBFOENA |4 NBAYT2 NONBRADKS WI2WorA iy Sy/iQi $i@a

inclusive institutional environmens KA OK KSf LISR f 26SNJ Ay@Sai2NBQ L)

uncertainty (Barton, 2016, p. 1577 Net inflows of foreign direct investment picked up substantially

GAGK (GKS LI aaiy3a 2F GKS %%l YoAl 5S8S@St2LSyda ! 3Sy

multi-facility economic zone in 20dBarton, 2016, pp. 157, 16(5ee

Figure8). Likelegislation passed in 199¢hich only elicited a minor spike in growth of foreign direct

investment(see

Figure8), the Zambia Development Agency Acbhibited expropriatiorof private property without

promptO2 YLISy al GA2y 2F (KS LR ta¥ed\levieQadnd dutickuNd algor NJ S ¢

offered tax incetivesfor new businesses, import duty waiversm@w materials and capital goods and

deferment of VAT on machinery and equipméBarton, 2016, pp. 158 63) Coupled with2lF YO A | Q&
t

first MFEZthe Actthat signalledi KS %I Yo Al y 32 GSNY Y SyBu20G8 foldwidgRA 6 f S
the announcementof 260 A Q& F2 dzNII K a C9 %X (i KrBoregh@dUBD 3 bjlliborii A | (G A &
of new investment pledge@arton, 2016, p. 164) y @Sa G 2Nk al ¢ 3F22ReAff 2y 0

that he would not change policy without consulting the private sector (Kalabo, personal

communication 4 June, 2018).Consequently, manufacturing firms such as Trade Kings grew

substantially under his presidency, and so too did the demand for energy (Kalabo, personal
communication 4 June, 2018).

33 New institutional economist and Nobel prize winner Douglass North and political scientist Barry Weingast pioneered this

concept in assessing the five significant institutional changes that followed the triumph of the English parliament over the
monarchy m the Glorious Revolution of 1688/&§2offman, Leonard and Neal, 201#)e institutional changes resulted in

GKS WONBRAGES O2YYAGlYSYyidQ dGKIFG GKS 3I2@SNYYSyd g2dd R y2i RS
GKS Y2yl NDKeQa dzy RSNI&Ay3d az2dNOSa 2F SELISRABeOE Gedibly ONBI & SR
threat of dethroning the sovereign and created a balance between parliament and the morliattly and Weingast, 1989;

Coffman and Neal, 2013 uilding upon this scholarship, modern commentators have added in the British case patdigmen

supremacy over public finance, transparency in public accounting, accountability via direct creditor action and robust
secondary markets, a stated commitment to maintaining the public faith, the use of the codawoprocedure to

adjudicate disputes étween taxpayers and the regime as well as the perception of stability and permanence of a given

regime(Coffman, 2013 . S&@2y R %I YO Al Q& a i NHzOG dzNI £ OK loyirAt®ent withkile »%5! 1| O
ONBI A2y 2F aC9%az yS¢ AyadaddaiaAzylt LRt{AGAOIT SO2y2Yraia
LI NI £ tSt 06S8S0G6SSy 9y3aflyR 6AGK I aGNBY3IGdKSYSR LI NIAFYSyld T2

4802y R RSOFRS 27F YdzZt GALI NI & RSapléndpredidency.2tt 2Ay3 YSYYySGK YI
34 Wamulume Kalabo, Chairman of the Zambia Chamber of Commerce and Industry (ZACCI) fror2@0D4&e Annex

3.3.2for interview notes
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Figure7 Transparency International Corruption Beptions Index score out of 1802 NJ LISNODSA SR O2 NNUzLIJG A 2 y
public sectof100 = clean, 0 kighlycorrupt)
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Figure8 There is a 94% correlation between Zanth Q& Sy SNH& O2y adzYLIiA 2y ;nefirflowslofy dzF | O dzN
foreign direct investment fell after the power outages of 2015
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Data sourcesWorld Bank, 202(Energy Regulation Board of Zambia, 2016, p. 0, 2017a, p. 9, 2018, p. 36, 2019, p. 39

In spite of the growth overseen in the 2000s by the Movement for Multiparty Democracy under
presidentsLevy Mwanawasand Rupiah Bandain 2011, 8% of Zambians voted into power a new
president from a new partydefeating the incumbents as well as eighlh@t opposition parties that
could have split the vote a lot more than they did. Michael Sata of the Patriotic Front came into power
by tapping into the disgruntlement of the urban pobighlighting their exclusion from the economic
recovery(Resnick and Thurlow, 2014otably in rural areas, most of which he lostihe focused

much less on articulating poi@s and instead relied on ethAmguistic appeals in certain provinces
(Resnick and Thurlow, 2014piven Z YO A | Qa4 NB adzNBSyYy G dzNBFyAal GA2y 3
concentrations of votes, and were his pathway to electoral victory. This neglect of rural voters even
by the party that stood for more inclusive development explains in large part why by 20&8gria
electricity access stood at just 6% in contrast to 66% in urban areas, an@7#&¥hyf households
nationwidehad no type of electricity at allZICTA and CSO, 2018)

More recently, neecolonial criticisms have also been levdllecently at Chinese investments into
Zambian multfacility economic zones (MFEZs). Ostensibly designed to industrialise the economy and
diversify away from mining,

| KAyl Qa Ay@2t @SYSydG Ay G(GKS T2ySa KlFa 02YS dz
Western commentators alike for allegedly having manipulated [Government of Zambia] policy
G2 ILAY SELX2AGFGASS + OO@artan, 0%, pior)S O2 dzy (i NE Q&

35 Sata won two rural castituencies(Resnick and Thurlow, 2014)
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Impressions that the MFEZs favour Chinese investors could be inferred from the fact that the first two
MFEZs are part of the Zambhina Economic & Trade Cooperation Zg¢deng, 2016)were

devdoped by a Chinese state owned enterprise, the China Nonferrous Metal Mining Group (CNMC)
(Zeng, 2016; McKinnest al, 2020) and that they are used for minif@eng, 2016; McKinnest al,,

2020) But for more recent investments intdé new Lusaka South MFEZ, where there are seven
manufacturing firmgLusaka South MulBacility Economic Zone, 2018) previous MFEZ investments

had been into the mining sector, according to the CEO of the Zambia Association of Manufactures
(personal communication, #8May, 2018, see\3.3.1 Interviewwith Chipego Zulu, CEO Gémbia
Association of Manufacturersn 28 May, 2018he previous MFEZs had been difficult for Zambian
manufacturing firms to enter, the Zambia Association of Manufactures CEO said, because of their high
capital costs. Another respondent, aagts manager at the University of Zambia, felt that Chinese

direct investment was crowding out access to capital for indigenous businesses and government
policies were not geared at nurturing Zambian businesses (personal communicatiodag92018,

seeA3.6.2 Meetingvith Natty Chilundiki, Research Coordinator, on29May, 2088 Ly &LJA (S 2 F
impression that MFEZs created more institutional inclusivity, a third respondent, a retresxdad at

the CentralBank of Zambia, observes that foreign direct investment has come only from China and
suspects that Chinese investment and construction contracts are secured with corruption (personal
communication, 28 May, 2018, seé3.6.1 Intervievwith ChibelushMaxwell Musongole, Lecturer,

retired Assistant Director at the Central Bank of Zanalnid retiredDirector General at th&@ambia

Public Procuremenfuthority on 28 May, 201&hinese construction projects costs, he asserts, are
inflated and committhe government to high debt levelsVhereas the respondents | interviewed
believed that Chinese stateterprises had developed a competitive edge over indigenous businesses

08 AJYy2NRYy3 3F22R J2GSNYIFyOSs . I N2y &ddz0aONRO6SaA
inserted itself into the neoliberal arrangements that the West opened up becausgghes, Chinese
Ay@SaiayYSyid FrOATtAGEGSA WiaterSpolioye afigh KslecoGoyhyiwitRthe Y%l Y 0 A
dominantneef A 6 SNJI f  Barted, F0142NFHS N

Whether one wants to characterise foreign direct investment in Zambia as neocolonial or neoliberal,

it should not be surprising that while Zambia did see economic growth as a oéslt investment

and the accompanying infrastructure to facilitate it, the economic growth was highly concentrated in

0KS KIFIyRa 2F (0KS F¥Sg 6K2 KI R A akdSaksiGBRcodfigightl NB f 2
by 2015 would be a highly unedu&7 (World Bank, 2020w While life expectancy improved
substantially after hitting a nadin the mid1990s following World Bank and INtiformed structural
adjustment(Barton, 2016; Stiglitz, 201Zpmbined with a drop in copper pric@dacroTrends, 2020)

the rise in life expectancy sincee midm dpcpna OF yy2G o6S RANBOGE & F GG NRA
investments 20years earlier. If anything, the investments takésgether with the structural
adjustmentadvocated byBretton Woods organisatioria the 1990perpetuated a colonial legacy of

Zambian economic dependence on copper and lack of resilience to fluctuation in raw material prices.

* % %

This chapter showed the salience of manufacturing in theory to economic development, the salience
of cheap energpupply to economic recovery and industrialisation in the context of the Tennessee

¥ dzr NI . FNI2y OKINI}OGSNRAaASa (KS LINBaARSyOe 2F % YoAlQa TA
highly exclusionary both politically and economicéBarton, 2016, pp. 630). Real GDP per capita fell by 33% while real

GDP had grown by 59% and life expectancy remained staghd8tyears of agéWorld Bank, 2020u)The UNDP notes that

iKS FTf2g¢ Ayild2 dnmke8ppsi iévenué Das nad eehI&yidiffdrevd under either state or private ownership
(Simpaseet al, 2013, p. 18) Weak revenue generation under state ownership is attributed to poor performance of the
sector(Simpasaet al, 2013, p. 18)Weak revenue generation under private ownership is attributed to cotdrskewed in

favour of the concessionaires, as well as illicit financial flows and transfer pricing scf&mpasaet al.,, 2013, p. 18)
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Valley Authority the export of the Tennessee Valley Authority template by the World Bank te low
income countries with very different employment structures and the underlgoigics and economic
rationale for doing so; and how the links between energy supply, industrialisation and economic
development played out in the Zambian context, where structural adjustment resulted in
deindustrialisation, deurbanisation and increase@quality in the 1990sbefore a resurgence in
industrialisation but continued inequality and voter discontent.

lfyzad KFIEF F OSyGdz2NE FFUGSNI GKS 22NIR . Fy1Qa Ayl
had access to grid electrici(ZICTA and CSO, 20B)causetie World Bank invested in hydropower

in Zamba when the initial conditiondid not matchthose whenthe Tennessee Valley Authority was
established, the results were also different. The Tennessee Valley Authority was built in the 1930s for

those whom had been excluded. It democratised electricity @ledtrical appliances, stimulated the

economy in a balanced manner from the bottarp and contributed to a more equal society. By the
mdmoppnar K2gSOHSNE (GKS 22NIR .lyl1Qa F20dza 2y Al
methodology that assessed timeed for power using markets rather than shadow economic demand,

in using market prices, and weighing the case for power in financial rather than economic terms
(Mason and Asher, 1973, p. 786) 2 KSy GKS 22NIR .lFy1l OIFYS (2 TFAY]
energy generation capacity, it came to serve those already included. Unbalanced growth would be an
understatemant of what it promoted. It promoted an extremely stilted and highly unequal growth.

w2aili26Qa 26y aAYLES KSdNAR&aGAO&a LINBRAOGSR || RATFT
LISy dzt GAYFGS adGF3S 2F FTAGBS @heleddZRmbiadnTlo6® ®as atzhé Qa S O
first traditional stage because close to thrEmurths of its population worked in subsistence
agriculture. But the differences in outcome also shows which argument out of balanced versus
unbalanced growth ended up being more @ut. Whereas the Tennessee Valley Authority fueled
construction projects executed by domestic firms, fed into agriculture and tied up with other New

Deal programmes that also promoted rural electrification to deliver balanced growth, foreign firms
construél SR %I Yo Al Q& R wiodeRiliddny BeNdfidhiy Was Extractive expfmtcing

industries with few linkages to the domestic econotfyBroader electrification programmef®r

residential consumptiorwere evidently not promoted so that even until toglawo-thirds of the

nationis without grid acces®ower supply for industrialisation, on the other hand, does seem to have

been successful: industrialisation grew rapidly following investment into power and expansion of

Y%l YOAl Q& YA Y AndBtriabsdatiohdvavardvas uridéng By thel y1 YR LaCQa ai
adjustmentpolicies implemented by the Movement for Multiparty Democracytisat even today,

upwards of70% of the natioRa SELR NI a N8B YSGlLfta FyR 2NBad ! yo
RSEAGSNI LY S@OSylddzkt o0lflyOAyId | @GAYy3a AYUGSNNR3AF G
template for hydropower and its investments in Zambia and the theory that guided distributional
differences between the two, we now understood how ineqb A 1& g1 & oF {1 SR Ayid2 v
infrastructure. Whereas balanced growth led to a deluge of benefits to Americans in the 1930s, a
policy of unbalanced growth with hydropowkavenot resuliedin a trickle down of material benefit

to most Zambians

Had the Washington Consensus never taken effect, manufacturing may have continued its upward

GNF 2SOG2NE YR %l YoAllQa SO2y2YAO IWaninproved &8 KI @8
environment of governanceree the 2000s, manufacturing has beesurging and providing better

SYLX 28YSyid FyR D5t NBGdNya LISN {2K 2F SySNHe O

37 For example Yugoslav firm Energoproject const\r\ucted the first stage of Kafue hydropowPaldl968, p. 16)

BEKS LINB2F A& Ay (KS SELRNI @2t dporncht déek af ledstiinteativide$ringt6  + y R 2 1
process ores into blister copper (99.5% copper content) before exporting with high export tariffs qif engso, 2018, p.

42).
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energy mining However, as we saw in the previous chapter, energy supply to manufacturing reduced
in 2015 and 2016, and with it, growth in manufacturing vedgeled. Not only did ZESCO provide
manufacturingfirms schedules for loaghedding, but firms also experiencedannounced power
outages. The next chapter will review the literature on the impact of power outages on manufacturing
as well as analyse data related to Zambia to discern clues on how the power outages of 2015 and 2016
may have affected manufacturing thegsulted in the reduced growth that we have observed.
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3. Thelmpact of power outages in the literature

Microeconomic analysis of the impact of power outages do not suffer from the oversimplifying
assumptions that macroeconomic analyses do, but microeconomic analyses relying-lendirm

surveys are constrained by the accuracy of answers given by respaiitisgarch has found that

power outages adversely impact productivity, but that the impact on manufacturing subsectors is

not equal, and that neither is the downstream impact of an affected seR&search has found

that firms would be willing to shifthieir work timings if lower offeak tariffs were offered, thus

abating peakdemand. Fewer lonrduration interruptions are less damaging than several very

short outages. Firms have multiple coping mechanisms, of which using backup diesel generation is
one. Characteristics that predict whether firms use backup diesel generation are firm size, age,
export orientation and sector. With fewer outages, firms were less equippedpond to them,

and so the bigger the individual cost when they did occur. Zampeierced power outages prior

G2 wnmpZ odzi y2d G2 GKS al YS SEdSWahufactiring)RSY y R
growth slowedLafarge in Zambia attributed its reduced revenues and profits from 2014 to 2016

to outages. Backup diesel generatiorOs2 dzy 4§ SR F2NJ | 6 2dzi wmmsome& ¥ %I Yo
months of 2019.

¢KS LINBSQOA2dza OKFLIGSNI aK2ga K2g %k YoAlI Qa aeadsSy 2
and manufacturing tiickd G F NI G KS Y2G2NJ 2F %I YAl Qa SO02y2Yeéd
on the impact of power outages on manufacturing, and on Zambian sectors of the economy and
manufacturing in particular. It also uses reports and statistics to supplement thexstadding and

identifies gaps in the literature that primary data collection can plug.

Studies assessing the value of unsupplied electricity can come both on the basis of aggregate macro
data as well as on the basis of individual people or firms, formmingo analysig¢Bental and Ravid,
1982)

Macro vs micro analysien the impact of power outages across sectors

Macro analysis looks at the lomgn effects outages have on lomgn growth through the lens of the
neoclassical Solow growth modébolow, 1956; Andersen and Dalgaard120 To illustrate how
macro analysis failed, Bental and Ra\ti@82)pointed toa Chilean study (Jaramillo and Skoknic, 1973),
where the authors inferred that industries which were least electrizitgnse would have the largest

loss per unit of reduced supply. Another pitfall with macro studies according to Bental and Ravid is
that they estimate the average cost of unsupplied electricity, whereas the relevtintate would be
marginal cost. fiey also often fail to take into substitution away from electricity intensive activities
(Bental and Ravid, 1982)

Andersen and Dalgaard returned to a macro analysis approach in P88y outages as a binary
variable in a logarithmic regression model, Andersen and Dalgaard estimated that a 1% indiease in
average frequency ajutagesin a manth reduceslongrun GDP by almost 3% for a sample of 39-sub
Saharan countries, including réhia (Andersen and Dalgad, 2013) If all African countries had
SELISNASYOSR {2dzik ! FNAOIF Q& LIRSSNI ljdzt ft Alies GKSe
been increased by 2 percentageints. The problems with this macro analysis are sevRedognising

that GDP is likely to be plagued by m@mdom measurement error in Africa, they produced

GF R2dza it SR¢ NBIf D5t lodkifig\al tilgrodtin nighliy@sdisingtellikldaiaS & o &
But nongrowth of luminance is not necessarigpresentative of norgrowth of GDP: it may be that
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unequal growth results in those who already had nightlights are getting richer, but have no more lights
to shine, while those without nightlights previously are not and still do not have nightlights.

Theweakness with micro studies is often that they rely on questionnaires prone to inaccuracies as
respondents may have reason to overstate the damage done of power ou(Bgetal and Ravid,

1982)¢ Beenstock et g1997)observed a number of instances respemnds to surveys reported losses

GKIFIG GKS | dziK2NB O2yaARSNBR dzyNBlFazylofe tFNBSO
responses; the interviewees expressing their discontent with gbever utility. Another pitfall of

subjectively answeredurveys is that they could be prone lmss aversior? This may explain why a

number of studies such as Pasha, Ghaus and Malik A y (19B9)akhdaBeénsfock, Goldin and

I I A ( 2 2lardeR1997)cohcided that firms overstated their losses. Similarly, perceived losses do

not necessarily match actual losses if framed in a particular way, contrary to rational expectatio

In reviewing the literature on whethek Y RA @A Rdzl £ 4 Q gAf t Ay3aySaa G2 |06l
their between willingness to pafpr it, however, Plott ad Zeiler(2005)point out that there is not a

consensué® Theythemselves used procedures which resulted in no difference between willingness

to accept and willingness to pay, calling into questionapglicability ofprospect theory*! The key,

they wrote, is to avoid misconceptions in willingness to pay questiowspaiavice some sort of

incentive for truthful revelation of valuations. Willingness to pay an additional premium for reliable
electricity could still therefore be potentially useful for gauging the marginal cost ofigagower.

The loss caused by outagexonverted into a positive extra price that they would have to pay. Where
respondents are firms and not individuals, theK 2 dza S Y2y Sé S¥FFSOiG¢ akKz2dzZ R
respondents themselves would not be paying the higher tariffs. Additionallje wiilingness to pay

could be used to gauge the marginal cost of backup generation, to avoid the problem of subjectivity
associated with micro studies, observations can be used to ascertain the marginal cost of power
outages.

Steinbuks and FostdP010)took a micro analysis approach to inveatigg the impact of power
outages across 25 African countries, Zambia among them. Using World Bank enterprise survey data
from 20022006, the surveys drew on information collected across the manufacturing and services
sectors. One of their identification ethods used results of reported loss of sales due to power
outages. This is open to both the loss aversion and protest critiques, and is not resolved by seeking
how much more respondents would have been willing to pay for more reliable energy.

Onenotewoil K& FAYRAY3I 2F (KSANB A& GKSANI OFtOdzZ FGAzY
for firms using backup generators. Adding the variable cost of backup energy to the average capital

cost of backup energy, and weighting that by 100% of the tinygowfer outages in relation to nen

outage hours, which they ascertained from the World Bank enterprise survey data, they calculated

Bl YOAlI Qa ¢SAIKGSR @SN IS O2ad 2F St SOGNROAGE 0

39 Behavioural economist Richard Tha(&880)observed that peoplsuffer from loss aversion: the loss of utility from

giving up a valued good is greater than the gain in utility from acquiring the good.

Vet SNN&a f2aa | OSNAAZ2Y (GKS2NBX |faz2 1y2é6y & aSyR26YSyi ¢
minimum amount for which they would be willing to abandon electricity as greater than the maximum amount they would

be willing to pay for iPlott and Zeiler, 2005, pp. 58831) Thisruns contraryt® NIi K2 R2 E $02y2YA O WSELISOGS
which predicts that under conditions of sufficiently smooth preferences and the absence of wealth effects, the magnitudes

of willingness to buy and willingness to forgo the electricity should be the s@Riett and Zeiler, 2005, pp. 58831;

Baddeley, 2013, p. 15)

AeKFESNDAa f2aa | gSNAAZY (KS2NEB o0dzAf Ra dzZl2y Mikykhédybey | YR ¢ &
not explain realworld choices made by people which are inconsistent and intrangiaedeley, 2013, p. 139N prospect

theory, value is assigned to gains and losses rather thandabdutcomes, and probabilities are replaced by decision weights

(Kahneman and Tversky, 1979)
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energy (Steinbuks and Foste2010) Their method has one apparent weakness and rests on an
assumption that requires furthezxamination The weakness is that it is incorrect to divide the capital
cost of backup generation by the hours of use each year, since generators lasttluageryear. If
anything, they should have divided the capital cost by the expected lifespan of the generator in terms
of hours. The assumption that requiresther examinationis that firms with backup generators use
backup generators 100% of the timedato capacity during power outages, an assumption shared by
earlier literature such as that by Bental and R&\ti@i82) The problem with this is that this may not
even have been rational behaviour for the prafiaximising firm: the variable gross profit of
production may have become negative with the use of backup generation. Firmalsodyave lacked

the working capital necessary to run generators due to higher running,ocespecially fuel costdt

Yre Ftfaz2z y2id KI@gS 0SSy | LRtAOe F2{t26SR 0SSOI dza
behavioural biasesmiscalculated the cts involvedor misjudged the length of anticipated outages

ex ante

l ONRPaad ! FNAOFZT (GKS 22NR .lyl1Qa fI (0S4l -Saffidia NLINK & S
' FNAOFY UNXY& ARSYGAUSR St SOUNAROAGE redwthi26% YI 22N
identifying transportation as a major constraii@eventyfine percentof firms experienced electrical

outages, which on average experienced 9 outages in a typical month, and each outage lasted on
average 5.8 hours. Outages on average co$t&bannual sales (a subjective estimate subject to loss

aversion and protesting}-ifty-three percentof firms owned or shared generatodd/hengenerators

were used, the average proportion of energy generated was @88&6ld Bank, 2018a)

The impact of power outages on large manufacturing firms

The literature on the impact of power outages to the manufacturing sector in general issialies

have been carried out since at least 1948, in Swe@santal and Ravid, 1982) and there are a

ydzYo SN 2F &0GdzRASE GKIFIG K2yS Ay 2y GKS AYLI OG 2
particular. None of these studieon Zamia, however, study the impact of the severe outages of 2015

and 2016 on large manufacturing firms, including those published after 2015.

Reduced productivity

Using World Bank Enterprise Survey data collected from-2005 for 1,000 firms in 10 st®aharan
countries including Zambia, Arnold et(2008)found that firms in regions with more frequent power
outages are less producévthan others. While the regression result which pitted days with power
outages against total factor productivity that gave rise to this conclusion was only significant at the
10% level using ordinary least squares, and tisgjiRared for the ordinary leasiquares model was

only 30%, this result was significant at the 1% level using the-parametrically estimated firm
productivities per Olley and Pak¢®lley and Pakes, 199@)ith a 48% Rsquared for the model.
Moreover, the coefficient on the share of firms that own a generator to be sigmifiand positive at

the 5% level in both models.

{AYAET NI AY FAY (2 | NJ 2 {2810)&ad WolldBank éviestake&limated & ONXR 6 |
surveys of 26 African countries carried out 262206 to consider the impact of poor quality of power,

as measured by number and average duration of power outages and the use of a generator on total
factor productivity. They calculated the coiintion of the average duration of power outages to

average log total factor productivity as 9%, though the level of significance of this result was not shared

(their publication was a World Bank working paper and not a-peeewed journal).
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Pre2015/16.32 ¢ SNJ 2dzi 3S& Ay %I YOoAl | 002dzyiSR FT2NJ p dp2
firms. The loss was felt mostly greatly by medisized firms employing 299 people, which lost 6.9%

of value and felt least by large firms employing more than 10&pfee(accounting for only 4.7% of

sales). This was the case even though they reportedly faced 8.7 power outages in a typical month,
compared to the 5.4 outages per month by medisired businessg®Vorld Bank and International
FinanceCorporation, 2014, p. 14T he reasons for this were not given.

Also using World Bank data (enterprise survey data of 720 firms collected betweer2Q04pfor
Zambia, Sichone et €016)found that load shedding had a statistically significantiie 5% level)
and negative impact on manufacturing output in Lusaka. His model haesgndRe of over 97%.

Generally, the mechanism by which productivity reduces with power outages is that electronically
operated capital ceases to be operational with power. Worker productivity fallOutages result in
restart costs, in lost output and sales for industries dependent on electricity, in damaged equipment,
in destruction of raw materials, loss in quality of production, and in lost reputatiparticularly for

export oriented firms, such & NBRdzOSR NI y{Ay3a 2y SBedashdk, YI NJ S
Goldin and Haitovsky, 199%teinbuks and Foster, 201@ven when making up for lost load, firms
lose with higher wear and tear as they use their machinery more intensely and with higher staff costs
associated with ovetime shifts. There are thus welfare losg&®ssides, 1993nd economic growth
dampens(Eberhardet al, 2008; IMF, 2008, chap. I\Wowever, Allcott et a(2015) noted that
answering lbw electricity outages affect productivity in the manufacturing sector can be difficult to
answer first of all because the quality of data collection in countries in which outages occur is not high,
but also because of endogeneity: rapid economic growdblitmay be causing loss in productivity
because of the increase in electricity demand that leads to shortages, and poor institutions could lead
to insufficient power supply and reduce productivity.

Subsector impact and multiplier effects

Pasha, Ghauand Malik(1989)first considered the idea that the impact of power outages on an

industry could have a downstream effect. Using values calculated by dthiagyi and Ahmed, 1986)

for the coefficients of variables in a truncafédormula for aggregate demand, they calculated a static

multiplier of 1.34 for all industries. This implied that industrial outage costs could increase as much as

34% when one considered the downstream impact, regardless of manufacturing subsector. Given
AFFSNBY UG YIydzFlI OQldzZNAYy3 4dz0aSO02NARQ RAFFSNBYyG 2dz
measure for any given subsector.

Chen and Vell§1994)went further by disaggregating multipliers by manufacturing subsectors, to
assess the impact of power outages on a particular subsector on thefrédst economyChen and
Vella, 1994)seeTable6 below).Their researclprovided the calculations to be performed and stating
that a FORTRAN programme was written for cormauthe inputoutput framework in its application

for the Taiwanese economiyt was unclear how they ascertained the required data, how rich it was,
and what problems they faced with ithe value of the analysis for informing policy is limited by the
fact that it does not consider the volume of valadded by industries. It is useful to know that for
every Taiwanese dollar the steel and iron industry supplied its products, downstrearragalad was
NT$0.917, but it would also have been good to know what total value the steel and iron industry added
to the Taiwanese economy, not to mention the total employment it brought. At least Pasha et al
considered the variation in outage cost per kit hour by industry, and the knoakn effects for
tF1A&allryQa S Epagaddiisddstrids 2and thasy nzstededinerable to spoilage experience

42 Government expenditure and net exports were omitted
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greater losses, they found. To minimise loss, therefore, peeeders should prioritise these
industries(Pasha, Ghaus and Malik, 1988hen and Vella, on the other hand, saw their methodology
as a possibly useful one for figuring out the electricity custanto cut firs{Chen and Vella, 1994, pp.
1064¢1065) which, given its incompleteness, makes their suggestion a dangerous one.

In ChinaFisherVanden, Mansur, and War(@015)found that acrossll industries, material input
expendtures increased by 13% in response to electricity shortages since 1999. They found the largest
effects in the wood products, chemicals, food, metal, and textiles industries. However, this was offset
by a 5% reduction in unit cost due to savings in otmguis and small total factor productivity
improvements.
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Table6/ KSYy | yR #I1QHMRFQa&l Aoy SaS AYyRdAdZAGNASAQ YdzZ (A LIputSNI SFFSO0
output analysis

Chen & Vella's value multipliers of non-electrical sectors in Taiwan

# Sector name Value multiplier
1 Other industrial chemicals 0.89
2 Steel and iron 0.91
3 Cotton, wool and fabrics 0.91
4 Artificial fabrics 0.91§
5 Cement and cement products 0.92
6 Chemical fertilizer 0.92
7 Artificial fibres 0.926
8 Iron and steel products 0.939
9 Non-ironic metals and products 0.94
10 Paper, paper products, printing and publishing 0.942
11 Miscellaneous non-metallic mineral products 0.942
12 Garments, miscellaneous fabric products and dyeing 0.944
13 Rubber products 0.945
14 Coal and coal products 0.945
15 Plastics and plastic products 0.948
16 Electrical machinery and apparatus 0.949
17 Gas and city water 0.95
18 Petrochemical intermediate materials 0.95
19 Machinery 0.954
20 Miscellaneous manufactures 0.955
21 Miscellaneous chemical manufactures 0.956
22 Other minerals 0.95
23 Electronic products 0.95
24 Transport equipments 0.95
25 Household electrical appliance 0.959
26 Construction 0.96
27 Products of wood, bamboo and rattan 0.963
28 Lumber and plywood 0.96.
29 Leather and leather products 0.965
30 Miscellaneous food products 0.966
31 Livestock 0.9
32 Canned foods 0.97
33 Slaughtering and by-products 0.97
34 Fisheries 0.976
35 Petroleum refining products 0.97
36 Beverages 0.98
37 Rice and grain milled products 0.98
38 Crude oil and natural gas 0.98
39 Transportation and warehousing 0.98
40 Commmunications 0.98
41 Miscellaneous services 0.984
42 Sugar 0.984
43 Sugarcane 0.985
44 Trade 0.986
45 Paddy rice 0.989
46 Other crops 0.99
47 Tobacco 0.992
48 Forestry 0.99

For Zambia, using World Bank enterprise survey data with 720 observations, Sichon@Gt6al
found that the impact of power outages was only significant and negative for food and metal
fabrication, associated with a 1.9% and 1.4% reduction in saiectvely. The impact was not
statistically significant for furniture and wood processing, garments and leather angnetailic

minerals. They posit that the insignificant impact of gglheration on wood processing, garments
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and leather and nometallic minerals subsectors is because they are less dependent on electricity for
production(Sichoneet al,, 2016)

For the food subsector and metal fabrication, when production starts, Sichone said (Sichone, persona
communication, 26 May, 2018) that there are some processes that should not be interrupted. Because
spoilage costs exceed the cost of running-gelfieration, to hedge against spoilage costs, firms in

these sectors will run their generators even when tp@d is providing power (Sichone, personal
O2YYdzyAOFI GA2YS Hc al&X wHanmyO® LYy 2yS AyaidlyoS:s
resulting in the need to replace pipes. He also told us that ZESCO would not always keep te its load
shedding schaules.

Running along the theme of discerning the impact of power outages on different customers, Allcott

et al(2015)suggested that offering interruptible electricity contractsaadiscount could substantially

reduce the impact of shortages. This bottarp approach, rather like the purchase of generators,

would allow for customers to determine for themselves their value of reliable electricity. Unlike Chen

YR +S¢t | Quaichaghmdf& a dentral geEisiomaking body to figure out how to maximise

social economic benef{Chen and Vella, 1994, p. 10687) A i NBf ASa 2y (GKS GAyOAa
how to reduce the costs of shortage$f not achiewe the socially optimal result.

Peak versus offeak tariffs

Pasha et al found that 28% of firms surveyed not operating 24 hmmrrday would be willing to shift

their work timings if lower ofpeak tariffs were offered, ranging from 11% in the metaluistry to

52% in the paper and wood industfiPasha, Ghaus and Malik, 198Phsha et al also suggested
seasonal variation in the level of tariffs genérabecause hydropower dependent Pakistan in 1989,
like Zambia today, saw a difference in the incidence of outages between winter and the early summer
months(Pasha, Ghaus and Malik, 1989)

Duration of outages

Fewer longduration interruptions are less damaging to industry than several interruptions of very
short duration(Pasha, Ghaus and Malik, 1989; Diboma and Tamo Tatietse, Z0i3)s because short
outages are generally not anticipated and second, because the spoilage of inventory and machinery
and restartup costs are linked to frequency and not duration. Spoilage costs spread over a longer
duration result in less spoilage per kilowatt hour lost.

Willis and Garrod1997)defined short interruptions as those in which the voltage falls below 0.1
relative units for a period shorter timeor equal to 1 minute. Long interruptions are those in which the
voltage falls to zero for a period above a minute. Using collected survey data, Beensto¢k @94).
found a Ushaped relationship betweethe loss per unsupplied unit of energy and the duration of the
outage. Restart and equipment damage costs per kilowatt hour unsupplied vary inversely with
duration, whereas output losses increase with duration. Their data suggests that the cost pertkilowat
hour unsupplied reaches a minimum at 45 minutes for the firms that they surveyed in th2980%

in Israel. The haped relationship between cost per unit of energy and duration perhaps explains
5A02YIl Qa Z2013)$hatBusiness@syprefer longer, infrequent outages to shorter frequent
outages.

To be able to adjust to outages (in terms of shift timings and work days), Pasha, Ghaus and Malik
(1989) found that surveyed firms in Pakistan said they needeti36hours lead time between
notification and outage. Surveyed firms in Cameroon, meanwhile, estimated that their costs could be
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reduced by a fifth t@ third if they were given reliable advance interruption notif@gboma and Tamo
Tatietse, 2013)

Coping mechanisms used by manufacturing firms to mitigate against power outages
The literature identifies myriad ways in which firms can respond to unreliable electric supply:

1. Insuring against loss of power (or not, as is the case in 25 African esumicluding Zambia
according toSteinbuks and Foster, 2010)

2. Substituting away from electricity to other factors of production in the kegrgn (Solow,
1956; Bental and Ravid, 1982; Baddeley, 2003)

3. Negotiating flexible labour contracts to counteract reductions in labour prodixtias was
the case in Pakistaasha, Ghaus and Malik, 1989)

4. Taking measures to reduce equipmentntEge, such as installing voltage regulators,
protection switch gears, managing loads, conserving en@ggpghvi, 1982)

5. Carrying larger process inventorigsanghvi, 1982)
6. Substituting techniqgueéSamuelson, 1962; Baddeley, 2003)
7. Changing business activity and allowing firms in other locations with more reliable power

supply to take over the production activity, or alternatively changing location to an area of
more reliable energy supplyisherVanden, Mansur, and War(@015)found that firms in

/| KAySasS NB3IA2ya HKSNB St SOGNRO LIsSNI 6SOI YS
intermediate goods for production;

8. Privately generating their own power. Studies show that firms thatgatferate electricity
suffer smaller outage loss€Arnold, Mattoo and Narciso, 2008; Steinbuks and Foster, 2010)
Selfgeneration accounts for more than a fifth of generation capacity in some African countries
(Foster and Steinbuks, 200However, while selfjieneration reduces outage losses, Oseni
and Pollitt(2015)found that selfgeneration might not necessarily make a firm suffer smaller
unmitigated outge losses. In calculating the unmitigated loss, Oseni and Pollitt calculated it
as equal to the loss amount less the cost of-gelfieration. They should have also added to
this the cost of selgenerating energy above the cost of purchasing energy fiergtid.

Variables correlated with generator installation included size, number of days without power,
whether they were foreign and whether they were expéating, Reinikka and Svensson
(2002)in Uganda. Similarly, using business survey data from 25 African countries, Steinbuks
and Foster(2010)found that the size of a firm and whethdraxports play more important
roles than reliable supply of energy in the decision to invest in a-bpadenerator. Allcott et
al(2015)explain the reason for size of firm being a correlate with owning a generator in terms
of the rational firm: there are substantial economies of scale in generator costs.

Because generators operate a small fraction of the time energy is used, they dpeadiy
affect the average cost to industry. Indivisibilities occur in bhgzhknvestment(Beenstock,
Goldin and Haitovsky, 199 Because of this, it may cost a firm the same to invest in-bpck
generation for 110% of its energy needs as it costs to-@ac7% of its generation needs,
and so it may decide not to bacip against 100% of losses;

9. Reducing outputAdenikinju, 2003)or

10. Changing busirss and possibly industry. This would be difficult to observe, and we have not
seen studies tackling this issue. We would need to take into account survival bias as we
interviewed manufacturing firms in Zambia following the major outages of 2015 and 2016.
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Use of backup generators to calculate observed floors for marginal costs of power outages

To avoid the problem of subjectivity associated with micro studies discussed above, observations can
be used to ascertain the marginal cost of power outages.

Bental and Ravig1982)and others subsequently, such as Adenik{@@03)and Steinbuks and Foster
(Stenbuks and Foster, 201Qrgued that because acquiring backup generation is not costless
(Adenikinju, 2003)the formulation of marginal cost of outages should include in addition to the
variable cost the capital expenditure of purchasing a given capacity, divided bpting of use in a

year. This, it is submitted, is an incorrect formulation. Marginal cost is the cost of added by producing
one additional unit of a product or service. The acquisition of backup generation is only relevant at
the time of acquisition, andsithereafter a sunk cost. For this reason, the time of acquisition of
generators would be interesting to know for Zambia, as it would inform when power outages were
bad enough to justify the capital expense of a backup generator, an apparent gap ierthtli.

Farquharson et a(2018)took the correctapproach to calculating the marginal cost of backup
ASYSNI GA2yT |ftGK2dzAK (KS& OFffSR Al WLINBYAdzy O2
result of using the wrong input value. They calculated that consumers in Zambia pay a cost premium
for backup generation of USD 0.53/kWh. They calculated this as the difference between diesel backup
generation and the price of grid electricity. This is the correct formulation of marginalccibst
additive cost, necessarily considering the cost of eletyrittiat would have otherwise been paid.
However, Farquharson et al base their calculation on a 2014 cost of USD 0.59/kwh for diesel
generation exclusive of capital expenditure, operating and maintenance expenses, which is far higher
than what would have ben expected. Steinbuks and Fosteund that the average variable cost of
selfgenerated electricity in Zambia was USD 0.27/kWh in 28idinbuks and Foster, 201@grsonal
experience negotiating power purchase agreements in Rwanda suggested thaisth@as circa USD
0.290.34/kWh (personal experience in Rwanda, 2062

Predictors of possession of generators

{AOK2ySQa NBaSIFNDODK ONBYFN]JSR 2y +020S0 ada3sSada
others because of their greater dependerme energy and vulnerability to power outages. Based on

this, the subsector of manufacturing that a firm falls into could be a predictor of whether it owns a
generator.

Steinbuks and Fost€P010)investigated what drives firms to generate their own power using data

from the World. I y1 Qa 9YGSNILINRAR&AS {dNBSeé 5F4lolkasS 02YLNN
between 20022006 across 25 African countries, including Zambia. Using the binary choice model of
Reinikka and Svenss@002) they looked at the probability that firms invested in generators by firm
characteristics, using the probit method. They found thrag probability of finding a generator on the

premises increases by nearly 50% as one moves from firms employing less than 10 employees to firms
employing over 500 employees; and that the probability of having a generator remains high even

where power suppl is reliable. They found statistically significant relationships for several firm
characteristics: days of power outages, size in terms of employees, age, export orientation and sector.

The following is a rank of magnitude of coefficient for statisticatipificant sector variables for most

likely to own a generator: hotels and restaurants, food and beverages, chemicals and pharmaceutics,
non-metallic and plastic materials, metals and machinery, wood and furnguméning did not have

a statistically gjnificant coefficient. For all the 8,483 observations that Steinbuks and Foster had to

RN} ¢ ONBFR GNBYyRa F2NJ W FNAOIFIQ FNBY RAALINIGS O2
Egypt, Algeria and Mauritius to lower middle income countries scHambia to least developing

The political economy of the energy mix of hydropower dependent developing natiarese study of Zambia 55



countries such as Burundi and Mauritania, the pseudmRared of their regression model was only
26%.

Oseni and Pollit{2015)F f a2 F GGSYLIWISR G2 ARSYGATE LINBRAOUG2Z2NE
generation. Their pseudB-squared was only slightlyigher, at 34%, using 2,665 observations from
2012 World Bank Enterprise Survey data. Unlike Steinbuks and Foster, they did not find either days of
power outages or age to be statistically significant predictors even at the 10% level. They did find size
in terms of employment and various sectors to be statistically significant. In terms of statistically
significant sectors, they ranked as follows in terms of magnitude of coefficient: other services, food
and beverages, electronics, chemical and pharmacalstimonmetals, retail, garment and textiles.
Besides adding electricity consumption to their model that Steinbuks and Fuchs did not (and hence
had a lower Rsquared), they also added countries, further contributing to thesigared. With their

data coning from a dataset that was published in 2012, they found that Zambia had a statistically
significant result at the 5% level, but with a negative coefficient, meaning that as of 2012, one would
predict that Zambian firms were generally not equipped withe@tors.

Extent of use of backup generation

Two relationships that Bental and Ra{®82)surmised were that:
i. as generators become more expensive, firms will purchase lessupapkwer, and the
damage of outages will increase; and
ii. the more reliable the supply of egrid electricity, the higher the cost of outages, as a
result of decreased backup facilities purchased by the firm. Steinbuks and Ei6)
also casually observed that the capital cost of germmatends to be higher in countries
with more reliable energy.

Even with selfjenerated energy, Sichone et al found that a percentage increase in use -of self
generated electricity was associated with a 0.19% decrease in annua{Sialesnest al, 2016) This
implies that seHgeneration does not fully cover loss in energy.

Oseni and Pollitt posited and then showed that a firm that has invested in backup generation may still
suffer a higher unmitigated outage loss relative to a #backup firm if its operations are more
vulnerable to power outages and its investment in gglferation capacity is not large enough to
significantly reduce the potential outage lq€3seni and Pollitt, 2015)

To test this theory on 2012 data collected by the World Bank with outage losses as the dependent
variable, rather than using a poaeegression for firms that had generators and those that did not,
Oseni and Pollitt ran separate regressions to account for the possibility that the generator variable
may interact with other explanatory variables. The adjustestjRares using this appach for the

outage loss given backup generation or given no backup generation was 42% and 52% respectively for
1,648 and 1,017 observations across Africa.

A remarkable result that comes out of their regressions is that firms with backup generation were
dightly more (4% more) vulnerable to outage losses than firms without backup generation capacity
when the electricity consumption of the firm is greaf&iThis could possibly mean that there are two
types of large consumers of energy: those that need tilgatie the losses with backup generation but

43 Eor the other norcountry statistically significant variables for both firms that had generators and firms that did not have
generators¢ days of power outages, employment, the chemical and pharmaceuticals subsector at the 10% level of
significance; the outage losses were smaller for firms with generators than those without.
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cannot afford to mitigate the loss entirely, and there are those for which the costs of backup
generation do not equal the marginal benefit of sgéneration. This may reflect the differences in
theenergyintg A G & 2F GKS (g2 GelLlSa 2F TFTARWSQ 2LISNI GA 2\

An alternative explanation for this result could be that the underlying data is unsafe: it comes from
guestions asking the value and percentage of losses due to power outages. Responses could have
been affeted by the biases discussed above such as protests or loss aversion. The implication would
be that respondents at firms with generators would protest more about their losses or feel their
unmitigated losses even more than respondents at firms without getnes. However, given that for

the other nonrcountry statistically significant variables the costs of outages were smaller for firms with
generators than those without, this is unlikely to be the case. This was the expected result, and Oseni
and Pollitt bund that despite the substantial amounts of unmitigated outage losses suffered by firms
with generators, their counterfactual estimates showed that firms engaging irgeaHration were

better off than if they did not invest in sedfeneration(Oseniand Pollitt, 2015} In fact, their results
showed that the actual unmitigated outage loss per kWh was considerably higher for backup firms
than for nortbackup firms in countries with frequent power outages.

In spite of the existing commentary on bapkgeneration failing to fully make up for lost energy,
research published as recently as 2018 Nadure publication used the assumption that firms with
generators used them to mitigate all outage losf@€arquharson, Jaramillo and Samaras, 2018)

The impact of pwer outages irzambia prior to 2015

BeforeH nmMp X %I YOALF Q& LI26SNI OF LI OAidle (GKS2NBOIAOIfte 2
industrial and mining demandbut news reports and multilateral surveys suggest that poor
maintenance and corruption were responsible for power outages nonetheles

WKAES %%FYoAlFQa St SOGNROAGE &I (Jourdary 2990 #.0182nK S  OK S|
accountant assigned to a consulting project in Zambia 1992 and 1993 recalls (email from Michael
Mainelli dated 17 February 2019 seenex 3.6.4}hat power quality was an issue in Zambia for private
investorseenthenWy S 2F (KS LR2Ayida ¢S FILA{SR (2 3AS4G GKS
writes,

was that variability in the electricity supply was leading to production problems and thus
variability in the output. In turn, these production problems eve impeding the sales

potential for Zambian copper as buyers were concerned about irregularity of supply. Clearly
Zambia had significant hydropower production potential, but it was often out of action, or
RADGSNISR SfaSgKSNE ¥ 2nallfeedbdck pioblén rélatetddrihisidas S a (@)
GKIFIG 0SOldzaS %I YOALl Qa Aoftingl Novitkactd) iyl turn &adged St & O
significant{foreign exchangeproblems in turn, a secondrder effect.

An example of a reason for the power stations lgequt of action was in 1989 whehere was a fire

at the Kafue statiofJourdan, 1990, p. 18 ower outages continued to be reported in the 2000s and
mining companiegboth open pit and underground mines)sponded by installing diesel generators
to make up for the shortfabf delivered grid electricitio prevent ZESCO power outages from resulting
in loss of productioiiMfula, 2010b, 2010a; Steel News, 2011; Syndigate, 2akhpugh underground
mines are more electricity inteng@embo, 2018, p. 41)

44 They calculated the outage loss per kWh unsupplied assuming that a firm would have consumed the same amount of
electricity per hour during outages as they did during uninterrupted hours, and assumed firms operated 12 hours per day.
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notappearto beRA GSNESP® az2aild 2F % YONIFRAZ2FAVAYBAARAT DRI
from just four minegZambia Chamber of Mines, 2018)Line 3 ofTable7 shows that for each of

2013 2016, 2017 and 2018, the mining grid electricity consumption in gigawatt hours per copper
production in thousandsfdonnes ratio was the same to two significant figures, 7.8.

Table7 Zambian copper mining production 262818e

Imputing diesel-generated electricity by the mining sector
Line Year 2013 2014 2015 2016 2017

1 Mining grid electrcity consumption, GWh 5929 5871 6246 5918 6202 6,682
2 Copper (Cu) production, '000s tonnes 760 708 712 763 794 854
3 Grid electricity/Cu produced, GWh/'000 tonnes 7.8 8.3 8.8 7.8 7.8 7.8
4 Median average electricity/Cu producted, GWh/'000 tonnes 7.8

5 Predicted grid electricity consumption given Cu produced, GWh 5,941 5535 5566 5965 6,207 6,676
6 Variance where predicted grid electricity consumption > actual grid electricity consumed, GWh 12 47 5

SourcesEnergy Regulation Board of Zambia, 2015, p. 8, 2016, p. 0, 2017, p. 9, 2018, p. 36, 204Ad{l.39 Geological
Survey, 2015, 2016, 2012018, 2019, 202@nd own computations

Using this ratio, we can calculate how much grid electricity consumption mining would have required

where we have the copper output figureslime5 of Table7. Where this calculated figure exceeds

GKS 9ySNHeée wS3dAFGA2y . 2FNRQ&a NBLRZ2NISR TA3IdNB z
difference is what we can estimate as the amount of enenglyingcompanies selfenerated, so 12

GWh in 2013, 47 GWh in 2016 and 5 GWh in 2RbTe that the prediction shows that in 2015, they

did not have to seffenerate.The mining sector was somewhat more insulated in the beginning

(ZESCO Ltd, 201%8) LYRSSRZ AY HAMPI YAYAYI4%Hin2K4EDEEw2 T %9 {
But then ZESCO requested the mining sector to reduce its load byBoéstgy Regulation Board of

Zambia, 2016, p. 1and mining consumption data of ZESCO energy indicate that the period of worst

load shedding for the mining sector was from December 2015 to November 2016.

In spite of that¥sl YO Al Qa O2LIISNI YAYAYy3d LINBRdAzOGAZ2Y RAR y2(
2015 to 2016U.S. Geological Survey, 2015, 2016, 2017, 2018, 20d9nstead grew in 2016 to its

4 year peak (se@able7 above). That copper production grew in spite of heavy power outages of
December 2015 to November 2016 implies that it was still economic to extract copper and supports
¢tSYo2Qa FAYRAy3Ia (GKIG GKS 1S&@ RSOA&A2Y QDI NRIFofS
and type of ore, and not energy pri(Gembo, 2018 DA @Sy GKIF G cm: 2F %l YOAL
(Tembo, 2018, p. 5@nd less electricity intense, it is probable that the proportion of production from

less electricityintense open pit mines increased

Moving on to manufacturingSteinbuks and Fost€R010)provide one of the earlier studies on the

AYLI OG 2F LRGSN 2dzil 3Sa Aga AWIAY dAKISQ 2 2WIE yRdzE H Q| 2N y
data collected from 2002 to 200€roviding their assumed cost of sgénerating electricityvariable

and capital charge for generators) and the ggabt of electricity, they provided their output average

cost of energy. Working their calculation backwa(8tinbuks and Foster, 2010, tal@g*® we find

that Zambian manufacturing firms experienced 5% of their operating hours.

4 Copper and copper frRdzO0( & | O02dzy i SR F2NJ bwr 2F %I YOAlI Q&4 SELRNISR Y!
(World Bank, 2020t)The Lumwana and Kansanshi mines are operfBatrick Gold Corporation, 2019; First Quantum

Minerals Ltd, 2019)whereas Mopani and Konkola Copper are a mix of underground and open pit (Kovgsola Copper

Mines Plc, 2019; ZCCM Investment Holdings Plc, 2019)

46 Using the Goal Seek function in MS Excel for USD 0.45/kWh * x% of the time + USD 0.04/4%éh ¢f(the time JSD

0.06/kWh
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They also found that firmsxperienceda 7.3x difference in losses between having a generator and not
having a generatof(Steinbuks and Foster, 20%@ple 3). The value they used to ascribed to having a
generator was the capital and variable to$ a generator. The weakness associated with how they
calculated the capital cost has been discussed above. The value they ascribed to not having a
generator was the average loss of sales over the course of an hour. The weaknesses with this are that
manuacturing is a heterogeneous sector, with diverse subsectors, and that firms tend to overstate
their losses, as noted above. Nonetheless, because power outages occurred with such infrequency,
they found that the costs of having a generator exceeded theeben(Steinbuks and Foster, 2010,

table 5a), and that only 38% of firms owned generat@®teinbuks and Foster, 2010, talile

Further research by Sichone et al, discuss#Bove usedthe VB NI R . I y1 Qa 9y i SNLINRKR &S
The critical junture came in 2015however, as~igurel illustrates, whenpower outages resulted
systematically and frequently from severe droughts, caugiogvth of manufacturingo declineThe

drop in growth of the manufacturing was followed aysteep decline in net inflows of foreign direct
investment in 2016, as illustrated in

Figure8 above.

The impact of the 2015 and 2016 power outageZambia

Headline statistics suggest that the power outages of 2015 and 2016 adversely affected manufacturing
firms, and annual reports from listed companies confirm this impresfietween the power outages

2T Hamp YR HAamcI %I Yd aldctyfcityongudgRionOdli tioNTthyfdabgest & K I NB
sectoral consumer to fourth pgest sectoral consumer behifidance and property (se€able 1)and
manufacturing valuedded growth fell Figurel). Table8 below shows how the annual reports of

eight listed Zambian manufacturing firms reported the impact of poautages on their operations.

Six out of seven firms whose annual reports for 2016 were obtained mentioned the power outages,

and of them, four mentioned them in the context a@fidversely affecting firm performance or
production processes

The power outages seento have affected firrs differently depending on their subsector. Cement
manufacturer LaFarge experienced reduced revenues and profits year on year from 2014 to 2016,
attributing the decline in performance to power shortages which adversely impacted produlstion.

contrast, Zarbia Sugar Plc saw increased revenues year on year from 2014 to 2016. Because Zambia
Sugar Plc was sourcing enefgym the fibrous residue remaining after the extraction of sucrose from

sugar caneit was not heavily dependent on ZESCO for enedggBCO engywas a supplementary

source during the factory offrop maintenance period when the factomas not operationa{Zambia

Sugar, 2017, p. 15The impact of power outages for this agricultural firm, therefavere negative

primarily through the lack of irrigation, rather thaéiroughti KS A YLJ OG 2y GKS FTANNQA

Table8 Annual reports of listed Zambian manufacturers mentioning the power outages

Key:

Reduced revenues and profits from previous year

Increased revenues but reduced profits from poais year
Reduced revenues but increased profits from previous year
Increased revenues and increased profits from previous year

¢ Power shortages mentioned as a cause of decline of firm performance
¢ Power shortages mentioned as adversely impactirggipction
¢ Power shortages mentioned as a cause of sttomwn of economic growth
¢ Mention electricity tariff increase as adversely affecting the company
IF¢ Improved performance of firm from better power delivery
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IP¢ Improved processes as a result of better power delivery
IE¢ Improved economic performance from previous year from better power delivery

Firm & annual reports

referenced

LaFarge(2016, pp. 1&12,

17, 2017, pp. &4, 36, 43,

2018, pp. 45, 50, 60)

British American Tobacc PE IE
(2016, pp. 84, 6, 2017, pp.

9, 14, 2018, pp. 8, 23)

National Breweries(20186, PE PE IP
pp. 18, 24, 2018, pp. 4, 27)
Zambia Bata Shoe (2016, PP, PF
p. 10, 2017, pp. 4, 14, 201¢
Zambeef(2016, pp. 3, 10, [ PP I
18, 45, 2017, pp. 23, 4t P
2018, pp. 2, 1611, 1415,
17¢18, 53)
Metal Fabricators of Zambii i BE
(ZAMEFA, 2016b,p. 5,
20164, pp. 1, 4, 10, 2018, |
7)
Zambia Sugaf2016, pp. 1, BP PP IP
11¢12, 20, 2017, pp. 24, 41
2018,pp. 8, 31) Reduces demand for en Ability to produce own
grid electricity by electricity has minimised
generating power for its the impact of load shedding
factory using its waste on our operations.
biomass.
Zambia Brewerie@National IP
Breweries, 2018) IE
Analysis
Power outages mentioned 5/7 6/7
Power outages mentionec 3/7 a/7
as adversely affecting firn
performance or production
processes (PF, PP)
Improvement in orgrid 5/7

power mentioned

Wt CQ Ay (KS GlLotS 6208 AYyRAOLFIGSa |
- direct attribution of decline in company performance from the previous year due to power outages,
o C2NJ SEIFYLX ST [CIFNHBS %%l YoOAl NBLEZ2NISR Ay AlG&a wnwmp |
20l4duetofa it NR &aAy3I O2aiaz LI NI A OgafdrgeZagnbid, BOBGE NI | yR Y| 22|
- decline in performance in terms of where the company would otherwise have been,
o For example, Zambia Bata Shoe Company reported lower revenues but higher p2fit§ifrom 2015,
FYR FTGdNROdzSR GKS t2¢6SNJ alrtsSa 2 GKS KAIKSNI O2aia
load shedding due to lack of water in our major dams and rivers for generation of power. Our
manufacturing had to run on generators atids increased our input costs reducing our margins as we
could not afford to increase our products since most of our customers could not afford such price
A ¥y O NRZarabtaB&a, 2017)

While power shortages were one key feature of 2015 and 2016 thatradlye affected their
operations, the annual reporter the food processing companiatso mentioned the droughvhich

also caused the power shortages), increases in fuel costs (which would have been caused by higher
demand for diesel fuel for seffeneraion), inflation (which would have been caused by increased fuel
costs), depreciation of the local currency (which would have been caused by inflation), high interest
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rates (which would have been imposed to control inflation), and low copper pricey (@i&ermined
by exogenous market forcegjhere were other factors besides power outages that were contributing
to the fall of manufacturing valuadded.

For a further idea of how the power outages impacted businesses in Zambia in 2015 and 2016, we
need to broaden our review of the literature to research carried outMwyila et al (2017)who
surveyedthe impact of power outages on micro, small and medium sized busineskieh focused

mainly on services since the percentage of the MSME population engaged in manufacturing was only
9.3%(Mwila et al., 2017, fig. 213 Similarly, 93% oBatidzirai et a(2018)Qa &l Y LI} S
small enterprises. The one finding they found germane to kam@e manufacturing was that a
manufacturing firm with 400 employees was willing to pay ZMK 0.32 more for reliable electricity,
although whether this was per kWh not clearBatidzirai, Moyo and Kapembwa, 2018, 8). They

also found that overall manufacturing firms were more willing to pay for reliable electricity services
than other sectors, followed by financial services.

gl a YAC

Small businesses were less resilient than larger firms because of limited resources to invest in
alternative energy sources and most lacked insurgdivwila et al,, 2017, p. v)

Drawing a sample @96 small enterprises that they interviewed in 2015 from an estimated population
of 15,415, Mwila et al found the following:
9 Electricity featured as the most popubarreported operational constraint to firms, being

voted as the top constraint by 36%raspondents. Access to finance ranked second with 28%

2F @g23Sa

labour, security and fu¢R017, p. 2Q)
o It should be noted that electricity supply moved up from third most popularly voted
operational constraint after access to finance and the informal sector in the World

Y1 Q&

YR O2YLISiGAGAZ2Y NIylSR

04 KANR

6 AGK

9 v (i §2014NI 4céhduftettdloBetthe outages. The enterprise

surveys excluded companies engaged in copper mining. 51% efysdrfirms were

in manufacturing.
0 By contrast, however, electricity supply deficit was ranked third most popular

constraint in the Bank of Zambia, Central Statistical Office and Zambia Development

I 3Sy 0eQa

options respondg (i &

201%,cp. xPpfd2BEIBNS across sectors, after exchange rate

instability and the high cost of borrowing. The difference could have been that Mwila
et al focusedn small businesses whereas the latter also included the mining sector.
It seems that the ranking of the importance of electricity outages in the three sets of
surveys was dependent on the time of survey, the sample of respondents, and the

4SNBE IAGSYyd DAGSY

47 According to the MSME policy of the Ministry of Commerce, Trade and Ind@stnybia Development Agency, 2019)
micro, small and medium enterprises are those registered with the Patents and Companies Registration AdeRey) (PA
with the following characteristics (Kwacha converted to USD at a rate of 13 per USD as of 27 September, 2019):

Category \ Micro enterprise Small enterprise Medium enterprise
Investment in equipment, § 77-6,153 6,15415,384 15,38538,461
Annualsales, $ 77-11,538 11,53923,076 23,07%61,538
Workers X mn 11-50 51-100

Mwila et al estimated that small enterprises across sectors accounted for over 170,000 jobs, although the methodology used
to estimate this number was not revealed. Half of srballinesses were involved in trag2017, p. vi) Of MSMEs fatig

GAOGKAY (GKS YIydzZFl Oldz2NAy3a aSOi2NE
Commerce Trade and Industry, 2014, p, &yen though small and medium businesses accounted for 56% of the
manufacturing sector population in 20412 (Ministry of Commerce Trade and Industry, 2014, p. X)

tKSea

2yte O2yMimdnootzi SR G2
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survey conducted at the time of the worst power outages, it is difficult to conclude
that power outages were the biggest challenge to firms, but we can conclude that
they were an importanthallenge.

1 Interms of average loashedding hours per day, Lusaka was hit the w(261.7, p. 24)but
in terms of the cost per kilvatt hour cost, Kitwe was had the highest 102817, p. viii)

f While only 17% of SMEs reported not having received ndlifks2 y & 2 F %9{/ hQa f 2
schedule through any media or members of the pulfol7, p. 25)51% of enterprises
reported that ZESCO did not follow its own load shedding sched(®@647, p. vii)

1 30% of businesses reported damaged equipment due to load shgddnly 12% of
businesses reported their equipment as insured. Firms also suffered from restarting
operations costs(2017, p. vii, 30)

9 Load shedding resulted in idle labour and overtime labour c¢st28) 8% of firms reported
reducing on labour hourgp. 36)

1 Load shedding resulted in purchases and hiring costs for alternative energy squr8as
Among the surviving firms that were interviewed, 42%aeed to have used generators in
2015(p. 33) whereas just 2% reported having used a (jP34)and just 2% reported having
used surge protectorgp. 34)

1 Only 0.2% of businesses reported movjpg32) However, the total number that did was 21
businesses, all in Lusaf@a 37)

1 7% of businesses reported switching working hofrs38) The report also says that no

businesses reported shutting down their operatiqps 37), but this result would be heavily

affected by survival bias;

7% of small and medium sized businesses reported backing up data sypteap

7% of sampled firms used enhanced sé@gyp. 35) while 21% of firms reported fag theft

during load sheddinp. 39)

=a =

Batidzirai et al(2018)surveyed 224 mostly micro and small enterprises (this constituted 93% of their

sample, pp. 8, 14) on their willingness to pay a higher electricity tariff for reliable service. They
concluded that an upward revision efectricity tariffs would facilitate investment in the energy

sector, and that most businesses would be willing to pay for improved electricity supplies. Indeed,

Y%l YOAl Q& | @SNI IS St SOGNAROAGE GIFNRFT gmafricam 2T W
5SSt 2LIYSyd /2YYdzyAles [|(BhegyR&alationBeardyfZéribie, 2012aF b | Y
p. 61)

They found tlat hotels, restaurants and businesses paying a commercial tarif{her servicesector
companies) as well as operating hours per day were statistically significant independent variables in a
regression where willingness to pay more was the dependent varif@Bédidzirai, Moyo and
Kapembwa, 2018, p. 23Yariables that did not seem to have an impact were the number of years a
firm had been in business, whether it was profitable and whether a business wasieessector
business that was not hospitality (they looked at the financial and wholesale and retail subsectors).

However, it is unclear when their 224 surveys were conducted. They cite electricity tariffs approved

by the Energy Regulation Board in March 2017. Because ZESCO made tariff revisions in May 2017 and
then again in September 2017, it is unclear whether Ba#dNJ A S Ff Qa FAYRAy & ¢
the time of publication.
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Table9 ZESCO revised its tariffs twice upwards in 2017

c @ Not secure | www.zesco.co.zm/customerCare/tariffs Y @ @'a E‘
Beyond Canflict Fre Vine Engagement R Design My Own En Funding Conferences Energy and develo Rings Statistics Honeymaon » O
Current ZESCO Tariffs

CUSTOMER CATEGORY Current Tariffs = New Tariff 15th May 2017 = New Tariff 1st Sept 2017

1. METERED RESIDENTIAL TARIFFS (Prepaid) (Capacity 15kVA)

Fixed Monthly Charge(K/Month) 273.62 410.43 478.84
Fixed Monthly Charge(K/Month) 136.82 205.23 239.44
Fixed Monthly Charge 55.09 82.64 96.41
Peak MD Charge(K/KVA/Month) 52.48 768.72 91.84
Peak MD Charge(K/KVA/Month) 52.19 78.29 91.33
Fixed Monthly Charge 47.91 71.87 83.84
MD4-Capacity above 7,500kVA MD Charge(K/kVA/Month) 41.98 62.97 73.47
MD3-Capacity between 2,001-7,500kVA MD Charge(K/kVA/Month) 41.75 62.63 73.06
Peak MD Charge(K/KVA/Month) 32.67 49.01 57.17
MD2-Capacity between 301-2,000kVA MD Charge(K/kvA/Month) 26.13 39.20 4573
Off Peak MD Charge (K/KVA/Month) | 20.99 31.49 36.73

Source: ZESCO.co#&SCO Ltd, 201 &xcessed as of 29 October, 2018. It appears that 'current' was the tariff prior to 15
May, 2017

While finance and property seem to have fared better through the power outages of 2015 and 2016
than manufacturing firms as suggested by their increase in sifaerergy consumption, the services
sector in general and SMEs did rank power outages amntst popular constraint to their operations.

The impact of power outages on the climate

Beyond looking at the impact of power outages on ZES&0 f | NB 3$siitis reledaat iapnsiGer
their climate impact since global warming is what caused the power outages in the first.place
Farquharson et a{Farquharson, Jaramillo and Samaras, 20d8ed their topdown analysis of
generator emissionfor Zambia, at least, using out of date because that was collected by thiel Wor
Bankfrom December 201-February 2014World Bank and International Finance Corporation, 2014)
i.e. before the power outages of 2015 and 2016 and beforethasnext chaptershows, most
manufacturing firms purchased their first diesel generators

For Zambia, they estimated that a typical month saw 5.2 outages for an average of 2.8 months; that
the installed grid capacity was 2.3 GW and that generator availability was 3% of the grid. This would
imply that they estimatedhat generators on average produced 1 GWh of energy in a month, the
equivalent of 3.6TJ, resulting in just 74 tonneg# df in a month.

Their analysis also ignorélte possibility that backup generation capacity may not be wdedl times
of power ougges.

In the absence of data for load lost and replaced by backup generation (even proportion of generator
ownership), Farquharson et al used Monte Carlo Analysis in which the load replaced during outages
was bounded by a distribution of backup capaeirilable. This was judged a28% in the case of

Zambia. Explanation was not provided for why 1%. The upper bound was the maximum observed
regional value as a percentage of grid capacity. The region used for Zambia is not provided, nor the
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source of thevalue 25%. Farquharson claim that the mode was the current estimate of the installed
backup capacity 3%, but do not explain mode of what. That their estimate in 2018 is therefore made
using outdated data and that their calculations lack transparency letng=gmpression that their
findings on the estimated annual electricity replaced by diesel backup generators, and subsequent
findings relant on that estimate, are frail

Addressing this issue with a tajown estimate Ahmed et atook a bottomup sectorl approach to

estimate the emission from backup diesel generator use by ZBBE@iningsector, manufacturing

sector and households’hey estimated the emissions from power diesel generation use by ZESCO

using the Energy Rdg | GA 2y . 2F NRQa NBLIR2NIa 2F RASaASt 3Sy
generation for the relatively homogenous mining sector using secondary data on mining output, data

on gridelectricity consumed and assuming a constant ratio of electricity inter@ityutput to impute

electricity that would have been generated by backup diesel generators. They estimated diesel
generation use for manufacturing firms and households using primary collected surveyrdtta.

months of worst outages for 2019, they estited emissionso be north of 27,000 tonnes of carbon

dioxide per monti(Ahmedet al, 2020y ¢ KA & NBLINBaSyida | o62dzi mm: 2F ¢
emissions in 201@Norld Bank, 2020t)

l KYSR Si |t Qa tife&admeorderibBnaghitudefE i NR &K NE2Yy Sa | f Q&
triangulatetheir results, theytook 2018 as a base year of electricity consumption, since 2018 was nhot
according to their household survey a bad year for power outages. Given that in the worst months of
2019, outages were lasting 15 hours, they estimated ifraining, industry and households generated

15% of grid capacity that they would have consumed in 2818 emissions would have been 22,000

tonnes, so of the same order of magnitude as their bottomestimate.

Beyond estimatinghe volume of the geenhouse gagt / emitted by diesel backup generators,
Farquharson et ahlso estimaied the generated volumdine particulate matér, carbon monoxide,
sulphur oxides and nitrogen oxiddsess important than the estimasehat they calculated (founded
on frail assumptions) is the attention that they brougta the fact that diesel backup generators
increase greenhouse gases in the atmosphere and adversely impact health.

Gaps in the literature

Several gaps have been identified in the literature relating to the impact of power outages. These
inform the objectives of this research emanating from primary datigectionin the next chapter

wSaSINOK KIFa 0SSy O2yRdzO0G SR 2y ldigg ®andfactudingditms.2 ¥ LJ2 &
| 26 SOSNE aAyOS GKSAS O2yGNROdziS (2 dy dgdifistn2 F G KS
of Commerce Trade and Industry, 2014, panyl since industrialisation has historically been the

catalyst for economic development, the gaps in this domain of literature mefaser examination.

Research has been conducted by Batidzirai €@@18)2y FANNXAQ gAff Ay3IySaa G2
energy in Zambia, but this seems to be out of date and also was not addressed to large manufacturing
firms. Thee is therefore a gap for knowing the willingness of large Zambian manufacturing firms to

pay a premium on the latest tariff revisions of 1 September 2017. Framing the question asiesking

to pay for reliable energy overcomes the loss aversion bias, but not necessarily the bias induced from
protests, nor from miscalculations by respondents. In addition to this, it would be useful to know what
typesof manufacturing firm®y subsectowould be willing to pay higher prices for reliable electricity.
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¢KS fAGSNY GdZNBE aSSya (2 KF@S yS3tSOGSR Fy Fylfe
peak demand could alleviate the cause of power shortages during times of peak demand. An
investigatt y (G KSNBE T2 NB 2 T -pdak édafgy onsuifpkiop is Wekrahted|zbgetheF With

a look at how consumption is tariffed at these various times.

In light of the two tariff increases in 2017, data collected on energy consumption can be usealdo fig
2dzi StlradAoAte 2F RSYFYR FT2NJ SYSNH& F2NJ %l YOALl Q3

A hypothesis that can be tested is whether most firms bought their first generators in the years of the
worst outages.

Studies as recent as 20{Barquharson, Jaramillo and Samaras, 2@k8pssing the use of backup
generation as a coping mechanism seemgsuane two things: i. that they are used 100% of the time
that there are power outages and ii. that the generators are capable of replacing 100% of the capacity
lost. While research shows that there are unmitigated losses for firms that usgesadfate eergy

(Oseni and Pollitt, 2015; Sichoreal., 2016) it would be worth explicitly demonstrating that firms

with backup generation do not fulfil one, the other or both assumptions. The reason for them not
fulfilling either of these assumptions could be for a number of reasons:

- Factors such as fuel costs and constraints on working capital may limit the extent to which
firms are able to use their backup generators;

- The marginal revenues earned from certain atigi using energy may not be worth the
marginal cost of running the backup generators, and so capacity may not have been installed
to support those activitie§®

- Availability of cedit may also constrain the purchase of an adequate capacity of backup
gene@tion;

- It may be thought that power outages are not going to be a frequent enough occurrence to
justify the large capital outlay to mitigate against their occurrence in the first place.

I aGSLI Oy o6S GF 1Sy @6mmnyesigafion Bth tiedpdzdiiciors lofywReth€ dzO K & Q
or not firms had generators on their premises, by looking into the predictors of the extent to which
backup generation is used. Answering the question whether firms that own generators use them, and

if so, what costs these help abate, will also help address threbeuguestions i. are the losses to

firms using backup generation underestimated, ii. are the emissions that Farquharson et al calculated
overestimated, and iii. were the import waivers on generators in 2008 justified?

It is not clear that the literature acknowledges the correct working definition of marginal cost of using
backup generation. This needs to be rectified.

This thesis also investigates sevedahensions that have not previously been addressed in the
literature:
- 0KS Y2yuKa GKFG %FYOoOAFQ& YIydzFlI OGdzZNAYy 3  FANY
experienced power outages;
- ranking the different costs of outages on a scale-df 0
- ranking the us®f coping strategies on a scale 60
- finding correlations between the score of coping strategies with the score for particular costs
of outages to learn what coping mechanisms may be effective;

480seni and Pollitt have expressed this slightly differently: the marginal productivity of a backup generator (i.e. thelmargina
reduction in the potential outage loss) milbe greater than or equal to the user cost of ggheration(Oseni and Pollitt,

2015)
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- finding correlations between firm characteristics ana thcore for costs of power outages
experienced as well as the score for the extent to which different coping mechanisms were
used.

This chapter reviewed the literature for how power outages have impacted economies and Radnbia

in particular.lt has revieved how power outages impact different sectors of consumiarparticular

fI NBS YIydzZFlI OGdzZNAYy3I FANNAZI AYRAdAGNARAFITAAZSR S02y2Y
growth. It has reviewed different methodologiel$ has identified significargaps in the literature. The

next section offes a methodology for how to fill the gaps.
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4. Primary data collection rathodologyto address gaps in the literature

The previous chapter critically evaluated and identified the gaps in the literdtur&ow power
outages affect various segments of the economy. Building on that work, this chapter will define the
objectivesof, theoretical approaches and propose methodologies for how to collect primary data

to address those gaps in the literatudéwill conclude with an evaluation dfie success of sampling
achieved by the primary data collection executed.

Quantitative data collected through the surveys will be analysed using descriptive stagistics
appropriate regression analyseés chapters 6,8 and 10. Qualitative data collected through
unstructured interviews with key informants have been cited in the preceding @ntluding
chapters. The interviews have been included in the annexes with permissions granted by the
interviewees whom have beammed.

Primary data collection objectives and theoretical approaches

DA@SY GKS 3FLJA ARSYUGAFASR 02@0S +a ¢Sttt | a GKS
the objectives of this research using primary data collection seek to fill iheséar as they relate to
GKS AYLI OGO 2F LIRGSNI 2dzil 3Sa 2y %I YOoAlFI Q& YI ydzFl Off

1. Ranking the costs of power outages;

2. Ranking the use of coping strategies;

3. Seeing how the costs of power outages differ for firms using cedajring strategies against

those not using those strategies;

Identifying firm characteristics that can be used to predict different coping strategies;

5. Testing the assumption that firms with generators substitutegoid power perfectly with backup
generdion:

a. Figuring out whether firms with generators have enough capacity to cover all their
operations as normal;

b. Figuring out the extent to which firms with generators use them when facing power
outages;

6. 5Aa02F3SNAY A YI ydzF I Ol dgNdr § @emiturh deENiaeCior @lfalilef eheygdif S & a

Zambia on top of the tariffs as of 1 September, 2017;

laaSaary3d K2g FANNVAQ SySNHE O2yadzvYlLliazy OKIFy3aS

8. lylLfeara 2F %FYoAlLYy YI ydzZFl Ol dzNJpegaR versus bipeakQ O2 y &
hours;

9. Discovering which months are as identified as the worst for power outages;

10. Testing the hypothesis that 2015 and 2016 were the years of worst outages in the last 5 years;

11. Testing the hypothesis that most firms bought thi@ist generators in the years of worst outages;

12. Identifying the characteristics associated with the extent to which backup generation is used,;

13. Given 3, 4 and 12, figuring out whether the import waiver on generators of 2008 was justified;

14. Using 12, where da is lacking for generator use in 2016, extrapolating what the fuel usage in
generators would be in years of low rainfall in Zambia and where supply for energy exceeds
demand;

15. Using 14, extrapolating the emissions from backup generation in years oéiofall and where
supply for energy exceeds demand,

16./ 2NNBOuGUf & @g2NJAy3IT 2dzi %l YOAlLY FANNYAQ YINBAYLI

B

~

¢CKS fAGSNI GdzZNBE Ay GKS R2YIFAY 2F AYLIOG 2F LR6SNI
The primary objedte of this research is to understand the impact of power outages on the
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environment that come from the use of backup diesel generation in households with internet
connections’® The secondary objectives are:

1. Ranking the costs of power outages;

2. Ranking tle use of coping strategies;

3. Seeing how the costs of power outages differ for households using certain coping
strategies against those not using those strategies;

4. ldentifying household characteristics that can be used to predict different coping
strategies;

5. 5A4020SNAYy3 K2dzZaSK2ft R&Q YIEAYdzy gAftAy3dyS

6. Understanding how households rank the years 20048 for power outages.

The analysis is founded on four theoretical approaches to assess the impact of power outages on
1Y 0 hdn@akturingand residentiakectors and to assess diesel generator emissions

A. The first involves calculating the marginal cost of outages, which will be done in two ways:

ii. by observingextent of use of selfeneration.A firm experiencing power unreliability
would equate at the margin the expected cost of generating its own energy to the
expected gain from that setfeneration(Bental and Ravid, 1982Marginal cost has to
therefore be greater than the cost of sgjénerated energy less the cost of energy that
would have been supplied by ZESE&rquharson, Jaramillo and Samaras, 2018, pg;, 592
593). To the extent that they do not use sejéneration is indicative that either the cost
of outages is less than the costsdlfgeneration, or that electricity consumelack the
capital to purchase seffeneration capacity or working cigl to finarce selfgeneration

iii. and by asking firms their willingness to pay for a reliable supply of electricity (as used by
Batidzirai et a(2018)F 2 NJ %k YO Al Q&4 LINBGA2dza GF NATFTF &G NHzO

B. Given that firms' backup capacities are often smalleart their required electricity loads
(Beenstock, Goldin and Haitovsky, 199¢ second approach involves evaluating the efficac
of varying degrees of salfeneration in mitigating client losses. Oseni and P¢#t.5)noted
that ownership of a generator may interact with other variables, so while doing this analysis,
the results for firms wittcertain interventions should not be pooled with those without.

C. The third is a doubkaurdle approach that will examine whether there are significant
differences between predictors of backup generation ownership, a capital expenditure
decision, and of usean operational expense decision. This builds on the work of Steinbuks
and Fostef2010)who looked at the predictors of generator ownership and Oseni and Pollitt
(2015)who found that some firms that seffenerate still suffer unmitigated losses by not
generating to the extent that they would have received energy from the grid.

D. A groundup approach to estimatig total fuel consumption by thenanufacturingand
residentialsectoss for the purpose of estimating emissions. Based on data collected on fuel
consumption, and where this is lacking, extrapolation from other data cotidatizt indicates
capacity of installed backup generation and extent of generation used, a more accurate
picture of emissions from backup generation can be drawn than by assuming, as Farquharson
et al have(2018) that firms with backup generation capacity fully mitigate their power
outages.

49The assumption is that people who cannot afford internet on their phones cannot afford diesel generators.
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Research design

Research design for the manufacturing survey

Primary data was collected using a structured survey questionnaire (the last iteration of which is
included asAnnex 23). Faceto-face surveys were conducted with the accountants, production
managers and electrician managers by a team of locally recruiteanerators trained by the
investigation team.

The survey was designed to:
1. qualify the characteristics of firms (age, size by employees or revenues, energy use, subsector,
whether majority foreign owned) to see whether these correlated with the follovierogors

2. learn when (months and years) firms experienced their worst power outages

3. f SENY GKS FTANXYaQ O2LAyYy3a adGNXGS3IASa

4. learn the extent of costs incurred as a result of outages

5. 4SS (GNBYR&a -gridenérgydseTANNYAQ 2V

6. 4SS (GNBYyRa -frifenérgy8seTANYaAaQ 27F7F

7. learn whether and how much more firms would be willing to pay for reliablgrich energy
after the latest tariff revisions of*1September, 2017

8. see whether firms experienced unplanned and planned outages differently

9. see correlations betweernirfin characteristics, costs of power outages, coping mechanisms,
and willingness to pay a premium on the latest tariff revisions'@dptember, 2017 for more
reliable electricity as outlined in 8.1 above.

Sampling framéor the manufacturing sector

ToaSGd NBLINBaSyal dA@S NBidgdzctoriit was2 NG 4 artoMB Qa2 Y& Yot §
population of large manufacturing firms as representatively as posShlmpling was therefore done

on a stratified basis by subsector accordingtothe Zathby a Ay AAGNE 2F / 2YYSNDOS ¢
categorisations and, to the extent feasible, by geography.

As of 201450% of large manufacturing firms were located in Lusaka Province, and 34% were located
in Copperbelt RegiofMinistry of Commerce Trade and Industry, 2014, sec. Annéxigaka had 95%

of types of manufactureraithe country; Copperbelt 77%bid, p. viii) It therefore made sense to
concentratelimited surveyingresources in these two provinces which together accounted for 84% of
large manufacturing firm%. SeeAnnex 2bfor the geographic and sukectoral breakdown of large
Zambian manufacturing firms.

Thea A Y A doiaNBi@&e of manufacturing firmas of 2011/13,811)exceedd the number of
clientsZESC®ad reporting themselves as manufacturing concerh886as of 201).>* However the
universe of interest(i.e. the population from which the sample was takemas the 196 large
manufacturing firms in Lusaka Province and 133 large manufacturing firms in the CopPeobilte

To get the names and contact information of manufacturing firms in Lusaka Province and the
Copperbelt Region, two lists were usethtained by the Research Field Manager from the Zambia

50 The research grant from the International Growth Centre for the project was £58,000 inclusive of flights to and from
Zambia to scope, pilot surveys and train enumerators, and present findings. It was less when one accounts for the wasted
expenses on therkt trip by three researchers who produced no written output of value.

51 This is likely because some manufacturing firms did not meet the minimum demand thresholds that ZESCO defined for
manufacturing tariffs.
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Association of Manufacturers (ZAM) and the Patents and Companies Registration Agency (PACRA).

The former is a seelecting feebased association which would attract larger manufacturing firms.
Giventhat the focus was on large manufacturing firms, this-selection was appropriate for the

purpose of the sampling attempted. The latter is a government entity which keeps a record of all
companies in Zambia which we resorted to when we ran short ofifirmA y %! aQa f Aad oA G|

Execution of the data collection

Results were collected for 128spondents; mostly large firms (which we gauged by the number of
people they employed, their revenues or the nature of their business activity).

On ageographical basis, the aim was to have 59% of the sample come from Lusaka and the remaining
from the Copperbelt (since 50% of large manufacturing firms are in Lusaka and 84% of large firms are
in both Lusaka and the Copperbelt; 50/84.1 = 59%). In faég @flthe sample came from Lusaka,
representing an overweight for Lusaka, even though the time enumerators in the Copperbelt were
deployed was longer than the time they were deployed in Lusaka. The enumerators seemed to hit a
limit as to how many firms thegould interview in those two towns. This may or may not have been

the result of fewer firms in the Copperbelt, particularly in Kitwe, surviving power outgeise
number of surveys in Ndola and Kitwe, the two major towns in the Copperbelt, was almast ©gly

one interview came from the seven manufacturing firms in the LSMFEZ and only one firm in Kafue, in
Lusaka Province.

On a subsector basis, no subsector was over or underrepresented by more than 9%.

Table10 Sampling achieved by subsector vs national population of large manufacturing firms by subsector

Large manufacturing firms by subsector and provil

Subsector Lusaka & Copperbelt Central Eastern Luapula Muchinga Northern NW  Southerr Western Total National Achieved sampl®elta
Food and food products 96 7 6 2 1 7 3 15 2 139 36% 39% -3%
Textiles and garments 15 0 2 0 0 0 0 1 0 18 5% 9% -4%
Wood and wood products 21 0 0 0 0 0 1 2 1 25 6% 3% 3%
Chemicals 48 2 0 0 0 0 0 1 (o) 51 13% 16% -3%
Plastics and rubber 25 1 0 0 0 0 0 0 0 26 7% 16% -9%
Non-metallic mineral produc 30 1 0 0 0 0 0 0 o) 31 8% 1% 7%
Basic metals 19 2 0 0 0 0 0 1 0 22 6% 8% -2%
Fabricated metal products 27 2 0 0 0 0 0 0 0 29 7% 12% -5%
Machinery and equipment 28 0 0 0 0 0 2 0 0 30 8% 1% 7%
Electronics 10 0 0 0 0 0 0 0 0 10 3% 0% 3%
Other manufacturing 10 0 0 0 0 0 0 0 0| 10 3% 0% 3%
Total 329 15 8 2 1 7 6 20 3 391

SeeAnnex Z for details on how the team was built and incentivised, iterations for the manufacturing
survey and challenges and how these were overcome.

Weaknesses of thmanufacturingsurvey

The first firmvisited as gilot was revisited by an enumerator. While some responses remained
consistent, others came back differeqiboth in the subjective responses, as well as to questions of
fact. This highlighted the weakness of estimating costs other than by having aockasdtdata.
Different people give different answerk.is possible that the same people who responded to our

52Kitwe seemed the hardest hit town of Lusaka, Ndola and Kitwe by power outages both according to Mwilévelzedt

al,2017)F yR | OO0O2NRAy3 (2 GKS 02ttt SOGSR RIGlI® ¢KS aAyAadNR 2F ¢
more out of date for Kitwe than for other towns insofar as more firms may have gone out of business there because of the

power outages.
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guestions could have responded differently on different days, in different seasbissalso highlights
the weakness of prior research dependény (G KS 22NI R .l y1Qa SyGdSNLINRE&S

Recognisig these limitations, somanalyses below are based on bands rather than by precise
responses. For example, if a respondent said that their compady6Baemployees, it wasanded

with firms that hadbetween 50100 employees. Similarly, where responses categorised as 0, 1, 2, 3
and 4 for assessing the extent of impact or extgfntise of a coping strategy, it made sensedatiapse
0into 0; 1 and 2 into 1; anBland4 into 2

A willingness to pay astion does not necessarily incentivise truthfulness. Respondents might feel
duty-bound to not disclose a willingness to pay for a higher tariff for reliability, or feeHatuiyd to
not disclose the full extent to which they would be willing to pay fbigher tariff for reliability.

A further weaknessvith the surveys was their susceptibility to the honesty of the enumerators.
Dishonesty in terms of fabricated surveys was largely kept to a minimum by having the Field Manager

write a thank you email aa follow-dzLJ & 2 Sy dzY SNJ { 2 Nib Ras @issadiinitedast¢ KA & -
few weeks, and based on two sets of data analysis, it became apparent that one of the enumerators

was likely dishonest. First, she was found to be a statistically significant eaf@atWhether firms

were willing to pay more for reliable energy, at the 1% level. Secondydhacebackratio of her

respondent SYI Af afteRtReNiBitimlaré&alts weresharedin a working paperAhmed,

Baddeley, D. M. Coffmast al, 2019)6 & Y dzOK KA 3IKSNJ G0KI'y KSNJoD2dzyid SN
9 y dzY S NJ siirzepsvere@xpunged from the datsince the publication of the working paper.

TablellClue 1. Enumerator A was a statistically significant predictor of whether firms would report that they would be

willing to pay
1)
VARIABLES WTP
Exports 0.903**
(0.395)
Enumerator A 1.761**
(0.555)
food & bev 0.370
(0.416)
basic metals 0.450
(0.777)
constant -1.577%*
(0.355)
Pseudo R2 11%
Observations 140

Standard errors in parentheses
*kk p<0_01, *% p<005, * p<01

Tablel2/ £ dzS HY 9ydzYSNI G2NJ ! Qa NBaAaLRYyRSyGaQ SYFAfta o02dzy OSR

Beauty Johanna Tapiwa Nandi Mundia Enumerator A w/o A
successful contacts after 1y 8 31 27 12 5 9 83
contacts provided 12 37 35 16 6 20 106
% successful contact after 1y 67% 84% 77% 75% 83% 45% 78%

Triangulation and contextualisation: conversations with key informants
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In addition tothe primary data collectionunstructured interviewsvere heldwith the key informants
listed inAnnex 2 to help triangulatesurveyfindings and improve understanding thfe context of
%l YOALF Qa 2dzil 3Sao

This chaptesetthe objectives of primary dat 02t f SOUA2Y AYy | GaRsNBtea Ay 3 G
impact of paver outages the design of processes to collect the required data, and an evaluation of

the execution of the surveys to collect datBhe next chapters present and interpret tineostly
guantitativeresults of the primary data collectedrough descriptivestatistics and regression analysis
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5. Results otthe manufacturingsurveys interpretations and discussions

The greatest costs of power outages are extra staff payments, damage to equipment and damage
to reputation. Firms that use generators evidently experience a marginal cost of greater than USD
0.25/kWh ofgrid-energy loss. The most popular interventionsndigating damages are the use

of surge protectors, voltage regulators, capacitors, delaying production and using diesel
generators Following the frequent and severe power outages of 2015 and 2048 Zambian
manufacturing firns purchased generators for the first timehe use of diesel generators are
associated with reduced delay in meeting customer orders. Delays are associated with a loss in
clients.Predictors of thénstalled capacity ofenerators are different from predars of the extent

to whichthey are usedwhereas firm sizia employees predicts generator capaciybsector and
perhaps other factors such afether a firmexportsor is foreigrowned predict the extent of self
reported useThe data suggest that bacsmetalsfirms purchase generator capacity but might not
have the working capital required to run them to the exteévat they would likeZESCOa & S@S NI €
tariff hikesin 2017 had no apparent effect omlectricity consumption by firmsthe largest
consumer®f which were paying the lowest tariffsow tariffs may in fact be more uneconomical

for firms if they result in greater power losses due to lack of funds for additional power generation
infrastructure The (miimal) difference between peak and-gi¢ak tariffs seemed not to be having

an dfect onconsumptionA quarter of firms did not receive reliable or any communication from
ZESCO, resulting in distrust and unwillingness to commit to paying higher tardéfspémently

more reliable electricity.

Havingdesigned a method for collecting data to respond to the objectives of a survey aimed at

dzy RSNARGFYRAY3I GKS AYLI OG 27F L ¢S Ndiszhigitdpies&ds 2y %I )
and interpres the results of the manufdaring survey, and discuss their valadd to the literature

on the impact of power outages on Zambiaanufacturing firms and on manufacturing in general.

Because of theeveral iterations thathe survey underwentall thefirms were not albsled thesame
guestiors. Also, for idiosyncratic reasons stemming from either the respondent not answering a
guestion or an enumerator missing asking a question, even when the question was to be put to a firm,
a response was not necessaeljcited, thus resultingn, for example, 122 responses to the question
about whether firms reduce output as a response to power outages, versus just 34 responses to the
guestion about whether firms udgackup data systemsThis is whyhere areadifferent numbers of
responses to different questiongll of 9 y dzY' S NJ résdltdhaveCbéen expungedesulting in a
sample of 23firms.

5.1 General characteristics of tleanufacturingsample

The geographical breakdown of the survey was as follows:
- 90% ofl13respondents were located in industrial zones or a Mi#cility Economic Zone
- 71% ofrespondents were based in Lusak&%d.in Kitwe and4% in Ndola

The internationatharacteristics othe samplewere such that
- 35% of P3respordentsreported that they export
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- Of these, onlyl exported or had exported outside of Afri€@A3 of questionnaire iAnnex
2a). 3 of these firms exported to Chif20One firm exported to India previously but no longer
exported anywhere. One firm exported to India in addition to China.

- 58% of42 questioned firms were majority foreign own€@A5 of questionnaire iAnnex

24a).

Noting that thesurvey assessing the impact of power outages necessarily suffers from survival bias,
the number of years of manufaating experience of firms in treamplemay be fewethanthey would
have been had there not been the power outages of 2015 and 2016.

Personnel at companiesvere askedfor the number of years of that their firms had been
manufacturing Theirresponsesvere not countercheckedwith official documentsn most instances,
so their responses should be takenaggproximations and quotinthe maxmum number ofyears of
experience may therefore be misleadifidhe median years of manufacturing experience wasahd
the interquartile range wag-34. The least experienced firmhose staff werdnterviewedwas less
than a year old. The firm with thiengestexperience was older than Zambiaving been formed

before independence

Tablel3Years of manufacturing experiencelie sample of manufacturing firms

Measure Years of manufacturing experienc

median 15
standard

deviation 19
mean 22
upper quartile 34
lower quartile 7
min 1
max Before independence

Source: Manufacturing survey

14 of 119 companies i(e. 12% of the sample) for which production hour datavas collected
manufactured 24 hours 7 days of the week. However, the interquartile range of production hours was
48-89 hours. The distribution of production hours is represented by the below histogram.

Figure9 Histogram and averages of prodiam hours ofthe sample

Weekly hours worked

119 Sample
168 Mode
75 Mean
48 Lower quartile
53 Median
89 Upper quartile

53 Since his information is largely irrelevant to this study, this will not be discussed further, except to note that this tallies
with the findings of Sutormina et g2019)who found that flows of official finance from China resulted in exports of

manufactured goods from Africa to China.
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Weekly production hours
90

# firms

[0, 28] (28, 56] (56, 84] (84,112]  (112,140] (140, 168]

Hours

Source: Manufacturing survey

5.2 Ranking the damages incurredarge manufacturing firm N2 Y %9 {/ h Q& 2dzil 3Sa

Respondents were asked to rank the various ways in which power outages imposed costs to them on

ascaleof @6 AGK n NIYylAy3dI 4 aR2Sa y2i0 Oldz&aS¢és m | a
Y2RSNI}I 0SS RSINBS¢€IT o |a aOlFdzasSa G2 | YIFI22NJ RSANEB

With the exception of outages related to lapses in securityplanned outages did mie damage than
planned damagefor alltypes of damage recordedHowever, 35 (24% of) firnssirveyednterviewed
said that they received no natifications of or unreliable notificationZBSC©utages. This meant
that all outages for these firms were aadas they could possibly iidey could not plan for outages.

Besides extra security costs fronxte pay and transport costs for staff to stay on to work was the
most common cost of power outages, followed by damage to equipment, damage to firm rigputat
and damage to inventory. The masrious cost, loss in clientg, ranked8™ of the 6 types of damage
across planned and unplanned outages.
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Figurel0 Mostcommon & severe costs of power outages for manufacturing firmsAygilist 2018

Planned: inventory s (.34
Planned: equipment m————— 0.42
Planned: loss in clienta—————— (.79
Planned: reputation m—-—————ssssssss——— .95
Unplanned: loss in client . e 1 .07
Planned: staff m——ssssssssssss—— .13
Unplanned: security e ] .22
Unplanned: inventory ma e | .32
Planned: security m e | .44
Unplanned: reputation m . | .45
Unplanned: equipnme i mmmmm e | 47
Unplanned: staff e | .G 3

020 040 060 080 100 120 140 160 1.80
Average score {9)

Source: Manufacturing survey
Discussion

Figurel0adds to an understanding of how large Zambian manufacturing firms rank the various costs
of power outages.

Given the high number of responses elicitedFayurel0, ranging from 7921 for any given variable,

the average cost values and relative values are credible. The findings support the thesis and findings
of others(Pasha, Ghaus and Malik, 1989; Dibomd &@amo Tatietse, 2013hat planned outages
considerably reduce costs when they come with notification. Unplanned outages resulted in additional
costs due primarily to extra staff costs, secondly due to damage to equipment, thirdly due to damage
to firm reputation and fourthly due to damage to inventory. By contrast, for planned outages, damage
to equipment was on average considered to be 3.5x less costly, and damage to inventory was
considered to be 4.7x less costly. For planned outages, extra stiff @gain ranked higher, but so

too did damage to firm reputation and loss in clients.

The only cost for planned outages which exceeded the same cost for unplanned outages was for
security. This was presumably because it allowed firms to prevision foahyersonnel to secure
premises when firms could expect security lights to go out.

This study also found that a quarter of ZESCO clients said that they never received notifications or

accurate notifications for planned outages, meaning that in effedt, Zth Q& FI Af dzNB G2 NBf
I OOdzNY GSte& gla Oz2aidAay3a Ada OftASyida Y2NB® ¢CKAA A
more reliable energy.

5.3 Ranking the use aofitigation strategiesised by large manufacturing firms

The number of responses for each type of coping strategy varies beaddgmnalcoping strategies
were added to the survewhen they were first elicited from firmgee QB2 of the survey Annex

23). Selfgeneration appeared as third most popular mterventionif the use of surgerotectors,

voltage regulators andapacitorawvere collapsed into one type of mitigation strategy
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Figurell Popularity of mitigation interventions for manufacturing firms Apuigust 2018

Lay-off workers mmmm— (.41
Back-up data systemm— 0.85
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Delay production m . 2. 30
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Source: Manufacturing survey
Discussion

Figurell addsto an understanding of popularity of interventions by large Zambian manufacturing
FANYa G2 YAGAIFGS 3FAyad LR6SN 2dzit3Saoe ¢KS
interventions, such as delay in production, reduction in output, reschedulingges®rand laying off

workers, may have been understood by respondents to have been results of power outages, as
opposed to coping mechanisms. Still, it tells us that interventions to mitigate against damages to
equipment and inventory are the most popul@elfgeneration is behind that. Larger inventory is

behind that.

Generator recordshowed that firmsiused their backup diesel generators more in 2015 and 2016 than
in 2017 and 2018.

Generator records also showed that firmere stillusing backup diesgenerationas recently as June,

Wdzt & FyR ! dz3dzad Hnmy>X gKAOK RAR Y(ZESCOeOma@amsR, ¢ A (K
personal communication, 6 June, 2018): that load shedding came to an end in 2016 and that only
maintenance outages take plac& &undays (it is possible that the power outages were not due to
f2FR AKSRRAY3I o0dzii 2GKSNJ FFO0U2NBR AYLI OGSR-08& LR?2
shedding schedules past 2016, but shows none more recent than March(Z2B$TO Ltd, 2017d)

If data had been collected in 2019, it is thought ggheration patterns would have been closer to
2015 and 2016 patterns than to 2017 and 2018. Although 300MW of coalyhatgbeen added to
0KS 3INARI Y2ald 2F %9{/ hQa LIRoSNI OF LI OAGe O2yidAyod

5.4 How the costs of power outages differ firms using differing coping strategies

In addition tothe damages incurred froMESCQ& 2 dzii I 3 S asedicd 27 aBdRhe lusé of A y
mitigation strategies looked at isection5.3, this section looks at the association between the use of
mitigation strategies and extent of damages incurred.
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In chapter4 Weaknesses of thenanufacturingsurvey the weakness of asking respondents to rank
costs and the extent of use of coping mechanisms on a scald efds both discussed thestically

and shown to be evident with a return to the pilot survey company. For this reason, responses were
collapsed into narrower bands: 0 remained O, but 1 and 2 weigategorised as 1 and 3 and 4 were
re-categorised as 2.

Below is a table of thesee-categorised variables in vatie Tobit regressions, with the extent of
damages incurred listed as the dependent variables and the mitigation strategies listed as
independent variables.

Tablel4 Tobitregressios for costs of power outages agaimsitigating strategies

v L4 v v v 14 L4 v

Model 1) ) ®) (4) (5) (6) @) (8)
| 2yaSljdzSy0sSa m Loss in clients Use of Damage to equipment Damage to inventory Use of capacitors
Coping mechanisnm@ Planned outageUnplanned outage delay  Unplanned Planned Unplanned Planned VR, PFCUs
Capacitors, voltage regulators ~ 0.135 0.381 " 00505 0201 " 0.0827 0.360%% 0.170
power factor correction units ~  (0.126) (0.283) " (0.0795) " (0.138) ~X_  (0.0749) " (0.173)
Delay recat 0.516%+ 1.145%* " 00285 " 0.383* 0.0253
" (0148) "  (0.389) " (0164 " (0.0 (0.204) (0.110)
Self-generation recat " 0151 " -0.228 -0.357+ " 0.0402 " -0. 0.110
" ©0137) " (0.290) "(0.0788)" (0.151) ~  (0.0821) (0.0997)
Larger inventory recat " 00341 " 0.218 " 0110 " 00516 " -0.115 -0.0502
" (0136 " (0.283) " (0.0855)" (0.150) ~  (0.0788) (0.0988)
Resch workers recat " 00820 "  0.00800 0.261=+ " .0.108 -0.0159 ) -0.171*
" (0141) "  (0.281) "(0.0864)" (0.156) "~  (0.0810) (0.194) (0.127) (0.102)
Damage to inventory during 0.101*
unplanned outages " (0.0485)
Constant " 0326 7 0.115 1321 1.027%* 0.384* " 0206 " 0.0311 1.224%+
" 0351 " (0.367) " (0178) 7 (0.387) " (0.206) " (0483 " (0323) "  (0.230)
Pseudo R2 6% 6% 13% 2% 3% 2% 3% 4%
Observations " 115 " 81 S R - 81 " 15 T s T 115
regression run tobit tobit tobit tobit tobit tobit tobit tobit
Standard errors in parenthese$®™ p<0.01, ** p<0.05, * p<0.1
Model "9 7 1o (11) 7 (12)
| 2yaSljdsSy0Sa s, Firing staff Damage to reputation
Coping mechanisma Unplanned Planned Unplanned Planned
Capacitors, voltage regulator = -0.202 " -0.0750 ~ 0.0887 4 0.111
power factor correction units ~ (0.160) ~ (0.162) ©  (0.0772) " (0.0808)
Delay recat " 0283 " 0.0651 0.219* 0.181*
" ©0.189) "(0.193) "  (0.0905) "  (0.0954)
Self-generation recat " 0170 " -0.120 7 -0.0686 -0.173*
" (0174 "(0.178)"  (0.0838) "  (0.0881)
Larger inventory recat " .0.00817 " -0.0492 -0.153* f -0.0282
" (0173) " (0171 "  (0.0827) 7 (0.0841)
Resch workers recat 0.453*  0.379* " 0.0954 " 0.00931
” (0.180) " (0.175) "  (0.0862) "  (0.0865)
Damage to inventory during
unplanned outages
Constant 1.046**  0.976** 0.639*** 0.482**
" (0.447) " (0.447) 7 (0.215) d (0.222)
Pseudo R2 3% 3% 3% 3%
Observations " o115 7 81 T 114 g 80
regression run tobit tobit tobit tobit

Standard errors in parenthes

Source: Manufacturing survey

Models 1, 2 and 3
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Where the extent to which clients were lost was reported dueriplanned outages as the dependent
variable on a recategorised scale of-B, delay in manufacturing as an independent variable was
statistically significant at th&% level, with a positive relationship between the two, suggesting that
delays in production may not in fact have been interpreted by respotsdém mean a coping
mechanism but rather a symptomAlthough selgeneration is not a statistically significant variable,
increase in its use correlates with a decrease in loss of cli@ifis. model likely suffers from
endogeneity between use of delayingoduction and loss of clients, and interaction between the
independent variables setfereration and delayed productionTo test this, model 3 has been
introduced with use of delay as a mitigating strategy as the dependent variable.

Model 3shows two stéstically significanindependent variables with pseudo Rsquared result of

13%c¢ the highest reading from among all the models. An increase in the use afesadfation is

associated with a decrease in delayed production. An increase in reschedolikgrsvis associated
with an increase in delayed production.

In terms of descriptive statistics, 61 firms that reported use ofgelferated energy at levels 3 and 4
(on a scale of-@) reported an aggregate score of 65 for total loss of output, whexe respondent
could score loss of output betweerd) On average, the score of loss of output was 1.07. By contrast,
thosethat did not use seffjeneration at all, or at levels 1 or 2 on the scale-dfr@ported an aggregate
score of 120 for loss of outpuOn average, the score of loss of output was 2.00. Hence using
generators at least to a major extent resulted in firms reporting loss of output by almost a half of what
firms that did not use generators to a major extent.

Similarly, 61 firms that reported use of sginerated energy as a coping mechanism at levels 3 and 4
on a scale of @ reported an aggregate score of 44 for rescheduling workers, where one respondent
could score rescheduling workers betweed.00n averge, the score of rescheduling workers was
0.72. By contrast, those that did not use sgdheration at all, or at levels 1 or 2 on the scale-df O
reported an aggregate score of 103 for rescheduling of workers; an average score of 1.72 for
rescheduling wikers. Hence using generators at least to a major extent resulted in firms reporting
rescheduling workers by 2.4x less.

Models 4, 56, 7, 8

Models 4, 5, 6 and 7 look at the effect recorded coping strategies have on damage to equipment and
to inventory.

There are no statistically significant predictors of damage to equipment or inventory for planned
outages (model$ and 7). The use of voltagregulators, capacitors, or power factor correction units
are a statistically significant and positive predictor of damage to equipment and inventory for
unplanned outage$¢models 4 and 6)This result is the opposite of what would have been expected
and suggests enageneity. For this reason, model 8 has been created, where voltage regulators,
capacitors and power factor correction units are the output variable as a mitigation strategy, and
damage to inventory has been found to be a statistically signifiseedictor at the 5% level.

Delay in production as a mitigation strategy was also a statistically significant predictor at the 10%

level for damage to inventory caused by unplanned outages. The positive correlation also suggests
endogeneity.
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Whethera firm rescheduled its workers was found to be a statistically significant negative predictor
of whether it used voltage regulators, capacitors or power factor correction units.

Models 9 and 10

Models 9 and 10 look at the downsizing of staff as a chstqependent variable). The only statistically

significant predictor from those investigated is rescheduling of workers, but this is positively rather

than negatively associated with the downsizing of staff. Again, this could be the result of respondents
uyRSNEGIFIYRAY3I WNBAOKSRdzZ Ay3a 2F ¢2NJSNAQ a | aey
or not it is a symptom or coping mechanism, the rescheduling of staff seems to be an intermediate

step before they are let go.

¢KS adNBSe Qa NKRI@det predlict he dedvnaizing &f StadftivBen these were included
as independent variables (not shown in the above table).

Models 11 and 12

With damage to firm reputation set as the dependent variable in models 11 and 12, several coping
mechanisms apmr to be associated. For unplanned outages, delays in production are positively
associated and statistically significant at the 10% level. Again, delays in production may have been
understood by respondents as a symptom rather than as a coping mechanism.

Larger inventories, a statistically significant coping mechanism at the 10%oleweplanned outages
seem to be an effective mitigation strategy.

Seltgeneration is a statistically significant mitigation strategy for planned outages, reducing damage
to reputation.

Capacitors, voltage regulators and power factor correction units are positively associated with damage
to firm reputation The positive association does not make sense in terms of causality; rather the
relationship probably indicates that firms which suffer from power outages to the extent that they
suffer reputational damage are also firms that use these technologies igatdtagainst damage to

their equipment and inventory.

Discussion: efficacy of firm interventions in mitigating the costs of power outages

Table14 addsto an understanding of the efficacy of various interventions in mitigating the costs of
power outages to large Zambian manufacturing firffise use of larger inventories was negatively
and statistically significantly correlated with damage to firm repiotafor unplanned outages.

The use of capacitors, voltage regulators and power factor correction units is statistically significantly
positively correlated with damage to inventory for unplanned outages and damage to firm reputation
for planned outages. Heever, this probably indicates reverse causality, as an alternative regression
shows: damage to inventory is a positive and statistically significant predictor of use of capacitors,
voltage regulators and power factor correction units. It is also usefiolaio at descriptive statistics to
make sense of the result?20% of firms that had a voltage regulator, capacitor or power surge factor
unit saw damage to their inventory or equipment, in contrast with 40% of firms that did not have
these seeing damage their inventory or equipment. Firms using these interventions therefore seem

to have decreased their chances of damage by 50%. A faltostudy with semstructured interviews

could confirm the flow of cause and effect.
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Selfgeneration marginally missesut being a statistically significant negative predictor at the 10%
level for loss in clients for unplanned outages. It is, however, statistically significant at the 1% level as
a negative predictor of delay, which in turn is a statistically significeedigtor at the 1% level as a
positive predictor of loss in clients for both unplanned and planned outagesg&wedtation is also a
negative predictor at the 10% level of statistical signifteghior damage to firm reputation resulting
from planned outags.Although the flow of causality is a logical one and one would not expect reverse
causality in these instances, to address criticisms of endogeneity through resaarsality, gollow-

up study with the same firms could clarify through sestnuctured nterviews what caused loss in
clients, what caused production delays, how far-gelfieration mitigated these, and how decisions to
invest in seHgeneration capacity and then use sgéneration were made on an @nte and on an
ex-post basis.

That morethan 95% of firms that have access to a generator use their generators in spite of its high
running cost of circa USD 0.29/kWh shows that they see value in using them. That there was a spike
in acquisition of generators in 2008 suggests that there wamtatemand for them prior to the duty
waiver introduced in 20085overnment of Zambia, 2008)r their import. They help mitigate against

loss of welfare. From a public policy perspective, thenirtimport into the coutry should continue
unimpeded.

5.5 Identifying firm characteristics that can be used to predict differing coping strategies

Section5.4 looked atthe associationbetweencoping strategiesnd costs of outagesThis section
looks at predictors of coping mechanisms.

5.5.1 Predictors of whether firms keep more inventory as a coping strategy and reschedule workers

Tobitregressions were run to find the predictors of the last two independent variables identified as
coping mehanisms imablel4. The below modelg Tablel5 are the best fit.

For keeping larger inventory, two vabias were found to be statistically significant predictors: the
number of hours was statistically significant at the 5% level, and whether a firm rescheduled workers
was statistically significant at the 1% level. The greater the number of hours a firnfanamad per

week, the more likely it was to use keeping larger inventories as a coping strategy to power outages.

If a firm rescheduled its workers, it was likely to also keep a larger inventory. The same is also true for
firms that rescheduled workers: if a firm keeps a larger inventory as a coping mechanism for power
outages, it is more likely to reschedule workemsd this association also holds at the 1% level of
statistical significance.

There were two other statistically significant predictors of whether a firm would reschedule its
workers, both at the 5% level of significance and both as negative preditisesof selyeneration
reduced the need for rescheduling workers, and the number of hours a firm manufactured was also
associated with a reduced need for relying on rescheduling workers. Together, these predictors
suggest that lessvell-resourced firmgesorted to rescheduling their worker$he intuition is that
reschedulings an easier optiofor smaller firms withoubackupgeneraion capacity
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Tablel5 Variables associated with firms keeping larger inventories and reschgdubrkers

reschrecat 0.353***
" (0.08%1)
selfgenrecat " 0.002 -0.199**
" (0.0879) (0.0827)
employees " 0000151\ "  8.92e-05
" (0.000510) (0.000491)
exports d 0.00361
" (0.161)
hoursweek 0.00428** -0.00403**
" (0.00176) "\ (0.00177)
basicmetals " -0.126
" (0.276)
invrecat 0.362***
g (0.0872)
Constant " 0.0957 0.997+
" (0187) " (0.159)
Pseudo R2 7% 9%
Observations " 117 " 117
Regression tobit tobit
Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
Source: Manufacturing survey
552t NBRAOG2NE 27F | T A N¥engratiarand prédictery of drybiggliselofy Sy G Ay

backup generation

5.5.2.1 Time as a relevant factor in the purchase decigjalescriptive observations

Of 20142018, respondents at firms regarded 2016 as the worst year in terms of production losses,
followed by 2015. 2017 was worse than 2018 (QB1bbb of questionnainenax ).

Surviving firms reported losses towards thgher spectrum of 180% in 2015 and 2016. Even in
2018, firms were on average reporting production losses 5%

Table16 2016 saw even worse production losses than 2015, with surviving firms reporting losses on the highen gfect
16-30%. Even in 2018, firms were on average reporting production lossd$%s 1

Sum of &4 responses 47 66 92 73 40
Number of responses for year 42 42 38 32 25
Average score for year 1.12 1.57 2.42 2.28 1.60
Ranked in terms of worst year 5 4 1 2 3

Source: Manufacturing survey

To ensure robustness of results, the average of results obtained for a year was used rather than the
aggregate score, which would have been skewed towards the more rgeams for which more
respondents remembered their experiences, or for which respondents were able to talk about their
experience at the firm they were serving at when intervieweatbie responses were received for
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more recent years Respondents were asket rank a year 84 for losses. 0 represented no losses in
production, 1 represented-15% losses of targeted production, 2 representeeB086, 3 represented
31-50% losses and 4 represented mahan 50% of lossed.0 account for the greater number of
respases for the most recent years, the aggregate score for a given year was divided by the number
of responses for that year. With this, 2016 and 2015 ranked as worse years than the most recent years,
meaning that even after discounting for what happenedhe turther past, respondents still rated
these years as the worst for power outages.

Purchaseyear2 ¥ FTANX A Q 25 vwasS dafa that SvisSchlllediied Nécause it whsectly
observable by enumerators looking at the year written on generatorshisway, it is not a piece of
datum that can be mistakenly reported by a respondent. It may possibly be a good proxy for the year
in which first generators bought by firms if firms were not replacing damaged generators. This rests
on the assumption that genators are resilient and have long lifespans. Whereas 3 firms reported
damaged generators that they had not replacédjrms purchased their oldest generators in use
before 2008, with the oldest generator in use having been purchased in 38@&4it of 79 firms (45%

of firms)bought their oldestunning generators before the power outages of 201bis would seem

to support the notion that at least a large portion of generators still in use in 2018 were resilient.

2008 was the year in which the Zambianvgmment waived duties on imported generators
(Government of Zambia, 2008Fhis could explain why 2008 is a modal year for the purchase of
generators in the years up to 2013.

If the year ofLJIZNOK I &S 2F FANNXAQ 2f RSad 3ISYSNIG2NER Aa
oldest generators, thenhie modal year for firstime purchases of generators was 2016. T9f

responses, 2(27%) of firms bought their first generator in 2016, whi&(25%) of firms bought their
first generator in 2015. Together, 2015 and 2016 accountedZ¥s &f firsttime generator purchases.

Figurel2 Year in which first generator in use was purchased
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Source: Manufacturing survey

The correlation between the scores for how bad each year between-2018 was imablel6above
and the number of generators & were purchased in 2012018 & 97%- seeFigurel3.
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Figurel3Number of firsgenerators bought by year; average score for lobgegear(x10 from Table 16)
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Source: Manufacturing survey

5.5.2.1.1Worst months generally for outages

Enumerators were asked to explore the seasonality of outagiess is relevant knowledge for
manufacturing firms to be better prepared for when to expect power outaljgsety-five voteswere
castin response tothe question of what months were worst for power outagedy 31 distinct
respondents October was noted as the worst month for outages, follow®sd November and
September The month least reported for worst outages was April, which is in the dry season and
whenZESC@Qroduces less than average energy.

Figurel4 Months rated as the worst for power outages
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the wortst for power outages

Source: Manufacturing survey

Discussion: How worst months for power outages caexpéained

Figure 14 illustrated how firms ranked months for worst power outages, reproduced as the navy
columns inFigure 15 below. Juxtaposed with average precipitation data as well as for energy
consumption in 2014 to 2016, it becomes apparent why October ranks as the worst month: it follows

months of no rainfall. Hydropower reservoir levels will be at thewrdst.
The political economy of the energy mix of hydropower dependent developing natarase study of Zambia 84



Figurel5 October follows months of no rainfall is the worst month for power outages
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Sources: Manufacturing survegESCO Ltd, 20d; World Bank, 2018d

5.5.2.1.2 Observed generator usage

Six large manufacturing firms shared their generation bguer month for varying period#\s the
graphs show, the most concentrated period of outages was betwdine 2015 and October 2016.
There was extreme use of sgiéneration in November and December 2017 for a particular company,
and several companies were still using-gmheration as late as April, May, June and July, 2018.
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Figurel6 The seHgeneration hours/month profiles of 6 large manufacturing firms, Dec 20dy12018. Note: empty bars
do not necessarily mean no generation hours that month
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Lusaka conglomorate, 168h/week, >1,500 employees

Lusaka soy products, 168h/week, >150 employees

Source: Manufacturing survey

In focusingon the hours of sel§eneration for the period January 20Eebruary 2017 for two large
food and beverage companies, one located in Kitwe and one in Lusbhkapmes apparent thahe
seltgeneration patterns are an almost perfect inflection of caeother, suggesting that outages
between the two citis could have been alternating.

Figurel7 Selfgeneration hours/month profiles of one large manufacturing firm in Kitwe and one large manufacturing firm
in Lusaka, Dec 201uly2018. Note: empty bars do not necessarily mean no generation hours that month
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Source: Manufacturing survey

Diesel use by a large beverages company dramatically taifed 2017 when reservoir levels
returned to normal.

Figurel8Diesel use by a large beverages company in Lusaka, Jad202618
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5.5.2.2 Ownershipate versus usage ratedescriptive observations

Of 123 firms asked90 (i.e. 73%)responded that they had acquired use of a generator, through one
mechanism or another (if not from ocuight purchase and sole ownership), and 1 firm responded that
they were waiting fo the shipment of a generator.

By contrast81 out of 122 firms (66%) said that they used their generatae. not all firms that had
acquired access to a generator used them. The discrepancy for 3 firms that had acquired use of a
generator at one time but did not use it was explained by the fact that their generataeswedonger
operational. One of them was engaged in trying to repair its generator. The other two did not report
trying to repair or replace their generator. Taking these three firms out of consider&damyt of 87

firms (93% of firms)that had had acess to a generator and whose generator did not break down
continued to use their generator.

5.5.2.3 Econometriobservations

Twodifferent types of regression modelere run to invesgatethe predictors of scale of investment

in seltgeneration and etent of use of selfjeneration, to see how they differeén ordinary least
squares regression model was used to predict the kVA of installed generator capacity that firms
invested in by various characteristicsince the dependent variable of kVA ingdllcapacity was
continuous Since ordinal logistic regressianalysiglid not return Brant testsTobitregressions were

run identify which firmlevel variables impacted the extent to which sgéneration was used since

the dependent variable came in therm of ordiral outputs O for no use, 1, 2, 3 and 4 for use all the
time.
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Becausean OLSegression modelvasusedto predict installed capacity and a Tobit regression was
used to predict extent to which the generator was used, direct comparison ahe predictors of
backup generation and predictors of backup usage cannopiowided This does not meara
comparison igmpossible.Satistically significant predictors fargressions can be comparednd
whether the impact they have has the same direction of impact.

Regressions were run against at mesvenindependent variables at a time, because of the limited
number of observationsBelow is a table with those variables that were found to hstaistically
significant associations with the dependant variables, and the models of best fit.

According to the Bquared and pseudo-8guared scores of the two models, the explanatory value of
the regression models for predicting sgineration capacity is greater than the models for predicting
extent of generator use. This may be a function oher output data for the former: the installed
capacity had a larger range and more diverse output, whereas for the ordinal logistic model, it was
just five different outputs, ranging from-Q.

Rsquared on its own is not the only metric for determinhmyv good a model is. The probability that

the joint null hypothesis that all regression coefficients are zero, denoted by the prob > chi 2 statistic,

tells how statistically significant the models are. So in the case of models/Bereas models 7 and

8WAUK (GKS AYRSLISYRSY(G @GFNAFotS Wy2id %l YOAlLY 26YS
less statistically significant than models 6 and 9 which have wood as a variable. In regressions where
Yy2(i %IYOoAlLY 28YySRQ 61 & A ywith Ndbd Rood was dutgmaticgllR S LIS ¥y R
omitted by Stata.

Tablel7 Comparison of ownership of backup generation capacity versus extent to whigersedation is used
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@) @ ©) Q) ©) ©) ) ®) ©)

Installed generator capacity, kVA Extent to which self-generate, 0-4
employees 3.617%* 3.639%* 6.045%* 5795+ 3432+ |0.00176* 0.00151  0.00237~ -0.000150
" (0.509) " (0.517) " (1.295) " (1.282) " (0.509) [(0.00104)(0.00179)(0.00167) (0.00124)
exports [ 2202 " 2381 " 4388 " 318.8 " 150.1 | 0.773* " 0.720 0.622*
" (157.9) " (159.1) " (431.3) " (430.9) " (158.3) [ (0.321) " (0596) " (0.320)
hoursweek 3.036* ~ 2891 ~ 0.369  -0.375 ~ 2.702 [ 0.00274” 0.0p487 " 0.00618° 8.67e-05
" (1.751) " (1.786) " (3.658) ~ (3.$25) " (1.740) [(0.00354)(0.00487)(0.00482) (0.00360)
notzambian " 4179 " 2435 1.080%* 1.184%**
" (309.4) " (3p4.8) " (0.420) '30.418)
basicmetals " 56.15 " -808.4 " -532.4 " 105.0 |-1.347* -1.657* '1.728* -1.339*
" (328.6) " (640.3) " (654.5) " (325.4) [ (0.558) " (0.884) " (0.896) " (0.655)
o0.wood - - 4
wood " -353.6 7 .142.9 |-1.751% -1.604*
" (394.5) " (391.9) [ (0.803) " (0.789)
selfgen " 164.9 117.7%%*
" (108.3) " (44.30)
var(e.selfgen)
kva 0.000526***
r
] ., . i i (0.000192)
Constant -254.0~ " -2335 " -354.7 " -415.3 -420.27*|1.462%* " 0320 " 0241  1.708**
" (142.3) " (147.6) " (367.0) " (362.7) " (159.9) [ (0.287) " (0.474) " (0.477) " (0.298)
Observations 114 " 124 7 42 7 42 7 114 [ 119 " 43 7 43 " 114
R-squared/Pseudo R-squargd 45% 45% 55% 58% 49% 5% 10% 9% 6%
Prob > chi2 0.05% 0.68% 0.56%  0.02%
Regression model linear linear linear linear linear tobit tobit tobit tobit

Standard errors in parentheses; *** p<0.01, ** p<0.05, * p«
Source: Manufacturing survey

{AYAT I NI &2 UGKS AyOf dzad ndegendrE vainlSseewgdaihavie BnYimpact y 2 4
on other variables: in OLS model 4&éems tchave beerresponsibldor the negative coefficient sign

of hours of production per week, which otherwise hagasitivesign and was statistically significant

at the 10% level in model 1. It also might have been responsible in model 4 for making extent of self
generation a norstatistically significant predictor, whereas in model 5, -gelfieration extent was

statistically significant at the 1% level.

The one definitive result from the OLS models Is that firm size in terms of employeesas
statistically significant predictor of the amount of installed kVA ofgetferation capacity.

Despite their lower Rquareds, models -® yield more predictors of the extent to which firms self
generate.

Whether a firm belongs to the basic metals subsector is a statistically significant negative predictor of
the extent to which firms seljenerate.Wood is similarly atatistically significant negative predictor
6KSY y20G 2YAGGSR 68 GKS AyOfdamAzy 2F (KS wyz2d %l

¢CKS OFNRFGES Wy2id %l YoOAlLY 26YySRQ A& | adldAradao

firms selfgenerate. Inclusion of thivariable seems to dampen the statistical significance of the basic
metals variableas well as aéxports which is otherwise a statistically significant predictbmcreases
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the TobitNB 3 NB & & A 2-yquared $e@ds,3bd also makes the overalldele less statistically
significant.

Extent to which sel§eneration is used and installed capacity are statistically signifipredictors for

one another, although extent to which a firm sginerates is not a sensible predictor for installed
capaciy sincethe extent to which a firm can generate electricity would only happen once generation
capacity had been installed.

These results are at great variance to the results in the working pgjdened, Baddeley, D. M.
Coffman.et al,, 2019) due to the impactof dxddzy AA Yy 3 9y dzYSNI G2 NJ ! Qa NBadz i

Finding that basic metals and wood were predictors of less use efjaedfration, | wanted to see
what the effect would be orworkers. Basic metals subsector was statistically significantly and
positivelycorrelated with delays in production (modeli Table18) and also with a loss of clients
when unplanned outages occurred (model 4), but not with rescheduling workers (model 1) or firing
staff (models 5 and 6). The wood subsector was not a predict@ny of theseoutcomes

Tablel18 Tobit regressions of various dependent variables run on the basic metals and wood subsectors and on self
generation use and rescheduling workers

@ @ (©) Q) (©) (@)

| 2y&aSljdzSyo0Sa rm planned outagesunplanned outagesplanned outagesunplanned outage
/ 2 LAy 3 YSC resch workers recat  delay loss of clients loss of clients firing staff firing staff
basicmetals -0.0422 1.084* " 0.118 0.845** " 0461 " 0.0765
(0.291) " (5000 " (0444 " (0.418) " (05220 7 (0.505)
wood 0.1382 " 0189 " -00355 0.503 " 0264 " 0.489
" (0.425) " 0733 " (0669 (0.611) " (0764 " (0.760)
selfgenrecat -0.251%+* -0.712%%* -0.286* -0.297* " 00396 -0.143
" (0.085) " 0153 " (0145 T (0.129) " (0.160) " (0.165)
reschrecat 0.494%++ " 0.0411 g 0.191 0.541** 0.381**
" (0156) " (0.146) (0.131) " (0164 " (0.166)
onstant . . . . . .
C 0.987*** 2,673+ 1.104%%* 1.204%%* 1.203%+* 0.971%
" (0.131) " (0274 " (0269) " (0.233) " (0200 " (0.306)
Prob > Chi2 2.9% 0.0% 30% 0.3% 2.0% 9.1%
Pseudo R2 2.9% 9.4% 1.8% 4.1% 2.6% 2.8%
Observations 122 " 120 T 86 g 119 120 " 86
regression run tobit tobit tobit tobit tobit

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
Source: Manufacturing survey

5.5.3Discussion on the predictors of coping mechanisms

The number of hours a large Zambian manufacturing firm operates is a positive predictor of whether
it will keep larger inventories and use capacitors, voltage regulators or power factor correction units.
For the former, whether a firm reschedules its workers is also a statistically significant predictor. For
the latter, as was discussed already above, damage to inventory was also a predictor.

Timing of acquisition of the use of a sginerator was 92% calated with when firms reported to

have experienced their worst power outages. Tellingly,@ge LINRE& F2NJ I FANN Q& f
and business acumen, and one that Steinbuks and Foster found to be a statistically significant
predictor of backup gemation ownership(Steinbuks and Foster, 201Q)was not a statistically
significant predictor of backup generation ownership. This suggests that many large manufacturing
Zambian firms did not perceive power outages to be a threat to their operationstprihe outages
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of 2015 and 2014 indeed this is borne out by the increase in ownership of generators from 38% of
FANVA 2¢6yAy3a | ASYSNI (2N 20aSNIBBSR T NP (BteidbkkS 2 2 NI R
and Foster, 2010, tabi1 2 T 02 AY Hnamy TFNBY { KAFRortheKe8icdRG LINR Y|
to 2006, Steinbuks and Foster had calculated a negative averagbereit figure for owning a

generator given the infrequency of power outages and the high capital cost of buyintamebuks

and Foster, 201@ut during the powecrisis of 2015 and 2016, both old and new firms saw the need

for backup generators. Timing of crisis took precedent over age of firm.

Like Steinbuks and Fost§010) the surveyfound firm size, export orientation and whether a firm
was owned by Zambian or not to be statistically significant predictors of generator ownership. My
survey analysis iffable17 shows firms with more employees had statistically significantly more
installed capacity. It does not show statistical significance for export facing firms or Zambian
ownership in this regard, but where it goes beyond SteinbuksFoster is that it examines predictors

of the extent to which firms report seffeneration. Firms that exported were likely to report
statistically significantly more sajeneration use. Firms that were not owned by Zambians, or that
were in the basic ®tals or wood subsectors were likely to report statistically significantly less self
generation use.

Regarding subsectors, the study had different findings than Steinbuks and E231€) perhaps
partly due to the lower number of observations, but also more nuanced findings because it went a
stepbeyond.

Like Steinbuks and Foster, the study found that food and beverages were a statistically significant
positive predictor of installed backup generation capacity. A former production manager at a milk
factory gave a qualitative explanation for whyifsgeneration was important for milk production,
which falls within the food and beverages subsectée. said (personal communication,2May,

2018) that even half a second of power outage would result in the reset of the manufacturing process
for eight hours because of the vulnerable sterilisation process. To prevent this from happening, the
firm used ZESCO to charge the batteries forrthiiinterrupted Power Supply machines, which they
used all of the time. Their machines were not run on ZESCO power directly. This accorded with what
Pasha et a(1989)found: that there is a major variatiometween type of industry and the cost of an
outage:continuousprocess industries are more vulnerable to spoilage and would therefore do the
most to protect against losses.

Steinbuks and Foster were able to rank in order of magnitude of coefficiertatistigally significant
subsectors for most likely to own a generator

hotels and restaurants,

food and beverages,

chemicals and pharmaceutics,
non-metallic and plastic materials,
metals and machinery,

wood and furniture.

oghkwhNpE

Thesurvey and analysis showed a similar ranking among subsectors for which there were more than
5 firms, when ranking subsectors by how frequently their firms marked the use ajessfation by
YYy23ad4Q 2N WwHEEQ 2F GKS GAYSY

1. fabricated metals

2. food and beveages

3. textiles and garments
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