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- | BACKGROUND ON THE EIUG

1. BACKGROUND ON THE EIUG

Established in 1999, the Energy Intensive User Group of Soutigca (EIUG) is a voluntary, nprofit

association of energy intensive consumers whose members currently account for over 40% of the electrical
energy consumed in South Africa. Our members collectively contribute over 20% to the GDP of South Africa.
EUG member companies are deeply invested in the economieheeily of the country and are vulnerable to
electricity price increases which can lead to lower production or closures of energy intensive industries or
result in relocation to more competitivefyriced countries.

The EIUG is a consurded organisation working for the good of the country. The group strongly believes that
energy is the engine for economic growth and development in South Africa. We are therefore committed to
working with governmenand other stakeholders to ensure South Africa has energy industries which provide
reliable supply at acceptable quality and competitive prices.

The EIUG seeks to influence the shape of the energy industry to ensure that reasonable and economically
soundsolutions are developed. The country must transition to a leeabon future; the EIUG aims to ensure
that this is done in a manner and within a tiframe that protects and maintains the competitiveness of our
economy.

| magwhd:We Are

WHO WE ARE 2016

The Energy Intensive User Group of Southern Africa (EIUG) is dedicated CURRENT MEMBERS CONTRIBUTE TO THE FOLLOWING SECTORS:
to the promotion of the interests of energy intensive users in South 7 3%
African Industry. Construction

Wholesale and Retail trade; - 3%

KEY FOCUS AREAS: repair; hotels and restaurants Transport, storage
& communication

Affordable and Sustainable energy pricing
:J Security of Supply e
= Quality of Supply 6%
o Agricult
Established in 1999, the EIUG is a voluntary, non-profit association of energy intensive Electricity, gas & water supply hﬁ:l(ilrjlguf:)r&estry
consumers whose members currently account for over 40% of the electrical energy &ﬁshiné
consumed in South Africa. Our members collectively contribute over 20% to the GDP
of South Africa.
The EIUG has significant technical expertise on energy matters. It is a respected and 27% . 48%
non-partisan organisation dedicated to working towards a sustainable energy supply Manufacturing Mining & Quarrying
industry.
There is no sector limitation for membership and we try get an as diverse array as possible
SESEEEEEEEE ELECTRICITY COST AS % OF ANNUAL EXPENDITURE
EEEEEEEEREE)
No of Companies SEBEEEREEEREDS Agriculture, hunting, forestry and fishing a 4
No of Employees Worldwide O 1186543 Mining and quarrying 16
No of Employees in South Africa % 680998 Manufacturing h iR
South African operations tumover < R809 601013 043 Hlctrcty, gas and water supply (G 25+
%South African GDP <% 20,3% GDP Construction h 164
Energy Usage (in South Africa) i 108565996 Mwh Wholesale & retail trade; repairs, hotels & restaurants o >
% Members with EE Projects il 7% Transport, storage and communication @ g%

100% = Total expenditure per sector
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- | INTRODUCTION

2. INTRODUCTION

The EIUG welcomes the opportunity to submit comments on the draft Integrated Resource Plan (IRP2016)
(assumptionsBase casand observations). The draft IRP2016 and the draft Integrated Energy Plan (IEP) were
published for public comment in the governmtegazette on 25 November 2018he EIUG was pleased at the
announcement of an extension for the submission of written comments to 31 March 2017.

The previous Integrated Resource Plan (IRP)-301Mas promulgated in March 2011 and was supposed to be
Ff&OAYy3I LIXLFYyeé 6KAOK g2dd R 0S NBPAASR o6& (GKS 5SLI N
adhered to. Since the promulgation of this (2010) iteration of the IRP there have Siggificant economic

and structuraldevelopments in the energy sextin South and Southern Africa, not least in the

energy/electricity demand outlook and supply performance.

The EIUG made a presentation at the public hearings hosted by the DoE on the IRP2016 on 7 December 2016
While highlighting the unprecedented shaiteframes for written comments and public hearings, the EIUG
preliminary review foundhreekey flaws in the assumptions used for the IRP2Ba§e case

1 The demand assumptions

I The cost assumptiorfer renewable technologies

1 The annual caps placed on ravable resources

The group and other associations have undertaken a more detailed review of the available information in the
IRP2016 and commissioned technical work from industry experts to support our comment. THeaEIUG
engagedhe Council for ScienfifO 'y R LY RdzAGNRAFf wSaSI NOKQ& o/ { Lwbo
Electricity Scenarios and commissioned Poyry, an international consulting and engineering firm to review the
demand forecast used in IRP2016.

The EIUG reiteratgits support forthe transition to a lowefrcarbon economy, in a timeframe and manner
which considersour developmental state and ensures competitiveness of our econ@vhyle the country has
surplus and sufficientapacity the modernization and optimization of the eleadity supply and distribution
systemshould be addressed.

While the EIUG remains technology agnostic, the country needs reliable electricity supply at the lowest possibl
cost, delivered by a build plan using technologies that offer modularity ancettikility to match the vagaries
of demand. To this end, the EIUG supports the position:that
1 TheBase casecenario should always be the least cost scenario against which all scenarios and
sensitivities are tested.
1 Additional scenarios should only imgmojustifiable and verifiable technical or policy considerations on
the least cost option
1 Bectricity price paths should lmalculated foreach scenarito quantify the cost to the country of
deviating from the least cost plan
1 Finally, waterconservatio and socieeconomic impactand costanust also be considered in the
policy adjusted scenarios.

3. CONTEXT

The IRP2016 comes at a time of significant structural changes in the electricity industry across the globe.
These changes are comparable in scopeiarhct to the monumental changes seen in the information and
communication sectors, and are not only driven by climate change imperatives, but also by new technologies
with everdecreasing costs

EIUG Comment on the draft IRP20:
EI “G Energy Intensive Users Page5
Group of Southern Aftica



- | CONTEXT

The traditional electricity industry model of a publiclityicompany building and operating largentralised

power stations worked well in thpreviouslyunconstrained world of the 20century, where bigger was better
and marginal generation costs came dolgctause obetter fuel conversion efficiencies aretonomies of

scale However, recentlyalmost all aspects of the traditional approach face increasing marginal costs. This is
due, in part,to increasing costs of environmental compliance (for coal) and safety (for nydeap)edwith

the institutionalgovernance and bureaucratic processes inherent of large public utility compdaDiesneed

look no furtherthan the current Eskom expansion plan for examples of serious cost and schedutarmer

and there is no evidence to show that any future megajects will be different.

In contrastthe cossof alternativedistributed generation resources hatalen rapidly,and all indications are
that these trends will continueThe developmental and economic aspirations of the country are understood
andsupported by the EIU@ndenergy is a key enabler schievethese aspirations Accordingly, South Africa
must draw on its abundant natural resources to supply energy at the lowest possible/¢bie it is
acknowledged that South Africa is rich in g@@ternational commitments and trends to lower carbon
emissions necessitate that coal will have a much smaller share of the generation mix in any future scenario.

South Africa is likewise richly endowed wytarround solar and wind resourcesshich dfer an alternative
future of a flexibleand diversifiecexpansion plan and lower energy costs. Although certain aspéets
flexible energy mixsuch as grid stability at high penetration of renewable resources still reovestigation
there is adeqgate time to address these challenges both from a technological and asoaimmical point of
view,asSouth Africaris still dominantly supplied by coal atwa lesser degreruclear and will be for the
short to medium term

Since 1984, nuclear gersion has been part of the energy mix, supplied by Kloebergnuclear station in the
Western CapeNuclear is a lovearbontechnologyand potential suitable sites for new units have already been
identified. However, the proven cost and time overrusgjngent safety requirements, inflexibility, lack of
national capacity to manage large build need tocbasideredn the planning for the future buildrogramme
Given the growing surplus capagitdditional megawatts coming online from committed projectsoth

Eskom builds and the independent power producers, as well as slow economic grmivseverely reduced
industrial demand for electricity, South Africa shofddus onstimulatingeconomic growth and daythe
hightriskdecision on such centratid baseload energy generation technology.

Against the background afrapidly changing electricity supply business model, electricity demand growth has
globally tapered off due to improving energy efficien@esl other drivers In SouthAfrica,the contracton in
industrial demand-6% during 2015) isrgelydue tohighelectricity price increases since 2008, as well as

weak international commodity markets. ThpkicesElUG@nembers who consune about 40% of the electricity
generated inSouth Africain a pecarious position Some industries, notabliyost ofthe foundriesandsome
smeltershave already closed orggiificantly lowered productior moved to more competitiveountries and
other local industries arbeing displaced by overseafiliatesand competitors. Should these trends

continue it is unlikely that the nationalectricity energy demand, which is still below 2007 levels, will grow
anywhere near the rate forecasted in the IRP20TAis highlights the very real risk@fer-building whichwill
cause further price increasgand thus the spiral will continud-or the EIUG to remain internationally
competitive the price elasticity of industrial demand needs to be understood, and the lowest cost and lowest
risk energy mix is requiredlhe BUG hagleveloped a lower demand growth outlook compared to twerly
optimisticforecastused in thelRP2016.The Energy Centre at the C&tReed to model this demand

trajectory as a sensitivity in their Electricity Scenarios work.

Should thgoromulated policy adjusted IRF16 call fomajor and inflexible basead investmers, despite

the uncertainties the country is facingwill likelyresult in further price increases and a disruptive exodus of
energy intensive industries, the stranding ok&rg coalfired electricity generatioplants and more
premature closurgof mines.
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In thissubmissionthe EIUG will motivate that the future directiower the shortto mediumterm s clear

South Africa shoulthke advantage of the growing surgleapacity to stimulate demarahd avoid making
longterm baseload investmertecisions with a potential huge economic and social cost of reditet most
rational way forward is théowest cost, least risk and lowest carlmrpply mix from th@ew industy model of
distributed generatiortogether withthe required flexible baelyp generation, demand response and possible
new storage technologidn the future

4. COMMENTS

EIUG comments will focus orafeas of concern:

The IRP201Base casgparticularlyin relation to the artificial constraints on some technologies
Technology cost assumptions

Demand assumptions

Development of an Alternative Forecast

CSIR Energy Scenarios

CarbonConstraint

Other considerations

NogakrwdpkE

41. DRAFT | RBASEG6CASE

The draft IRP201Base casés not a least cost scenario, but was rather extrapolated from the IRPBA%6

case Many of the assumptions used were unchanged from the plan promulgated in 2011, however some of
these assumptions were updated based on economic, environmentiiearinology advances.

Notably, the IRP2016 maintains the artificial constraint on two technologies, being wind and sdlatPV,

were imposed on the IRP20Base case

It is understood that the rational for this in the IRP2010 was due to the unceytatrthe time regarding the

cost and integration of renewable technologieBhe same constraints are not necessary for the IRP2016 as

the Renewable Energy Independent Power Producer Programme (REIPPP) as well as international experience
has shown a markedecline in the cost of these technologies and proven theiorporation,reliability and

flexibility.

These artificial constraints as well as the carbon constraint included in the IRB26d&@asessult in a
proposed energy mix that relies heavily lange, inflexible build programmes that are characterised by long
lead times and have proven time and time again to run over budget and over time.

Peranalysis undertaken ke CSIR Energy Centle -2 IOINSYA aSRé A0Syl NA2 $KAOK
on Solar PV and Wind capacity additiamsl cost for renewables based on the latest REIPPP bid window

would beR30 billion per year cheapéday 2050 than the current Draft 2016 |BBse casé The lowdemand
sensitivity analysis with no limitations woubé approximatelR20 billion per year cheaper B@50than the

current Draft IRBase caseThis reflects the significant reductions in Renewable Energy costs observed during
the four bid Windows and the implied learning rates derived from these fatlssts.

As mentioned above, the carbon constraint from the IRPZBA€e casbas been included in the assumptions
for the IRP2016, it is therefore not clear why a further carbon constrained scenario is listed as an additional
scenario in the draft.

!CSIR Energy Centre; AfComments on the Integrated Resource Plan 2016
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42. TEAGANOLOGY COST ADNBMPT

As with the 2010 IRP, the Draft 2016 IRP contains some cost assumptions for each of the conventional and
renewable technologies. These cost assumptions were extracted from the Electric Power Research Institute

0 a9t wL & ivhich welleRdn8uated in 2010 and 2015 for the DoE, and from the REB¥XPWindow 4.

One of the key cost metrics EPRI computes, babvi€ontained in the Draft 2016 IRP, is the levelised cost of

St SO0 NR OAThi® metidifcorpomtésiuel cosd, LISNF A2y a | yR YFAYyGSyryosS
OFLAGIE O2adGa G2 FINNAGS Fd Fy @SN 3IS O2aid LISNI YS
costs divided by the expected MWh output over the lifetime of a plant and adjusts costé$létioimas well as
discounts to account for the time value of mon€yhis metric allows for a proper cost comparison between
different generation technologies, even when they have unequal lifetimes, capacity and load factors.

As will be shown later iis report he modellingdone by theCSIR Enerd@yentreillustrates thatlifting the
constraints on renewable technologies while leaving all otherasmimptions used by the DoE unchanged
results inthe model noselectingarge-scale conventional genation technologies.

However, it must be noted thahe costs assumed for nuclear and renewables in the draft IRPR2@litawed

421. Renewabl e Technol ogy Cost Assumptions

The Draft 2016 IRP provides costs for Renewable Energy techndldgieswo largesRenewable Energy
G§SOKy2t23ASa o6& FINIAY GSN¥ya 2F LIXIFYyySR O LI OA
0KSasS GSOKy2ft23ASazx (GKS 5NIFi wnmc Lwt R2Sa y2
IPP (Independent Reer Producers) office, which was based on the weighted average prices from power
purchase agreements from the REFPBId Window 4.

N Cn

A key variable for determining the likely future costs is the learning rate, i.e. the reduction iradestg from
technology manufacturers accumulating experience. This is particularly relevant for renewable technologies,
which are relatively newThe Draft 2016 IRP contains so called learning rates for Solar PV and Wind. However,
given the lack of detail on how these eatare derived, there are a few concerns to be noted.

1 Firstly, the learning rates in the Draft ZDIRP are presented as ZAR paf, kvhereas this variable is
generally expressed as a percentage decline in the cost of production of one unit for a doubitieg
cumulative installed capacifyThus, the presented learning rates cannot be verified as it is not clear
how they are being used to determine future Wind and Solar PV costs.

1 The reduction is ZAR peéikcosts appear modest when compared to the leagniates observed from
academic literature. For example, in the Draft 2016 IRP, Solar PV costs are expected to fall by only 209
and Wind by 10% over the 35 year IRP period. The learning rates derived from academic literature
indicate that costs would deak by a significantly greater margin over that period.

1 It appears that the learning rates were derived from the DoE Renewable Bid Wintitlaede have
been subsequent bid Windows and therefore it would be more accurate to make use of the most up
to-date cost assumptions when determining learning rates as it reflects more realistic future costs.
There were significant reductions in Renewable Energy technology tariffs in the latest bid Windows.

2 See Electric Power Research Institute (2010), Power Generation Technology Data for Integrated

Resource Plan of South Africa and Electric Power Research Institute (2015), Power Generation Technology Data for Integrated Resource
Plan of South Africa.

3 Renewable Energy Advisors, available: http://www.renewable-energy-advisors.com/learn-more-2/levelized-cost-of-electricity/.

4 U.S. Department of Energy, Office of Indian Energy, Levelised cost of energy, available:
https://energy.gov/sites/prod/files/2015/08/f25/LCOE.pdf.

5 Draft 2016 IRP, page 18.

5 Industrial Development Corporation, Green economy report: The cost of renewable energies, August 2012, Page 8, available:
https://www.idc.co.za/images/download-files/research-reports/IDC_RI_publication Cost%20Evolution Renewable Energies.pdf.

7 https://www.andrew.cmu.edu/user/ilimade/Ines_Azevedo/papers/Rubin_2015.pdf. This study established the mean learning rates (i.e. %
cost reduction from doubling of cumulative installed capacity) for Solar PV as 12% and 16.5% for Wind. Given that installed capacity is
expected to grow exponentially over the IRP period, the reduction in costs is likely to be significantly greater than these percentages.

8 Draft 2016 IRP, pages 18 and 13.
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For example, the Council for Scientific and Industrial Reb&nergy Centré & / { Lwé 0 K| @S ¢
to determine the difference in the average Renewable Energy tariffs between Bid Window 4 (used in
the Draft 2016 IRP) and the latest bid Window (Bid Window 4 Expedited). These differences are shown
in Tablel.

TABE1: AVERAGE TARIFFS (EAMRH) FROM IRP ASSUMPRI®AND BID WINDOWEXPEDITED

Technology IRP 2016 assumptions (Jan 2015) Bid Window 4 expedited (Apr 2016)
Solar PV 0.93 0.62
Wind 0.81 0.62

Source: CSIR Energy Centre (2017), Least cost electricity mix for South Africa: Optimisation of the South African power sector until 2050,
page 7, available: http://www.crses.sun.ac.za/files/news/RSA%20Re-Optimisation%20-%20CSIR%20-%2016Jan2017.pdf.

Between Bid Window 4 and Bid Window 4 Expedited, average tariffs for PV and Wind fell by 33% and 23%
respectively. Thus, by ignoring the tariffs in the latest bid window, the reduction ta aos not considered,

resulting in Renewable Energy technology costs being artificially high. This will have implications given that the
Base casscenario in the Draft 2016 IRP is meant to be a least cost model.

422. Nucl ear Cost Assumptions

The Draft2016Wt R2S& y20d dzaS 9t wL RFGF F2NJ bdzOf S NJ G4 SOK\
based on a study commissioned by the DoE Nuclear Brafrtdh.study incorporates Asian costs, which are
significantly lower than the Nuclear costs observed @st@rn countries. This study is not properly cited and it
does not appear to be publicly availa8l&he Draft 2016 IRBrovides no justification on why the hybrid cost

data is used instead of the EPRI data.

The Draft 2016 IREbst assumptions are sigmiéintly lower than the cost assumptions disclosed in the 2015

EPRI study, which assumes Areva Nuclear techndladpe 2shows the differences in the detailed cost

elements between the two sources.

TABLE: DOE AND EPRI COSOR WCLEAR TECHNOLOGY

Unit Draft 2016 IRP 2015 EPRI (Areva)
Rated capacity MW, net 1,400 1,600
Total overnight cost ZAR/KW (Jan 2010/2015 ZAF 55,260 79,432
Leadtimes and project Years 8 6
schedule
Fuel cost R/GJ 7.35 7.35
Heat Rate kJ/kWh 10,657 10,340
Fixed O&M Cost R/KW/Year 885 755
Variable O&M Cost R/MWh 34 42.4

Sources: Department of Energy, Integrated Resource Plan Update, Assumptions, Base case and observations: Revision 1, November
2016, page 16.

EPRI (2015), Power Generation Technology Data for Integrated Resource Plan of South Africa, page 8-1.

The Draft 2016 IRP assumes significantly lower overnight capital cost and variable O&M costs. Alff@kHgh
estimates are not provided, the differences in the above cost components will mean that the LCOE derived
using the Draft 2016 IRP assumptions would be significantly lower than the LCOE derived using EPRI data. Th
would be problematic if the Draft®6 IRP assumptions are not applicable to South Africa, anBabke case
scenario will incorrectly infer that Nuclear technology is a cost optimal solution.

As explained above, Nuclear technology costs derived from Asia are generally lower than dae blsts
derived from the West? This is illustrated ifrigure 1 which shows the range of overnight capital costs by

9 Draft 2016 IRP, page 9.
10 Draft 2016 IRP, page. 9.
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region, in 2013 US dollars, and was constructed from data from publications and studies covering a period
from 2008 to 2014.

FIGURE: OVERNIGHCAPITAL COST FORCNEAR POWER PLAND3E USD/KW)
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Source: World Nuclear Association (2017), The Economics of Nuclear Power, available: http://www.world-Nuclear.org/information-
library/economic-aspects/economics-of-Nuclear-power.aspx.

Lovering, Yip and Nordhaus (2016) collected historical Nuclear regmaific overnight construction cost

6 a h/ [ ¢ 034Redttbrs if tReNJS, France, Canada, West Germany, Japan, India, and South Korea,
encompassing 58% of all reactors built globdllfhe historical data shows that costs have not evolved in the
same way in different countries. While OCC has increassahn@ countries over time (the US being an
extreme case of this), some countries have shown stable costs over the long term while some have even
experienced cost declines.

This difference in historical costs may motivate the use of hybrid costs. Hovirrusing costs from various
countries, it is also important that the reasons for the differing costscarsidered As observed by Lovering

et al., the evolution of costs over time depends on different regional, historical, and institutional factans. Eve
with the same reactor technologies, there is a large variance in cost trends over time. This implies that cost
drivers other than learningpy-doing have a significant impadtovering et al. suggests that some of the cost
drivers include utility structe, reactor size, regulatory regime, and international collaboratfoFhus it is not
sufficient to only take the costs into consideration, without accounting for the factors that drive these costs.

Importantly, the Draft 2016 IRP has not taken delaysd @wst overruns into consideration when determining

0§KS LINBRAOGSR 02340 2F bdzOt SINJ 6SOKy2t238d ¢KAA A&
with Nuclear power plants relative to some countries that may make up the hybrid cost essimetived by

the DoE. Nuclear technology has a history of delays and cost ovéfrimsextreme example is the Watts Bar

Unit 2 Nuclear reactor in the US which only neared operation in 2015 after construction began it AB3.

in their World Nucleamdustry Status Report for 2016, Schneider and Froggatt found that Nuclear plant
projects were delayed in 9 of the 14 countries analysed, and most of these were delayed by several years.
These delays have occurred in countries such as China, RussigddSFdance, Finland, Brazil and India.

11 overing, J.R., Yip, A. and Nordhaus, T., (2016), Historical construction costs of global Nuclear power reactors, Energy Policy volume 91,
pages 371-382.

12 |bid, page 380.

13 Carbon Connect (2014), Future electricity series part 3: Power from Nuclear, page 5.

14 Bulletin of the atomic scientists (2015), Watts Bar Unit 2, last old reactor of the 20th century: a cautionary tale, 8 October 2015, available:
http://thebulletin.org/watts-bar-unit-2-last-old-reactor-20th-century-cautionary-tale8783.

15 1bid, page 28.
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Hossen, Kang and Kim suggests that the LCOE increaseslbys3fdr every year that a Nuclear project is
delayed'® Delays and cost overruns have already been experienced in South Africa with the Medupi and Kusile
plants, where costs grew from an estimated R69 billion and R80.6 billion in 2007 to R154.2 billion and R172.2
billion for Medupi and Kusile respectivély.

423. Concl usi omampan i Gaonts C

A cost comparison analysigll show that conventional technologyosts have increased since the publication
of the 2010 IRFFor Nuclear specifically, the LCOE derived using the IRRRD16 assumptions are likely to be
significantly lower than the LCOE derived using EPRI data, which means tBaséh€asscenario vill
incorrectly infer that Nuclear technology is a cost optimal solution.

Conversely, the costs for renewable technologies have fallen to the level where they have become cost
competitive with conventional technologie&s will be shown later in this rept, correcting costs for the
actual bids received in Bid Window 4 Expedited assliming only modest further learnimgll result in a mix
of renewables and gas as the least cost option for the country.

The EIUG therefore argues that there is a sigmifiasymmetry in the risk of cost overruns between slead
time technologies and lonlgad time technologies such as nuclear, and this should be factored into the
modellingin search of a least coédind least risk) energyix.

43. DEMAND ASSUMPTI ONS

The @emand forecast used in thePR016Base cases unrealistic{ 2 dzi K ! FNRA OF Qa St SO0 NR
grown since 2007, due largely significant price increasestructural (not cyclical) changes in commodity

markets, weak economic growth and improvewergy efficiency.The lack of generation capacity waast the

main reason for the drop off in demand, meaning the availability of new capacity will not automatically cause
renewed demand growth.

Internationally, there has been a clear slolwn in deman growth in many parts dhe world since 2007.
Figure 2presents the historic demand for selected countries, including South Africa for compafissnwas
initially driven by the economic downtuin 2008and higher energy prices, but the return ofb@omic
growth has not lead to a return in demand growth due to a greater focus on energy efficiency and a
continuation of higher retail prices for electricity.

16 Hossen, M.M., Kang, S., and Kim, J., (2015), Construction schedule delay risk assessment by using combined AHP-RII methodology for

an international NPP project, Nuclear Engineering and Technology volume 47 (3), page 363.

17 Mail and Guardian, Sink i ng i nt o Eskomds bl ack h ohitps://mg6o.z&atisle/20E+03-05-Bikihdbinto-eakomasi | ab | e
black-hole%20%5b2016.
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FIGURE: HISTORIC DEMANDSHELECTED COUNTRIES
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Although the IRP haslongterm outlook, the initial 2.6% average year on year demand growth assumption
starting from 2016istoo optimistic. At the current energy intensity of the economy it translates GDP

growth of close to 5%We already know the GDP growth in1®was only 0,5%, and it may increase to 1,5%
in 2017. Overbuilding, leading to ovecapacity will result in severe price increases, stifling further growth and
triggering a negative spiral, where above inflation price increases and falling demandfeadloother.

Coupled with the overgptimistic demand forecast used in the modelling of the IRPB@%6 casethere is a

high risk of overbuilding, leading to overcapacity which will result in higher electricity price increases that the
country can llafford. Demand is likely to remain low into the medium term, and there is currently an over
supply of electricity, which is also likely to hold into the medium term. There is sufficient time therefore, for a
robust planning process to take place thaseres the leastegret investment decision is made for the country.

The EIUG engagé&byry Management Consulting to do a review of the demand assumptions used in the
IRP2016 analysfs This review is based on the information presented in the January 20NB5 Ed2ebhBts &

for electricity demand in South Africa (204 npnv dzaAy 3 GKS / {Lw &SOUG2NAI €
This review is included here:

43.1. The MBcomomi ¢ Assum@ppti iomisstUised A

The source for the GDP and FGHitdl consumption expetiture by householdgprojections are not stated in
the document. These are the key drivers of future demand growth and transparency over the source and date
of forecast for these assumptions would be beneficial.

Awidely-usedbenchmark forecast for GOffowth is the IMF GDP projection which is updatedrniually. The
latest IMF GDP projection is presented-igure3 alongside the GDP growth projections that were used in the
development of the IRP2016 demand forecast scenafibsassumptions used irhe IRP2016 analysis are
significantly higher than the latest IMF GDP forecast.

TheFebruary 2017 GDP growth numbers published as part of the 2017 South African budget also indicate a
lower GDP growth rate more reflective of the IMF level than the lesetlun the CSIR forecast.

18 Poyry: A Review of the Demand Forecast Used in IRP2016 (2017)
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FIGURB: COMPARISON OF IRB2 GDP PRIJIECTIONDANIF PROJECTION
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Note: IMF forecast taken from their October 2016 WEO update

43.2. Th@éhoi ce DPBa olit dph Sc e naRP 2d dfb@ri dtanfmues u a |

The demand forecast scenario for the IRP2B46e casevas selected to be the higktconomic growth
scenario including an adjustment which reflects the trend towardsitgssasive consumption pattern in the
commerce and manufacturing sectofil K Bighé [ S&da Sy SN&enharid.y i SyairdSoé

The most rational scenario for the IRP2@dse casevould have been a scenario whiaked the Central GDP

growth assumption and reflected the trend towards less intensiwesumption pattern in the commerce and

manufacturing sector. This scenario has been included in the demand forecast scenarios that have been
developed.

4.3.3. Mi ni ng slsnudmepxt i @pntsi neirset i ¢

We believe the historic data for mining trends do not justify the projected increasesinisiee forecasts
(shown in Figurd). In all four of their scenarios, the expected growdkes are far higher than would be
expected based on a continuation of the historic growate.

We believe it would be prudent to consider a scenario of no growth giventéigmation inthe mining index in
recent years.
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FIGURE: EVOLUTION OF MINGNNDEX IN SOUTH AER
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Source for historic data: Statistics South Africa

434. Thiei st ori c data wused t ot ideervseH iops tshpea irse gtreecs sg roe

The historic data from 1972 is presented in the CSIR document. It is not stateddioctii@ent, but our
analysis suggests that data back to approximately 1990 has beenaidedelop the regression relationships.
This iowsmanydata points whichs beneficial. However, there are other factors that are likely to outweigh

this benefit:
1 the nature of economic activity within each sector has changed dramatically ovisth25 years;
and

9 the technology that is used in ela economic activity has in almost all cases chanlyachatically over
the last 25 years.

These factors mean that the relationship between electricity consumption and factorasuebP and
household consumption will have changed over time. The chamgiatonship between GDP and demand
can be seen in Figute

This is not reflected in the approach. Regression points that are 20 to 25 years oltheaayne weight in the
regression as data from 2013.

A shorter period which minimises the impacttbése factors while still allowingnoughdata points for the
regression relationship to be deemed significamtuld be more appropriate.

When a short period is used to develop the historic regression significantly diffesults can be observed

and n some cases (such as in the transport sectorydggession relationships that have been developed
almost completely disappear.
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FIGURE: RELATIONSHIP BEBMESDP AND ELECTRI@MEMAND IN SOUTHRACA
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435 The i mpact of higher el ectricity tiamprfdwe menndt
are |ikely to be understated

Energy efficiency measures have changed the relationsatpreen ecolmmic activity and demand across
many countries.

This has been no different in South Africa. The South African government has laumaehgeé af initiatives to
improve energy efficiency. This began with the launch ofMagonal Energy Efficiency Strgieof South
Africa in March 2005.

In addition to this, the retail tariff in South Africa has increased dramatically and hastimaoreloubledin real
termsbetween 2007 and present. There will be both sherm and longterm impacts of higher tariffs. Eh
short-term impacts will be a shift towards less electriditiense activities. The longeerm impact will be to
amplify this shift by a change imvestment patterns.

The regression analysis attempts to reflect the efficiency gains in the manufacamrdindustrial sectoito
reflect the impact of efficiency improvements. However,axplicit accounting for energy efficiency has been
accounted for in other sectors.

436. Scenarios do not refl ect the future uncertain

The CSIR dament presents four scenarios for the future electricity demand in SAfriba. The key
differentiator across the scenarios is the macroeconomic condifj@mesented by factors such as GDP and
FCEH). The High scenario is additiorthifgrentiated bya shift in economic activity towards less intensive
forms of economi@ctivity.

The approach is based on a continuation of historic trends. The uncertainty ovilentipgerm impact of

greater energy efficiency on demand growth is not properly explorigimthe scenarios. Given the high level
of uncertainty, we believe this should also ¢tnsidered as a scenario driver. One way to do this is to explore
differing lengths ofegression period to add greater weight to more recent years where a markedehan
between economic activity and demand has been observed.
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years which is designed to explore a continuation of the low grastim since 2008 A sinilar scenario in the
IRP2016 analysis is essential in our view.

437. The forecasting modébrbaassedndémamcdygRO&BGbTr i

A key test of any forecasting model is how it against availableusntdata. The CSkibcument includs a
demand forecast for 2015 and 2016 which can be compared aghmattual outturn values. Figui@

present the forecast from the moderate and Hidless Intensive) scenarios against the actual outturn demand
growth.

Whilethe CSIR regression predidtan increase in demand growttimere has been a fall in the past two years.
There should be analysis or discussion ashy this has occurred.

FIGURB: ACTUAL ELECTRICQEMAND GROWTH COMEED TO SCENARIO FORETS
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438. The starting point for the forecast does not

The first year of the demand forecast prepared by CSIR is 2015. This means thateroturad data for 2015
and 2016 is not reflected in the model.

The impact of thissithat the current level of electricity demand is 6.7% below the foresastin the IRP2016
Base caseAt a minimum, the IRP20B&se casshould baupdated to reflect this lower starting point.

439. Ot her Comment s

1 LossesThe CSIR document assumes thatrgnéosses increase from 8.5%]1ib.5%in the coming five
years. This seems too aggressive given that total erlesges in the last five years were reported by
Eskom werearound8.5%.

91 Data provision The CSIR document flage lack of quality sectoridevel data orenergy
consumption. We absolutely concur with this concern. The provisiacairate sectorial demand
data would be dow-costactivity that would addransparency to the area of electricity demand
analysis and enhance forecasting.

YEskom, O6tMerdmuS$ystem Adequacy Outlook 2016 to 20216
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9 Statistical significance The adjusted Rquared value for the overall regressiomdported. The
statistical significance of each regression variable is not reportedvanitt be a beneficial addition to
the report.

1 Normalisation The historic demand has not beaarmalised for temperature or loashedding that
occurred.

1 Peak demandThe forecast is only a forecast of the future volume of electrd@tyand and not the
change in the pattern of consumption across the year andekel of peak demand that may be
experienced. The government is separatafydertaking a range of initiatives that will lead to greater
demandside participatiorthat could have the effect of slowing peak demand growth relative to
volume demand.

44, DEVELOPMENT OFERAMTALVE FORECAST

441 PoyKor ecast

Poyry has developed a spread sheet electricity demand model, which is based on the economic relationships
0SG6SSYy RSYlIYR 3aINRBgGK yR OKIFIy3aSa Ay D5td ! yRSNI &
model capturing the effect of GDP on agggate power demand. Estimates are based on historical correlations
between power demand and both the absolute value of GDP and its rate of increase. This procedure gives a
longterm relationship between aggregate demand and GDP, together with short terraations associated

to changes in GDP growth.

The form of regression that is used is as follows:
A power demand; = a + f » A gdp; =y » (power demand; _; = & = gdp;_4)

The model has the capability to take additional optional economic indicators, such as assumptions on
population growth, increases in energy efficiencingand the deployment rate of electric vehicles. We have
not activated these elements.

Figure 7shows a shorterm recovery from the dip in demand observed since 2011 followed by a stabilisation
into a longterm trend. The londgerm trends in the Centileand High scenarios differ between the models due
to the following factors:

1 The Low scenario represents a continuation of the stagnation in demand growth that has been seen in

the past 10 years.

9 This scenario is characterised by lower GDP growth alahgavghift from heavy industry to less
intensive service focused industries.
In 2030, our Low scenario consumption is 3.8 MWh per capita.
This is a similar level to the consumption level to the current level in Poland (3.9), Hungary (3.9), Chile
(3.9), @ina (3.8) and Croatia (3.8).

1 These countries have a significantly higher GDP per capita than South Africa.
We therefore believe that the Low scenario is credible and explores the potential for economic development
that is focused on less energy interesactivities.

)l
)l
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FIGURE: DEMAND PROJECTIGHTER SOUTH AFRICEVIRSED CSIR PROJERY)
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FIGURB: MAIN FACTORS ACEINO REDUCE CSIR BEM PROJECTIONS
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45. CSI R ENERGY CHENWIARE O

Given therelative good fit ot 2 & NBigh{ @S yi | NRA IRR201&F 26K § OSy I NA2¢ 3 GKS 9
CSIR Energy Centre teémmodel thelRP201& [ 26 { OSYy I NA2¢ | a GKS aSyairilac
work. The CSIEnergy Centréeam used the exct same Plexos software for the system modelling, as well as

the identical input assumptions used by the Dekgept forspecific items as mentioned below per scenario.

Whied KS 9L! D O2yOdz2NA 6AGK t 2&8NEQa / SIRB2AIGDW sEedaBig) | NR 2 :
ending up at 380 TWh peryearby 20608 aSSy o6& (GKS 9L! D Fa GaSNNAy3 2y
rather too much than too little It limitsthe risk of ovebuilding and triggering a death spiral where excessive

new capaiy cause drastic price increasésading tolow or negative growth, grid defection arite stranding

of existing asset$ KS L wWSYofy2RE F2NBOlFad Aa dzaSR Fa GKS 9L! D
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Figure 9ndicates the good fit of the EIUG demand growth fostaaith theIRP2018.owforecast used for the
draft IRP201@ase case

FIGURE: DEMAND FORECASTS
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The results of the CSIR Energy Centre Team modeilinghe EIUG growtlassumption for the IRBase case
scenario is shown in Figui®. As can be seen the model will not select nuclear but build morebegyaihd
2030 since the low demand growth will maintain the emissions profile below #ak Plateau Decline
limitation.

FIGURRO: BASE CASEOW DEMAND
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In Figure 11he results are shown for the Low demand growth scenario without any limitation on renewables.
The model therefore builds more renewables and ndifer coal beyond Kusile and tltemmitted coal IPP.

FIGURE1: UNCONSTRAINBASE CASEOW DEMAND
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Finally, themodelling results of the Low demand scenario with the costs of renewable technologies based on
the REIPPP bid window 4 Expeditesluts is presented in Figure 12Ascan beexpected the optimal mix will
contain more renewables and gas, but will result in the lowest LCOE.

FIGURE2: LEAST COST: LOWARID
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Figuresl3 and14 show the ttal cost of generation as well as the average tariff (without cost of @Othe
three above scenarios.
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FIGURHES: TOTAL COST OF PRNEENERATION: LOWMPMRIDBASE CASE
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FIGURES: COMPARATIVE ANALYSFESLOW DEMAND SCHENAS
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~R20 billion/year cheaper by 2050 than IRP 2Baée case

The modelling results of the ®Fnergy Research team for the optimal build plan to meet the EIUG demand
forecast (ikethe IRP2016 Low Demand) indicates that:
1 The country is moving into an ov&upply situation with new base load capacity only required beyond
2030 (in the IRP20IBasecasescenario with costrained renewables)
1 No nuclear is selected in any of the scenarios. This concurs with the EIUG view that nuclear is not part
of the least cost mix over the medium teramd may lock the country into a very expensive-teng
liability and strand existing coal fired capacity
1 South Africa is in the fortunate position that the electricity supply industry has a negative carbon
abatement cost, meaning that the least cost supply mix going forward has also the lowest carbon
footprint and uses the least amount of water.

46. CARBON CONSTRAI NT

Theuse ofthéi SNOY ND 2y 06dzR3IS(G¢ Ay GKS O2yGSEG 2F GKS St S«
budgets are a mitigation instrument imposed on individual entities not on sectors.

The recetly released report on th@eroposed pos2020national mitigation systefi make this clear. It is
suggested that the approach set out indlteport be used as the basis figveloping the carbon constraint
that should be imposed on the sector.

It shouldbe noted that if either the lest-costBase Caser a carbon constraint scenario will meet
governments carbon reduction obligations, as defined by policy, there isnbemred for an additional carbon
price in the form of aarbon tax.

XDNA Economics, The Green House, Development [of] South Afr208o6s cl |
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Under a Base Cascenario with no artificial technology constraints, the leasit scenario is also the lowest

GHG emission scenario. There is therefore no need for the inclusion of a carbon constraint in the Base Case. I
the leastcost Base Case scenario does not rtfeeemission reduction trajectory defined by government

policy, an additional sensitivity with the required carbon reduction constraint should be modelled as a policy
adjusted scenario.

47. OTHER CONSI DERATI ONS
Although not strictly in scope for the IRP2Gh& EIUG wishes to deal briefly with the following issues:

47.1. Net wGh&l |l enges

The DoE and Eskom have indicated in public consultations and nnetthi@, that there are grid capacity

constraints for Renewable Energy capacity additi®esthe DoE, the sue with connecting Renewable

Energy capacity to the national electricity grid is that Renewable Energy projects tend to be in isolated places
with insufficient connection point&. Further complications arise because of delays in securing sites and
servitudes as well as obtaining the necessary environmental and other statutory approvals, which have been
KAIKE ATIKGSR Ay 9ai12vYQa flFiSaif ¢Nryavyraairzy 5S@St 2

The EIUG wishes to point out that the low demand growth outlook will require a slolteut of renewable
generation and that distributed generation often can be connected into existing infrastructure, while new
mega scale base load power stations require substantial connection facilities. It should therefore be possible
to accommodatehe roll out of distributed generation with proper grid plannjraglowing for the least cost

energy mix to be achieved.

47.2. Sgtemalsi | ity

The premise that Renewable Energy technologies are unreliable and unstable in South Africa has been
challenged in @aecent study by the CS!RThis comprehensive study examined Wind and Solar PV resources
across the country and made the following observations:

T 2AYR YR {2t NI NSBaz2dz2NOSa | ONR&aa GKS 0O2dzyiNE I N

than prevously believed,

1 Wind and Solar PV are on a par in terms of magnitude and cost competitiveness;

1 Wind and Solar PV can be built as complementary technologies, as Wind supply peaks typically in the
evening and Solar PV in the middle of the day;
There is lowseasonality in both Wind and Solar resources in South Africa;
Wind farms should be located across the country, as short term fluctuations in the aggregated Wind
powerfeedAy | NB aA3IyAFAOIyidte NBRdAdzZOSR o6& HARS aLld

T
T

The CSIR modeling indies that a portfolio of Wind and Solar PV, combined with flexible gas fired generation
will provide reliable and stable electricity at a levelised cost of energy comparable to that of traditional
technologies such as coal and nuclear.

21 See for example Greve, N. (16 February 2017) Playing dirty with clean energy: How government is putting jobs and investment at risko |,
Finweek.

22 Eskom (2016) Transmission development plan 2016-2025, pg. 3:
http://www.eskom.co.za/WWhatweredoing/TransmissionDevelopmentPlan/Documents/TransDevPlan2016-2025Brochure.pdf.

2 Knorr et al (2016) Wind and Solar PV Resource Aggregation Study for South Africa: Final Report:
https://www.csir.co.za/sites/default/files/Documents/Wind%20and%20Solar%20PV%20Resource%20Aggregation%20Study%20for%20Sou
th%20Africa_Final%20report.pdf. This study conducted by the CSIR in collaboration with the South African Energy Development Institute,
Eskom and the Fraunhofer Institute for Wind Energy and Energy Systems in Kassel, Germany.

24 More than 80% of South Africa has enough Wind for high load factors.

% Dr. Stefan Bofinger, Britta Zimmermann, Ann-Katrin Gerlach i Fraunhofer IWES, Dr. Tobias Bischof-Niemz, Crescent Mushwana i CSIR
(3 March 2016) AWind agde @t aon PYt RepgofuorceSdgt h Africa: Public preseé
http://www.wasaproject.info/docs/PVWindAggregationstudy.pdf.
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- | COMMENTS

System stabilityspects such as frequency control, system inertia and reactive power control require further
work if deep penetration of renewables is to be achieved. The South African power system is however still ven
much dominated by coal and nuclear generation #redaddition of further renewables will not take the

country close to stability limits for many years. South Africa therefore has the time to witness and learn from
the progress made in countries such as Ireland, which is also on an island grid aneisdelieds of renewable
generation of up to 60% lately without causing grid instability.

473. Embedded Generat-Gmrer(aitnolngdi ng Co

Therequirement for embedded generation, such asgameration amongst others, to be included in the IRP as
a licensig preccondition, is problematic. The EIUG proposes that the requirement be removed, since
generation behind the meter cannot effectively be centrally planned. It will be more practical to allow the
host facility (be it an industrial plant or commerciailding) to invest in embedded generation if the business
case for such an investment meets its financial criteria, provided obviously that all technical requirements are
met and the facility is registered or licensed with NERSA.

Assuming embedded geraion is registered with NERSA, the amount of embedded generation across all
technologies would be knowior planning purposes

474. SocEconolmipact s

Whatever form the future energy mix takes, there will be an impact on jobs and the shape of the economy
The decommissioning of the current Eskom agerieration stations is certain as they come to end of life,
however there is time to manage the jobs lost in this this sector if this transition is properly plafiihdd.it

may well be that there is spacerfcoal in the future energy mix, its share is guaranteed to be low, given the
international commitments made by South Afnicto lower the carbon emissiorfi the absence of viable
carbon capture & storage).

The EIUG also concedes that there may beyrsmrtalled greerobs in the future, however the numbers
currentlyquoted are highly disputable. In addition, a key consideration missing from the numbers and debate
is that the skills of workers in the current econoraye nottransferrable to the diffeent economy. This again

can be managed. It is not the role of the IRP, or the DoE necessarily to deal with these consequences of the
Lwt T G4KS 9L! DQa NBO2YYSyYyRI {edosoyhic aisfessment® SiNdGaimStyhd maina
scenarios developeith the final IRP2016, and to then ensure that concerns raised in these assessments are
addressed.

Though there may be jobs lost and gained depending on the shape of the energy generation directly, job
creation should take place in tleveralleconomy, ot in the power sector. Or put another way, electricity
should be an enabler for development and employment, rather than a massive direct employef higetfan
be achieved by ensuring that the leasist electricity generation plan is developed.
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5. CONCLUSION

Analysis of the Draft IRP2016 has shown that the demand forecast used by the DoE is far too optimistic. The
EIUG has shown that demand growth has leveled off internationally after the 2008 economic meltdown, and
the return to economic wth in many countries has not led to a return in demand growth due to a focus on
energy efficiency and higher retail prices. In Sdhiiica,the phenomenon is even more pronounced due to
structural changes experienced in international commodity mark&ise DoE demand forecast used too
optimistic macreeconomic and mining index assumptions, and used regression relationships spanning too
great a time. Thusthe current level of electricity demand is already 6,7% below the forecast used in the
IRP201ase case.

The EIUG developed an alternative demand outleiik the assistance of a reputable international consulting
firm. The EIUG demand outlook has a good fit with the IRP2016 Low Demand scenario, and the CSIR Energy
Research team agreed to modehas a sensitivity in their Electricity Scenarios work. The results of the study
indicate that the lowest cost supply mix for the country is a combination of renewable technologies and gas
fired generation. South Africa is in the fortunate position tldias a negative carbon abatement cost for de
carbonising the power grid, meaning that theviest cost technologies are also thkearest (and have short

lead times).

Under a Base Case scenario with no artificial technology constraints, thetststenario is also the lowest

GHG emission scenario. There is therefore no need for the inclusion of a carbon constraint in the Base Case. I
the leastcost Base Case scenario does not meet the emission reduction trajectory defined by government
policy, an dditional sensitivity with the required carbon reduction constraint should be modelled as a policy
adjusted scenario.

While the EIUG remains technology agnostic, the country needs reliable electricity supply at the lowest
possible cost, delivered by ailiiplan using technologies that offer modularity and the flexibility to match the
vagaries of demand.

Given the current uncertainties and vagaries of demand it will be very risky to embark on new base load
investment over the short to medium term. ecting the country demand growth outlook to a more realistic
level shows that we are entering a period of significant esagracity, and forcing in a lofigad time and
inflexible nuclear investment decision can lead to unaffordable price increasestrimeling of significant coal
capacity and early closure of mines.
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6. RECOMMENDATIONS

In general, the document contains numerous statements and approaches which are not substantiated. Itis
recommended that all decisions made as part & thethodology in the final version of the IRP should be
substantiated in a transparent way that allows stakeholders to follow the reasoning.

TheBase casscenario should always be the least cost scenario against which all scenarios and sensitivities are
tested. These additional scenarios should only impose justifiable and verifiable technical or policy
considerations on the least cost option. As well as the development and publication of reliable electricity price
paths for each scenario. Finally, thattelaconservation and socieconomic impacts and costs must also be
considered in the policy adjusted scenarios.

The EIUGecommendghat there must be consultations on the outputs of all current, proposed and accepted
scenarios modelling work, andthe @y G A f o6 &aA& FyR LI NI YSGSNB T2N Wl
plan. At least 60 days must be afforded for input on the scenarios. Once the draftadjisted IRP is

available, the public must have at least 30 days to provide comments thereon.
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