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INTRODUCTION * A model based on LCOE is proposed to determine the price ranking
Traditionally, when public entities buy an asset under an Engineering, Procurement and Construction  Bidders need to provide four inputs into the model

(EPC) contract, the screening of the responses to the request for proposals is done in two stages: In A number of quality criteria are defined as gatekeepers to filter the proposals
a filter stage, all proposals that are technically not acceptable because they do not fulfil certain firm e The model calculates two outputs: LCOE and Liquidated damage

criteria with regard to scope, quality or performance are excluded. In the second stage, proposals are
then evaluated according to the financial offer (in most cases this will be the EPC lump-sum price in

e PV module

- efficiency
million EUI’OS). * Module layout e (Cable losses
esoI,GHI ¢ Operation of esol,module panel i SOIlIng losses e,
In the case of buying a PV asset, this approach can be problematic, because evaluating proposals based 7| tracker s Shading 7

* |nverter losses

on EPC price will inevitably lead to the tenderers offering only the minimum required installed capacity
* Transformer losses

(in kWp) at the minimum quality, because any “over-delivery” in terms of scope or quality will lead to an

increase in EPC price and thus to a lower chance of winning the tender. The CSIR Energy Centre therefore

developed a methodology that can be applied by public entities in South Africa and elsewhere in the world PRngustry
to allow the procurement of PV assets at the lowest possible lifetime cost, measured in Levelised Cost of PRcs g
Electricity (LCOE). The methodology was successfully implemented in the procurement of the CSIR's first
560 kWp, ground-mounted, single-axis tracker PV system on the main campus of the CSIR in Pretoriq,
South Africa. A very competitive LCOE and a very high quality PV system were achieved.
* PR ..., takes the solar radiation in module plane as reference

AlM —> other design related losses such as improper module layout, tracker operational issues are
To define a methodology that can be applied by public entities in South Africa and elsewhere in the excluded , , ,
world to allow the procurement of PV assets at the lowest possible lifetime costs, measured in LCOE. * PReyq takes all losses into consideration o o o

—s> EPC contractors are forced to take responsibility for all design issues and optimize better

plant performance
METHODOLOGY
The procurement of assets by a public entity based on lifetime cost considerations is generally Average arif E
desirable, but often very difficult to achieve, because the lifetime benefits of an asset are difficult s
to forecast. It is however possible if the right methodology is applied. This is specifically true for PV 2‘2‘ PV
plants, because the performance is easy to measure (energy output in kWh). 20 -

iz i 143 Lifetime-cost-focused

financial evaluation of

The CSIR Energy Centre developed a methodology which is the first of its kind in the South African ncialevaluatio
public procurement context for PV that allows evaluation of proposals for the purchase of a PV asset 12 - 75 000 kW replicated for other

per project public entities

in an EPC contract based on LCOE. The methodology includes a “control loop” to ensure actual 1: | 76
delivery of the promised LCOE. SR Caa/gesie N hiioiaptions 73 Sl
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RESULTS AND DISCUSSIONS 0 project
Bid Window 1 Bid Window 2 lp"e‘iﬁffjfc"f Bid Window 3 Bid Window 4 CSIR PV
(4 Nov 2011) (5 Mar 2012) (19 Aug 2013) (18 August 2014) (Dec 2014)
Lifetime cost | [ capital
per energy unit I - Fixed O&M ?gjfsé;o;tESsZiignV\éilr;I?OI;le;;:r:ﬁgiii?:iende?g;rsaifbcl):czgi)enir:)dnr:’:lljltirci)?ljisrsi:?ci)zartf)?é 3\/5ij1udr:)1\i/\?sg:t??;rw\;aj.f:éjr;zz:/.za/lPP/List—of—lPP—Preferred—Bidders—Window—three—04Nov2013.pdf;
: I:l Fuel (and Variable O&M) http://www.energy.gov.za/IPP/Renewables IPP_ProcurementProgram WindowTwoAnnouncement 21May2012.pptx; http://www.ipprenewables.co.za/gong/widget/file/download/id/279; CSIR analysis
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| 86 o e Across the four windows of REIPPP, the price of PV dropped by 75 %
' 7.5 _ . . . .
. 6.9 Y 107  The price of 5.72 €-ct per kWh compares favorably with the 5.69 €-ct cents per kWh pricing from
. - 4.8
| o2s 5.4 0.1 Round 4 REIPPPP
: 3@ >/ m27 —> a PV plant of relatively small scale in Pretoria, not the sunniest region in South Africa, can
l : 0.9 ' . o . . . .
. compete very well with large, utility-scale projects in the sunniest parts of South Africa
: Baseload Coal Nuclear Gas (CCGT) Mid-merit Coal Gas (OCGT) Diesel (OCGT)

Assumed load factor =

Note: Changing full-load hours for conventionals drastically changes the fixed cost components per kWh (lower full-load hours = higher capital costs and fixed O&M costs per MWh);
Assumptions: average efficiency for CCGT = 50%, OCGT = 35%; coal = 37%; nuclear = 33%; IRP cost from Jan 2012 escalated with CPI to May 2015; assumed EPC CAPEX inflated by 10% to convert
EPC/LCOE into tariff; CSP: 50% annual load factor and full utilisation of the five peak-tariff hours per day assumed to calculate weighted average tariff from base and peak tariff

Sources: IRP Update; REIPPPP outcomes; StatsSA for CPI; Eskom financial reports on coal/diesel fuel cost; CSIR analysis

* Wind and solar PV have reached “new-build” parity
—> LCOE from wind/PV = LCOE of all new build options (system view)

e LCOE of roof-top PV in South Africa (5.7-6.4 €-ct per kWh) is below residential electricity tariffs
(7.9-10 €-ct/kWh /kWh without VAT) “retail grid parity” already achieved!
—> huge incentives for public entities who are are also electricity customers (e.g. schools, hospitals,
government buildings etc.) to install PV systems to supplement their grid supply (“first movers”)

e Care should be taken to buy PV assets at lowest LCOE as opposed to EPC price

CONCLUSION

INPUTS TO BE PROVIDED BY TENDERERS OUTPUT 1 An approach Of procuring PV assets WhICh IOOkS at LCOE Of a PV investment was deve|oped fOI’
e e incorporation into the evaluation process of a public EPC tender. The defined methodology was

Design system installed DC capacity kKWp d} Levelised Cost of Energy (LCOE) after-tax (nominal, escalating) I:It { KWh qpplied in 1.he procuremeni Of a firs'l' 560'kwp Pv Sy5'|'em Wi‘l‘h Single-GXiS 1quker Con'ﬁgurq'ﬁon and
Tendered price for EPC part £ . oy e . . .
Tendered price for O&M n year | ey achieved very competitive LCOE of 5.69 €-ct per kWh. It will now be made available to other public
Guaranteed Performance Ratio (PR) during O&M period 97% . o . . . . .

entities as a guideline to procure PV assets (rooftop or ground-mounted) lifetime-cost optimally.
INPUTS PREDEFINED BY CSIR (not to be modified) OUTPUT 2 REFERENCES
Lifetime 25|yrs Liquidated damages per percentage point of underperforming PR [ e [1] Department of Energy, (2010). Integrated resource plan for electricity (IRP) 2010-2030: Update report. Government of South
Dwuration of O&M contract 3|yrs Afl’iCG.
E;Z?S:Cf;T;z;ﬂ:;EF;;&E;F;?:TME D_;;: ryr [2] Department of Energy, (2013). Integrated resource plan for electricity (IRP) 2010-2030 - update report 2013
OPEX after end of tendered O&M contract 27l | kWp / yr [3] World Wide Fund for Nature, South Africa. 2014. Renewable Energy Vision 2030 - South Africa. Technical report submitted by the
E:zi;iancnements in year 11 as percentage of initial CAPEX 122 Clima’re cmd Energy.
WACC = discount rate (nominal) 10.0% [4] Department of Energy’s publications on results of first four bid windows, http://www.energy.gov.za/IPP/List-of-IPP-
Average GHI at site (historically) 2 050|k\Wh / m? / yr Preferred-Bidders-Window-three-04Nov2013.pdf; http://www.energy.gov.za/IPP/Renewables_IPP_ProcurementProgram _
Specific energy yield during O&M period KWh 7 KWp [ yr

WindowTwoAnnouncement 21May2012.pptx; http://www.ipprenewables.co.za/gong/widget/file/download/id/279
[5] United Nations Environment Program 2012, Frankfurt School of Finance and Management and Bloomberg New Energy Finance,
"Global Trends in Renewable Energy Investment 2012.

[6] Pew Trust, Wh o’s Winning the Clean Energy Race , 2013, p.7
[7] www.oanda.com
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