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Executive Summary- Renewable Energy Technology Cost Review

This paper has undertaken a review of current and future costs of three forms of renewable energy
technology, comparing data from a range of international and Australgatific studiestaking care

to compare dé&éa on the same basis of financial assumptions (discount rates) and resource quality.

The purpose was to compare both tharrentcosts, along with the rate of decrease, and the reason

for differences between the studieShe Australiasspecific datasets & G KS W! dza G4 NI € A |y
DSYSNIYGA2y ¢SOKy2ft238 /2aiaQ NBLR2NI o6& 9twLz |y
Market Operator (AEMO), largely based on the EPRI data with a review from ACIL Tasman.

The assessment reviewedechnical and economic parameters wfind, photovoltaic andsolar
thermal energy generation technologies, considering technology specific learning aradesost
reduction potentials It includes adetailed exploration of the factors contributing to the learning
rates and cost reductions.

Common ihancial assumptions (in particuldiscounting rates)r& used, to provide a common basis
of comparisons and analysis. These parameters were utilizdcevelised Cost of Energy (LCOE)
calculations to develop cost outlooks, and compare the outlooks to other projectMfieere
relevant, LCOIS calculated from capital & operating cost data at a common renewable resource
level, and includes the revenue geraed from the sale of Renewable Energy Certificappied
under a simplified assumption at an unchanging $50/MWh

The international analysdasnded to indicate cheaper costs for all of the solar and wind technologies
than the AEMO dataset. Some of thiferencecan be attributed tathe AEMO datasé€l fbcus on

the Australianspecific context of the technologies. However, especially in the case of the solar
technologies (both PV and thermal), the rate of cost reduction expected from the global analyses i
faster than that in the AEMO dataset. In both cas®EMOcostsin 2030were higher than and
outsidethe range ofthe 2020 costs from the international analyses.

The renewable technologies of PV and wind have historically shown that a large propafrtosat
reductions have come from the learnings and economies of scale associated witlsdatgeglobal
deployment,and not just improvements in technical efficiency. Thisriade particularly apparent
when displaying aechnology learning curve as anfttion of cumulative installed capacity, rather
than time. Therefore any projection of a cost curve over time has an inherent assumption, whether
explicit or not, of the expected growth in deployment of the technology.

With this in mind, when consideringcenariosfor new energy technology development and
deployment, especially in the context of shifting away from greenhouse gasrayrenergy sources,

initial higher costs of renewable energfouldnot be consdered a barrier to deployment. Rather,

the focus should be on whether learning curves can give confidence that the technology is able to
achieve desirable cost reductions within an acceptable timefraar@ how much the rate of
deployment is expected to change the rate of cost reduction

The key fdings of this assessment are summarised below for each of the three technologies.
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Photovoltaic

The installed capacity of photovoltaic has grown at rate of 40% over the last decade. As the industry
has grown P\nodule prices decliretalong a well established learning curwehich has seen cost
reductions of22%for eachdoubling ofcumulativecapacity over the last few decadesnf&excursion

from this historical rate occurred due supplybottlenecksand market dynamictom 2003to the

end of 2008. The learning curve has since returned towards the histandthe global installation
capacity increasetb 10 Ggawattpeak (GWpRrnnumin 2010.

The International Energy Agent§A)and the EPIAexpect further cost reduction witlincreasd
production capacities, improved supply chains and economies of. sChlimahas experienced 20

fold increase inproduction capacity infour years increasedexpansion of global production
capacities for key components (including modules and rievg) and is continuing to exert
downwards pressure on prices. A surge in silicon production capacity (a key commodity) has both
alleviated supply constraints, and continued to increaBechnological cost reduction opportunities
include improvements inféciency for the different cell typedased on these driverthe IEAand
EPIAhave made cost projections using learning rates of 18%, sligihgr than the historical
averageof 22%
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Figurel: Solar photovoltaic cosprojections(Direct Normal Irradiation = 2445 kWh/m2/yr)

Thekey findings are

e The EPRI & AEMO data has higher starting costgared to international studies
e The international studies, with the exception of the EPIA reference scenario, have slightly
higher rates of cost reduction base on continuation of historical learning rates.
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Wind

Wind energy generation has expanded rapidly in the previous decade-Z with installed
capacity growing at 28%and doubling every 3 year$Vind capital costs have trked along a
learning curve as this capacity has grown, andetkgectation of all of the studies reviewésifor the

trend to continue as the expansion of the wind industry continues. Key commodity constraints and
supply chain bottle necks have hamperedstcoeductions in the past few years. With larger scale
(and largely automated) manufacturing, these bottlenecks have been alleviated. More recent
developments have seen wind technology costs continue along historic learning rates. Incremental
technologicalimprovements represent a significant potential for cost reductions, with anticipated
improvements resulting in larger, more efficient turbines.

The IEAand the Global Wind Energy Coun@WEC)expect that modest cost reductions will
continue, due toecanomies of scale (as a result of continuinglustry expansion, especially Chinese
manufacturing), alongside stronger supply chasrsd technological improvementsThe major
technical cost reduction opportunities include increasing turbine ,skagb height, and the
eliminationgearbox losses via the use of direct drive turbines.
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Figure2: Wind power cost projections
The keyfindingsare:

- The starting costs for the AEMO and EPRI results are higher than the international analyses.
Some of this could likely be attributed to the Austratigmecific context of these studies.

- The rate of cost decrease over time is similar for the studies, with the EPRI data showing the
fastest rate of reduction, albeit from the highest starting point.

Auseful next step of analysis would be to compare these costs against data available from current
Australian wind power projects.
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Concentrating Solar Thermal

For concentrating solar thermal (CST, or also known ag €&Rentrating solar power) technology
which is less mature than wirahd solaPV, a range of sourcéxdicatethat there is significant cost
reduction poential,from known techncal improvements, economies ofade and industry learnings

from continued deploymentsimilar to the observedhrning rates of wind and PV. Importantly, the

US DoE expects that around 50% of the potential cost reductions will be a result of industry scale
and learnings, whiclwvill require the initial deployment of the technology at higher cost to allow
these costeductions to occur

Primary studies reviewed include:
¢CKS LYGSNYyFridAz2yrtf 9ySNHe ! 3SyodoeqQa /2y OSydaNT .
¢KS | ®{ & 5SLIJ NI P8gyain P@&ver TOWSrRbdAMap a / { t
Solar Thermal Electricity 2025, AyT. Kearney with the Europeanl&orlhermal Electricity
Association (ESTELA

These eaclperformed assessments of cost reductions for major plant components, taking into
account expected growth and experiencéheTmajor opportunities includenassmanufacture of
mirror componats; implementation of higher temperature steam cycles and storagealeup of
plant sizesand convoy/experience effects on engineering and indirect overheBolwer tower
(central receiver) solar thermal systems are expected to be cheaper than parabolic troughs.
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Figure3: CST costrpjections, at Direct Normal Irradiation of 280 KWh/m2/yr.

The key findings are:

- The starting costs of the AEMO data is similar to the range from the international studies.

- The nternational studiesndicate afaster rate of cost reduction to 2020As discussed in the
full report, AT Kearnehasindicated thatthe low end of their range is more representative
of real projects while the upper end represents a warase scenario.

- The rate of cost reduction 2028030 is similar for all analyses, though it is not clear why the
AEMO data differs prior to 2020.

- Note that using a REC in the 202330 timeframe delivers nonsensical results for IEA data.
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1. Introduction

This report assesses the recent developments in renewable energy generation technology, based on
a range of analyses and reports framternational sources. The primary objective is to review
current cost outlooks, and compare the outlooks with those currently used by the Australian energy
industry, in particular the dataset currently used by the Australian Energy Market Operator (AEMO),
0l &SR 2 Kustralian(iEke&ricity Generation Technology CasReference Case 2000 & ( dzR &
carried out by EPRI for the Federal Department of Resources, Energy & Tourism. This study uses the
W[ SPStAaSR /2aid 27F 9y SNBSS and codpandif@rernt @st prdctorely A y S

The primary studies reviewed containing detailed cost information were:

Solar Photovoltaic

International Energy AgengyProjected Costs of Generating Electricity 2010
International Energy AgencyTechnology Ralimapc¢ Solar Photovoltaic Energy (2010)

European Photovoltaic Industry Associatp8olar Generation 6 (2011)

Wind
International Energy AgengyProjected Costs of Generating Electricity 2010

Global Wind Energy CoungiGlobal Wind Energy Outlook 2010

Concentrating Solar Thermal
International Energy AgencyTechnology RoadmagConcentrating Solar Power (2010)

Sandia National Laboratories (US Department of Eneyd3gwer Tower Cost Reduction Roadmap
(2011)

AT Kearney Consulting with European Sotearihal Electricity Association (ESTEL8dlar Thermal
Electricity 2025

Sargent & Lundy ConsultimgAssessment of Parabolic Trough and Power Tower Solar Technology
Cost and Performance Forecasts (2003)
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2. The LevelisedCostof Energy

2.1. Introduction to LCOE
The Levelised Cost Of Energy (LCOE) is the most transparent metric used to measure electric power
generating costs, and is widely used as a tool to compare the generation costs from differing
sources. The LCOE is a measure of the marginal cost (the cpsbdefcing one extra unit) of
electricity, over an extended period, and is sometimes referred to as Long Run Marginal Cost or
LRMC.

The LCOE is representative of the electricity price that would equalize cashflows (inflows and
outflows) over the economilife time of an energy generating asset. It is the average electricity price
needed for aNet Present ValuégNPV)of zero when performing a discounted cash flow (DCF)
analysis. With the average electricity price equal to the LCOE, an investor would laealel so
receive a return equal to the discount rate on the investment.

The LCOE is determined by the point where the present value of the sum discounted revenues is
equivalent to the discounted value of the sum of costs

n n
Revenue Costs

1Lt 1ot
o 1+0r & 1+01

Where:
n = Project lifetime (yrs)
t = Year in which sale or cost is incured
r = Discount rate (%)

By definition this is the point at which thdet Present Valuésummation of thePresent Values, PV,
of the cashflows) for a project merd*:

n
NPV = ZPV =0
t=0

Where:
V= EBIT 1—T) + DEP — CAPEX
B 1+t

And:
EBIT = Earnings Before Interest and Tax
DEP = Depreciation
CAPEX= Capital Expenditure
T = Corporate Tax rate (%)

2.2. Discount Rate:
One of themost important assumptions and input parameters is the discount rate. This input
represents an appraisal of theme valueof the money used in the investment. This value is
dependent on the type of investor and their respective financial market, angresentative of the
return expected (or the cost) of the particular capital. Money from the risk averse debt market

7
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maybe available at a nominal rate of 8%, where as the equity market, which takes on higher risk, will
be available at a higher nominal radé say, 13%.

This discount rate is particularly important in the context of renewable energy generating assets,
due to their inherent capital intensity. This can be contrasted with technologies with higher
operating costs (for example open cycle gas tueb). Whilst the LCOE for these technologies is
affected by the choice of discount rate, the impact is less pronounced and they are less sensitive to
variations in the discount rate.

Typically, the initial investment comprises of a combination of botbtd&ancing and equity
financing. When this is the case, it is appropriate to use \Weighted Average Cost of Capital
(WACCHas the effective discount rate. The WACC is calculated by weighting the individual costs by
the proportion of each funding tyge

D Xky x(1—-T) +E Xk,

WACC = DT E
Where:
D = Amount of Debt
Kq = Cost of Debt
E = Amount of Equity
ke = Cost of Equity
T = Corporate Tax Rate

Tax is considered in our cash flow analysis, and all the cash flows are considered to be in real 2010
Australian Dollars. As suchpasttax, real WACC is used. We use a discount rate of 8.1% to comply
with the ATSE analysishich assumes a 725 debtequity split, and a real debt cost of 7.3% and a

real, pretax equity cost of 17%. Given the sensitive nature of the discount rate, the same rate as
ATSE analysis was used to enable a consistent basis, for comparison.

2.3. Other Financial Assumptions

Global Assumptions
Tax: The corporate tax rate is assumed to be 30% for the purposes of aifloashnalysis.

Depreciation:The electric utility industry typically uses thgaightline method, which was used in
this analysis. For a 25 year lifetime, the annual depreciation is 4%, and for a 30 year lifetime,
the annual depreciation is 3.33%.

Exchange Ratestn line with the Mid Year Economic Financial Outlook approach, the exchange rate
isassumed to remain arounithe levels seen at the time the forecasts were preparets of
March 01 2011, a US$ exchange rate was $698&d, ¥ R |y 9! e SEOKI y 38§
was used

Renewable Energlechnology Cost ReviegMelbourne Energy Institute, March 2011
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Construction Period and Economic Lifetime

The construction period and economic lifetime can have a considerable affect on the levelised cost
of generation. This is particularly important for protracted constirt periods (lead times). The
economic and lifetimes and construction periods used are present&ichintel, and are based on

the AEMO datasét The |IEA reports windonstruction periods of 1 yeh(unlike AEMO), and the
effects of this are exploreith Appendix IlI

Tablel: Construction periods and Economic Lifetimes

Technology Construction Period Economic Life Time
Wwind 2 year 30 years
Solar PV 1 year 30 years
Solar Thermal 2 years 30 years

The Capacity Factor

In the case of renewable energy generators the assumed capacity factor of a facility has a significant
impact on the LCOE. For renewable energy generators, the capacity factor is generally dependant on
the quality of the renewable resource. In the interesif a consistent approach, constant capacity
factors were used for each technology type. These capacities were based on reasonable resource
qualities for Australian conditions, summarized belowable2, as used in the EPRI stldy

Table2: Capacity Factors

Technology Resource Quailty Capacity Factor
Wind 6.8 m/s 30%
Solar PV 2445kWh/m?lyr 20%
Solar Thermal 2400 kWh/nflyr Varied by planstorage
configuration

Technology Specific Inputs
The remaining parameters are specific to the technology type. These include capital cost, operation
and maintenance costs, which are explored in the report.

To demonstrate the modellingAppendix Ishowsthe levelised costs calculated, and compares
against the ATSE modelling results. The results for different technologies (Wind and CST), including
the technology specific inputs, are included in the appendix.
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3. Context:Fossil Fuel Levelised Cost®f Energy& Renewable Energy Certificates

Thecalculated LC®QA F2NJ GKS NBYySgl ot S Saepoatalyiistcadng 2t 2 I A S
if not put in contextwith the cost of new entrant fossil generatiofhe[ / h9 Q& FT2MNdl G g2 T2
technologies,Pulverised Coal (PC) and Combined Cycle Gas Turbine (@&&Tjalculated to

provide a reference framausing the same financial parameters

The data used to determine the LCOE was taken from the AEMO scenario 1 jaadéncluded
capital costs, thermal efficiencies, O&M costs, construction profiles and fuel price projections. The
[ / h 9 QuiesentdtBnFigure4, with the upper and lower bounds of the LCOE represent the high
and low fuel price estimates for the two technologies (the PC is assumed to be a black coal plant).

120

100

60

LCOE ($/MWh)

20

2011 2030
B Pulverised Coal (Black) CCGET

Figure4: Levelised costs for fossil fuel power stations

Renewable Energy Certificates

The Largescale Renewable Energy Target (LR&¥@nse mandates that 41,000 G\Whbflarge-scale
renewable electricity is supplied tthe Australan electricity market by202Q with targets for
individual years up to 2020 that ramp up to the final targ€he target is achieved by retailers
purchasingRenewable Energy Certificatl3ECsfrom the generatorswhich have a dollar value per
MWh of renewable energy generated. Thigsrtificate value is intendetb bridge the gap between

the fossil fuel electricity generation costs and the renewable energy electricity generation Eosts.

the purposes of this study, @nstant$50MWh REGralue is used in the LCOE calculation. In reality,
the scheme is a market mechanism and thece will vary, with the value of a REGshould
representng the difference between thd. COE of the least costnewableenergy on the market
(likely wind power)and the wholesalefossil fuel generation costTherefore it is likely to be higher

than $50/MWh in the short term, but could reduce to this price or lower in the long tdimere are

some cases in the international cost projections shown where using @dria€is the end of the
5240 OdNBS 0Gdtte RSEAGSNE Fy [/ h9 £268N) GKIYy
occurs then the price of RECs will fall, and if the renewable technology reached parity with fossil
fuels then the REC price widwbe zero.
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4. Learning curves of energy generation technologies: an4depth analysis

The analysis considers the factors and trends for learning rates in several renewable energy
generation technologies. A useful forecast tool for the cost reductions ofggnechnologies is the
WDNHz0 6 Q OdzNBS® ' AyAGAlFt adrasa 2F GSOKyz2f23e
reach the point of commercialisation and deployment, the costs tend to increase with
comprehensive engineering assessments and -weald implementation. After the point of
commercialisation, costs tend to reduce due to a combination of factors, and eventually cost
reduction rates reduce as technologies mature. Different technologies can be mapped onto
different segments of the curve.

Renewables Technology Development

Parabolic frough STE

Cofired biomass

Offshore wind

Silicon PV

Direct-fired biomass Onshore wind

Hydro

Nano-
structured PV

Anticipated Cost of Full-Scale Application

Research ~ Development Demonstration Deployment Mature Technology

Time
Figure5: Grubb curve for renewable energy technologies, from EPRI (2010)

4.1. Learning rates
In many highi S@St FylfeasSazr GKS ISYySNAO GSN)¥ WtSIENYyAyY
reductions during commercial deploymer& range of specific factors contribute to reducing costs.
These can be divided into two broad categories

Technological improvements z changes to the basic design of the technology.

O, AAOT ET C ¢ vefers té thé techbical and management experiencngd during the
construction and operation of power plants leading to more streamlined, efficient methods of
building and operating plants. A relevant example, is from SENER (Spanish engineering company)
who has developed a type of parabolic trough mirsoipport strut that is simpler to manufacture

and assemble, leading to a fefold increase in the speed of mirror assembly for concentrating solar
plants.

Technical efficiency ¢ refers to Research & Development. Upgrading to stdtéhe-art
components, &perience pushing operational envelopes or otherwise, the technology becomes
overall more efficient by increasing output or decreasing wasted energy or materials. Upgrading
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from subcritical to supercritical steam turbines in thermal power plants, and mengal gains in the
efficiency of photovoltaic cells are examples of technically efficiency improvements.

Economies of scalez increase in the size or volume of units results in lower costs per unit.

Economies of scale in the physical size afomponents ¢ refers to the efficiency gains in
construction, attributed to increased scale of industrial units. A 50 MW steam turbine requires the

same complexity of piping, condensers, control systems and pressure relief systems as a 250MW
turbine, with the main difrence being the larger size of components for the larger turbine. On a
per-MW basis, larger turbines are generally cheaper, the wind industry has demonstrated this with
G2RIF&@Qa @gAYR GdzZNDAYySa Fy 2NRSNJ 2F YI JfedisdzRS I
particularly important where the costs of design and construction are large relative to the raw
material cost.

Economies of scale through larg&olume manufacturing ¢ refers to manufacturing efficiency
gains achieved by producing very high volum&#en an industry reaches a scale where dedicated
component factories can be built with the certainty of an ongoing market, unit costs come down
significantly, as has been the case with solar PV and wind.

4.2. The Experience Curve and Learning Rate
The develoment and economics of renewable energy is sometimes illustrated by the use of the
experience curve. Experience curves show that cumulative quantitative development of a product
relates to the development of the specific costs.

Experience curves reflectalreduction in the cost of energy achieved with each doubling of capacity
¢ known as the progress ratio. If the cumulative deployment of a technology doubles, the learning
rate represents the achieved reduction in costs. The graph of the log of the @rstsswthe log of
cumulative installed capacity will follow a straight line. This is well demonstrated by photovoltaic
industry.

The progress ratio (P) is related to the Learning rate (L) by the following expression:
P=1-1

Historic data with steady learning rates allow for extrapolation into the future, and allow estimations
of when a technology will reach as certain price level. It demonstrates the development that may be
seen if the existing trends continue in the future.

The learning rate represents the effect of mass production (economies of scale) and the effect upon
production costs without taking other causal relationships into account, such as the cost of raw
materials or the demandgupply balance in aparticularfaS G 6 a St f SNRA& 2 NJ 6 dz2 SNR3
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5. Photovoltaic Technology

5.1. Introduction
Photovoltaic (PV) capacity has exhibited an average annual growth rate of 40% over the last decade
(seeFigure6). The installed capacity almost increased by 50% between 2008 and 2009 from 15.7GW
to 22.9 GW. The EPIA expects the total installed capacity at the end of 2010 is to be between 32 and
38 GW.

45000
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35000 .
30000 -t

25000 &

20000 /
15000
10000 /

5000 [

0 T T T T 1

2000 2002 2004 2006 2008 2010
Year

Historical - = = 2010 High Estimate - = = 2010 Low Estimate

Cumulative Installated Capacity (MW

Figure6: World Cumulative PV power installéd

Solar PV generates electricity through the direct conversion of dunlighe basic building block of
the PV system is the cell, which is a sennductor device which converts solar energy into direct
current electricity. PV cells are interconnected to form the PV module.

There are many different types of PV cells. Singlestalline silicon and muitrystalline silicon
represent 8590% of the PV market. Thin film PV cells represent-18% of the PV market, and
have many several different categories. Thin film cells less efficient, but cheaper, and crystalline
silicon cdlare more expensive.

Utility scale PV systems are generally built directly on the ground, and are typically between 1MW
and 50MW in size. The module is combined with a ground based, mounting system, to create the
solar collector array. The modules withthe array are connected to an inverter, which converts the
DC power into AC power, which is then transformed at a substation, for distribution in a high voltage
transmission line.
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1.1.1. Generation costs for PV Solar Power
The key parameters that govern tleest of PV power are the capital costs the solar resource and the
discount rate. Other costs are the variable costs including operations and maintenance costs. Of
these parameters, the capital cost is the most significant and provides the largest oppoffimi
cost reduction.

The capital costs themselves fall into one of two broad categoriesmh@uleand thebalance of
system(BOS) Themoduleis the interconnected array of PV cells and incorporates feedstock silicon
prices, cell processing and modusssembly costs. The BOS includes structural system costs
(structural installation, racks, site preparation and other attachments) and electrical system costs
(the inverter, wiring and transformer and electrical installation costs). A breakdown of tktefoos
a ground mounted system as suggested by the Rocky Mountain Institute is illustrated below in
Figure7®®,

45

40 - )
Structural Installation

35 4]
30 - m Racking

25 1 B Site Preparation

20 -

Electrical Installatior
100% - 10 ® Wiring, Transformer etc
4 5 |
90% u Inverter
80% -

40% - 07
30% - 60 I—
[V
200/0 50 +—— —
18;) ) 40 - Cell Processing
-
Photovoltaic 30 - B Module Assemble
Solar System
20 + m Silicon
0 -
0o >

Module

Figure7: PV Solar System Cost Breakddi¥n
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5.2. Historical Cost Reductions
As summarised by the EPIA, increase capacity has been associated with cost reductions. These
reductions are a result of both technological improvements and gbenomies of scale. Both the
module and balance of system components have experienced, or have the potential to experience,
reductions as a result of both of these factors.

According to EPIA the general industry trend to fewer and larger verticallyratéshmultinationals
has increased competition and price pressyand lead to synergies between different parts of the
supply chain.

The following analysis explores the cost reduction potentials for both module and balance of system
components. Both technological and economies of scale effects are covered.

5.2.1. PV Module
The module cost reportedly represents 60% of the capital cost foroang mounted systefh
Experience curves for the module price display a historic learning rate of 22% (capital costs have
reduced by 22% for eactodbling of capacity), for the period from 197803° (Figures).

100.0

(2010 $/W

=
o
o

PV Module Price

10 T T T T T 1

0 1 10 100 1000 10000 100000
Cummulative PV Capacity (MW)

Figure8: Historic Experience Curve for PV, with 22% Learninglpate

Departures from the historic learning rate from, 2003 to 2008, and have been attributed to varying
PV industry market dynamics, supply chain issues and profit m&tgBisce 2009 learning rates
have approached the historic rates.
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Technological Developments

Technological progress plays a large role in the development of PV technology, the chief focus being
the improvement in the efficiency of conversion of sunlight to electricity. There is a range of PV
devices, from low cost low effiaiey cells to high cost high efficiency cells. Commercial PV modules
fall broadly into two categories; wafer based crystalline silice8ifand thin film. Other emerging
technologies, including concentrating PV and organic solar cells have a significentigh for
performance increase and cost reduction, but are not explored heigure9 below illustrates the
different cost and performance of differing PV techrgiks".

usD usb usD usD usD Module
200 /m? 300 /m? 400 /m? 500 /m? 600 /m?  price per m?

3+ T
Crystalline

Silicon i

Technologies |

Technologies
10-15%*

Module price (USD per Wp)

5% 10% 15% 20% 25% Efficiency
50 W/m? 100 W/m? 150 W/m? 200 W/m? 250 W/m?  Performance

Figure9: Performance and Price of different PV modutés

Module efficiencies range from 10% for thin film cells to as high 20% single crystalline cells and have
an important impact on the cost through the entire module value chain and so areatritic
determining module pricing. Higher efficiencies result in higher power outputs per square meter,
which is a significant consideration, given that many module cost inputs are priced on a per meter
squared basis (e.g. glass).

A wide subset of techrdogies falls within the categories of Thin Film and Crystalline Silicon,
characterised by the underlying physical properties of the ssmnductor used. Within these
technologies, there is a further range of efficiencies, ranging from the theoreticahetdab scale

and finally production efficienciedrigure 10 illustrates the module price reductions, that Lux
Research expect to occur as a result of efficiency meaSuor some of PV technologies. It should
be noted that the relative apparent additional expense of the multi crystalline silicon technology
(mcSi), is partially offset by the lower area related system costs due to the higher conv&rsion
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Figure10: Module Priéng, driven by efficiencﬁ/2

The Lux research analysis shows that as PV technology matures, the production efficiencies
approach the improving labcale efficiency. The lag that exists between commercial cells and lab cell
efficiency has also been illustrated by Nemet (2&b&Best practice production single crystalline
silicon cells have achieved 20% efficiency, compared with lab level efficiefi@884% The IEA PV
Roadmap expects that general efficiency of production flat plate solar cells is expected to increase
from 16% today to 25% i2030", reducing the cost per kW by more 35%. Newer thin film
technologies (beginning from a lower stating efficiency point) are expected to increase from {0 15%
18% by 2034.
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Economies of Scale and Volume Effects

The worldwide PV module production capacity is rapidly growing, with a total announced module
production capacity (both crysiiine and thin film) of 24 GW in 2009, meeting a global PV market
SELISOGSR (2 0SS wmnD2 A'YTh® ERIA expdts ariediiNJorddSciion HAS y I NX -
crystalline cell and thin film) production capacity is expected to grow with a compounded annual

growth rate of around 22% for the next 5 ye&(Bigurell).
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Figurell: Production Capacity and Market Outlook projectiZ)n
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solar PV market has grown rapidly, experiencing a 20 fold increase in capacity in jugtdcdir

Together, China and Taiwan now produce more than 50% of both crystalline silicon cells and
moduleg, with China now leading the world in PV cells exports.

EPIA expects that the increased worldwide capacity and an increased inventory of PV modules will
continue to exert downwards pressure on prices in the near trnAt present, produion capacity
now exceeds expected demand and there is significant pressure to reduce costs.

The large and successful players in the PV supply chain are, by necessity, becoming increasingly
multinational and vertically integrated in their operations. Aatiog to the IEA, this well established
trend will continue, as synergetic relationships and economies of scale lead to cost retfuction

See Appendix Hor scenario definitions
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Upstream (Silicon Production) Trends

The current main source of silicon feedstock is virgin polysilicon. During early 2008 polysilicon
production capacity lagged behind the rising demand, resulting in a significant price spike (to
$500/kg)>.

Silicon production capacity expanded in response to the production lag, according to th&€. NREL
EPIA and also attributes the growth to a response to the previous silicon shortages. The shortage
was overcorrected, as a result of capacity expansions that were already in the pipeline, as new
capacity was constated. Production capacity outpaced demand in 2009 and the contract and
forward prices for polysilicon declined to around $100 per kg. EPIA expects silicon production
continue to grow at 30%.

Production of PV grade silicon feed stock was dominated by Gerntlae US, Japan and Korea in
2009. However, there are many new entrants in the market (including numerous companies in
China). This is expected to provide a more competitive supply / demand sittfation

5175
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Figure12: Forward Contract Prices for Polysilicon as charted by NREL Study

The NREL expects the price of silicon to decline continually in the near*futatre rate of about
12% per year from 2009 (s€égurel2). The current spot price is tracking below the contract prices,
currently at $76 per kg, with $60/kg expected by the end of 2B1Silicon production capacity is
expected to continue growing at 30% p.a. from 2010 t@£0putting further pressure on prices, as
more competitive capacity is brought on line.

Novel methods of silicon production have achieved pesgrduring recent years with several pilot
plants being put into operation. Whilst these new production methods have not yet been introduced
to the market, the IEA expects successful deployment will realise further cost reddttions
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5.2.2. Balance of System (BOS)
The BOS costs largely depend on the nature of the installation, and can vary between 20% (for a
simplified gridconnected system) to 70% (fon aff-grid system), with 40% representative of a
standard ground mounted systémThe BOS costs amdoducts are therefore an integral part to
achieving system cost reductions.

The BOScost reductions are arguably more complicated than Module cost reductions, as the costs
are incurred by many different parties (installers, suppliers, regulators, Wilitigilding owners etc).

The BOS industry is less vertically integrated and more fragmented than the module and upstream
production industries. Because of this fragmented approach, there are literally hundreds of potential
cost reduction pathwaysand potential synergies available between the different BOS costs.

Figurel3illustrates the potential cost savings, for the different BOS components according to the
Rocky Mountain Institute.

Technological Developments

There is much potential for technological developments to optimise physical design and reduce BOS
costs. There are many design strategies already being considered, however these strategies have not
been widely taken up, and in some case have not been combined in an optimal manner.

Electrical SystemsThe inverters remain a key development point. TheAl inverters,
which can contribute up to 10% to the system costs, offer a significant opportunity for
breakthrough in technical designInvertes have been developed with larger rated
capacities for the utility scale PV systems. New units simplify system design and installation
and can help to increase energy yigdut are not yet being widely deployed.

For some electrical systems, increasing integration between inverter processes and module
electronics is possible. Specially desigB€iScomponents may reduce cost downsizing or
eliminating some componerfts That is, BOS components can also reduce module
components cost (with increased cooperation and integration betwelep tnodule
manufacturers andBOSmanufacturers).

Structural Improvements Downsizing of the structural components enables considerable
cost reductions. The structure cost, in particular the racking, can contribute up to 40% of
BOS cosfs

Exposure to the wind forces is one of the factors affecting structural design; reducing
exposure to wind can reduce the structural requirements. Efficient vdesign (including
spacing, spoiling and deflection could result in a 30% reduction in the system structural
cost$.

Alternative approaches to regting structural cost involve using the actual module as a
structure. Racking systems could be significantly reduced by using the rigid glass as a part of
the structural systerHf.
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Installation: Increa®d installation efficiency comes with experience, scale and learning.
Automated equipment and higher levels of and preassembly, a result of economies of scale
and standardisation, (see below) will foer decrease installation costs. Estimations suggest
such strategies could save up to 30% of labour time and%bstsC2 NJ A y @S NI S NA =
installations may become possible, which reduce the requirements of specializedfabour

Economies of Scale and Volume Effects

There is great cost reduction potential for the BOS industry as it develops, and adopts similar
principles to those followed in the module industry. Larger (vertically integdateultinationals can

bring economy of scale reductions to fruition, and commoditize the BOS components. Already,
increased production and new market players are supporting the price reduction of the BOS
products*.

Standardisation:An increased level of component standardisation can decrease cost and
labour (and regulatory concerns). This standardisation of components can help drive
economies of sme, and lead to high volume manufacturing. Rssembled components
realised through the standardisation and resulting economies, can also offer cost savings in
the installation phase.

High Volume: High volume manufacturing has the potential to signifitanreduce
component costs, as it has in the module production industry. Significant cost savings
opportunities remain, as the BOS component manufactures are typically small (with small
market share), and utilise materials that are not specifically defigruse in the solar
industry. Larger companies (and perhaps more vertically integrated) will see consolidation
and increased volume, for reduced input. Significant cost reductions can be achieved by
reducing material and labour requirements, whilst inizay the throughput.
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Figure13: NearTerm Cost Savings
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5.3. Cost Projections
Based on these key costs drivers and cost reductions, projections of capital cost and hence levelised
costs can be made. The EPIA and IEA have made cost projections based on these cost reductions out
to 2030 and 2050 respectively. Each has multiigital costprojections, corresponding to different
scenarios with differing conditionsde Appendix lIifor details). Both the IEA and EPIA assume an
18% learning rate, which is less than the 22% learning rate experienced in the past.

The IEA reports the 201(gital cost for utility scale PV facilities as $4060/kW and expects the
capital costs of PV to drop by 70% to between $1220 and $1830 atdéwith projected by the IEA
that reductions in capital cost of 40% by 2015, and 50% by 2020 will occur.

EPIA reports the 2010 capital cost as being $3600/kW. They expect capital costs of $1380/kW in
their moderate scenario, and $1060/kW in the more optincisicenario by 2030. A capital cost
reduction of 50% by 2020 will occur according to EPIA

The EPRI analysis suggests the 2015 costs of PV are over $8000/kW for flat plate collector. A 35%
reduction in capital costs $5500 / kW in 2638 assumed to occur by EPRI (with the reduction to
begin occurring in 2015)The EPRI report included qualitative discussion around the cost reduction;
however thee was no specific justification of 35% rate. This 2030 capital cost is within the range of
the 2010 costs from IEA and EPIA.

The AEMO data wasken from Scenario 1 of input assumptions to the 2010 NPNldlelling,
representing the bestase data in the range of s@mns modelled. The AEMO data assumes that
the capital cost for flat plat photovoltaics begins at $5118/kW in 2010 and linearlyeakses
(starting from 2015) to $3581/kW in 2030. The AEMO dataset is based on the EPRI analysis.

Residential scale PV installations are currently available in Australia at between approximately
$4500/kW and $6500/k\W. This value excludes RECs and any athbsidies, and is in line with the
international residential scale prices. As suggested by EPIA, utility scale investments are in a position
to leverage volumes and lower negotiate pritesBoth the IEA and EPIA report lower prices for
utility scale systems.

The projected LCOE for the different outlooks is presentédgnrel4.
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Figurel4: Comparison of PV LCOE's between different cost projections

A similar feature to all of the studies is the rate of cost reduction, (with the exception of the EPIA
reference scenario). The key difference between the outlooks is primarily the starting point, from
which the cost reduction occurs, (which is a restildiffering current capitatostsappraisals)LCOEs
based on internationastudies are in the range of $2®811, which are 28640%lower than AEMO
LCOE at $384

5.3.1. Key findings

e LCOE are in range of $22%404 / MWh, and are projected to continue along the
learning curve between 182%.

e International based cost figures are 28%% lower than the Australiaspecific studies.

e The capital cost data used in Australian specific studies are significantly higher (100% in
the case of EPRI) than international numbdéasd residential scale numbers).
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6. Wind Power

6.1. Introduction

The industry has experience an average growth rate of 28% over the past decade, and has doubled
on average every 3 years. The total installed capacity was almost 160 GW at the end of 2009, and
Global Wind Energy Council (GWEC) estimates that a further 30 GW was installed ‘h(Rig/Loe

15).

250

200

150

100

50

Cumulative Installed Capacity (GW

—

0 .
2000 2002

Historical

- - = GWEC High Estimat

2004 2006 2008 2010
Year

GWEC Low Estimat

Figurel5: Cumulative Wind Power Instatl Globally

Modern utility scale wind turbines are typically deployed in arrays of 380 turbines, known as
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tower. The rotor drive shaft is either directly connected to an annually generator (aireat
turbine) or, more commonly, the shaft is connectaaa gearbox. Transformers within the nacelle
transform the power for distribution to the power collection system.

The individual turbines are connected to a power collection system (generally at medium voltage)
and control system. At a substation the medaiwoltage power is transformed and connected to a
high voltage transmission network. The land in between turbines may be used for other purposes;
however road access, for both construction and O&M are required.

Turbine power is controlled by maodifying thade pitch (the angle of attack with respect to the
relative wind) as the blades spin around the rotor hub, and the turbine is pointed into wind by

rotating the nacelle around the tower.
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6.1.1. Generation Costs for Wind Power
The key parameters that govern tlvest for wind power are the capital costs, wind resource quality
and the discount rate. Other costs are the variable costs including operations and maintenance
costs. Of these parameters, the capital cost is the most significant and presents the latgesiapo
for cost reductions.

The capital costs of a wind power project are broken into several categories. These categories
include the turbine cost, construction costs, grid connection costs and other capital cost. The
construction costs include foundan work, road construction and buildings, and grid connection
costs include cabling and substations. The turbine cost includes the production transportation and
installation of the turbine itself (e.g. blades, transformer). A breakdown of the costliigbn can

be found inFigure16®.
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Figurel6: Capital Cost Distribution for a Wind Turbine (gearbox drie)

The turbine cost can be further categorized into the major components. The EWEA have suggested a
turbine cost breakdown representative of aagbox driven turbine (as opposed to direct drive) in a
European settingRigurel6). The major cost items include the rotor blade, the tower and gearbox.
¢CKS W.2F ty208S NN OF 6§S3I2NE Ay Of dzZRS&a 20KSNJ YAY 2N
rotor hub, cabling, and rotor shaft.

25
Renewable Energlechnology Cost ReviegMelbourne Energy Institute, March 2011



6.2. Cost Reductions
Wind power has experienced cost reductions as capacities have expanded. Experience curves have
been developed ancehrning rates of 108hhave been observed (based on historic records). The
experience curve is for wind power capital cost is shdwaiow in Figure 17, for European
installations (with the data sets spanning roughly between 1990 and 2008).
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Figurel?: Historic Wind Experience curve, with Learning e

Supplyimbalances increased turbine prices from around 2004 according to Berkeley Labs. This
imbalance occurred at the same time as a surge in steel and other base commodity prices, (and
prices rose as cumulative capacity increased)ccording to the WEA, some supply chain issues
have resolved, and the learning rate has been returned to more historic values.

Figure18 illustrates the cost data and projectionspafside two different learning rates (7% and
5%). The IEA projections incorporate a 7% learning,radailst the EWEA suggests a learning rate of
10% will occur (in line with historic observatiéhs
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Figurel8: Recent Experience Curve, with projected learniages and industry projections

The US DOE suggests that technology innovation (leading to reduction in O&M requirements;
extending turbine lifespans; and reducing the cost of components) is a crucial driver for reducing the
LCOE of wind power. Additionalthhe opening of new markets and resulting economies of scale, as
well as stronger supply chains, have the potential to yield further cost reductions.
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6.2.1. Technology
Technology remains a key driver for the reduction in levelised electricity costs for widdisa
characterized by incremental reductions in the cost of energy, rather than by single leap. According
to the US DOE, there is a general focus on the development of:

o Stronger and lighter materials
0 Super conductor materials, for better electrically ei#nt generators
o Larger, more flexible rotors.

There is a longerm drive to develop larger turbines, which is a direct result of the desire to improve
energy capture by accessing the stronger winds at higher elevations. Currently, the largest turbines
are 7.5MW, and the IEA suggests 20MW turbines will be available by*20%@& EPRI analysis in
contrast assumes there will be an ultimate turbingeslimit in the range SMWP. Both the IEA and

US DOE expect improvements through using advanced towers, advanced rotors, reduced energy
losses ad improvements to the drive traff*®.

Throughout the past 20 years, average wind turbine ratings have grown almost [fiicBdgh group

of wind trbine designers has predicted that its latest machine is the largest that a wind turbine will
ever be. However, turbine size has grown along the linear curve and has achieved reductions in life
cycle cost of enerd$§. According to the IEA Wind Roadmalpe tkey development points are the
rotors, the blade, the tower and the drive train.

Blades Blades typically account for 20% of the wind turbine cd3stdlanufactures have typically
tried to achieve two (contradictory) goals; increase blade length and reduce material volume
(and cost). Longer blades increase the swept area, which increase the energy capture.
However simply increasing the blatength without changing the design would make the
blades heavier, and the blades would incur greater structural loads.
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Figure19: Blade Growth for US Blade Test Faciliffes

Both the IEA and US DOE recognise the focus on advanced materials with higher strength to
weight ratios, (for example carbon fibre). Blade length has continued to increase over time
(seeFigure19), and will continue to increase as technological progress is fhadeording
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to US DOE. According to both the EWEA and IEA, blade lengths are anticipated to increase to
approximately 125m by 2020.

Drive Train:Improvements that remove or reduce the fixed losses during low power generation are
likely to have anmportant impact on raising the capacity factor and reducing .d@atasitic
losses when summed over the entire add up to significant numbérese improvements
include innovative poweelectronic architectures and larggcale use of permanesmagnet
gengators. The IEA has identified the gearbox as a key development area (and efficiency
loss point), and EWEA has notekbar a trend towards a simplification of thgearbox
component,(e.g,one-stagegearboxe} and directdrive turbines.

Direct drive systems, which avoid gear boxes altogether, (which represent up to 15% of the
turbine cost) are receiving increased attention, according to the EWEA. These systems
eliminate the gearbox (and thus gearbox failure) which have historically proved
challenging’, and utilise annual generators (sdggure 20 below), Directdrive systers
eliminate gear losses, increasing the system efficiency, whilst also and also reducing O&M
cosf®. Direct Drive systems do however use expensive earth metals (Neodymium) in the
permanent magnets, which (partially) offsets the cost savings.

Main carrier

Yaw drive
Annular generator
Blade adapter
Rotor hub

Rotor blade

Figure20: Enercon Direct Drive Turbine

Tower. Tower cost reductions could be achieved through lighter generators and othex ttdin
components. This would reduce tower head mass (and thus structural requirement of the
026SNO® bS¢ YFEGSNARAIEa SAff Ffaz2z SyoO2dzNI 3S
dependence on steel for taller toweérgwhich are expensive).

As placing the rotor at a higher elevation is beneficial it is highly likely that this component
will be examined more closely in the future. The higher valuginfl at higher elevations

will drive development into turbines that sit on even higher towers. There is generally a
trade off between higher winds speeds and against the additional capital expense of making
the towers higher. Again, new materials (chegpmiaterials will provide considerable cost
reduction opportunities.
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New tower erection technologies might play a role in O&dsts which wilklso help drive
down the system cost of energly

The US DOE quantifies the effects of the improvement in technology by determining the
effective increase in capacity factor expected, (using a constant resource as a basis for
comparison). For example, as hubidghts increase, the energy extracted from an identical
wind resource will also increase. The EWEA expects that the capacity factor achieved for a
particular quality will increase over time, as a result of all the technological improvefhents

A summary of the US DOE expected performance improvements for wind turbine, expressed
in terms of capacity factors, is Trable3%.

Table3: Potential improvements in capagi factor from advances in wirfd

Technology % increase of existing capacity factors
Best Case Expected Worst Case
Advanced tower concepts +11% +11% +11%
Advanced rotors +35% +25% +10%
Reduced energy losses and +7% +5% +0%

improved availability

Drivetrain +8% +4% +0%
(gearboxes, generators and
power electronics)

Capacity FactorPrevious studies (including the ACIL Tasman Review), estimate the capacity factor
of successive wind deployments to continually decline over time, as the better wind
resources are exhausted preferentially. Whilst this phenomenon is a reality, this simple
analysis fails to incorporate the improvement in capacity factors as a result of technological
improvements. These improvements will partially or completely offset the reduction in
capacity that occurs as wind resources are depleted, according to the EWEA

6.2.2. Wind Resource Assessment
Models are needed to predict wind patterns in difficult terrain and also wake effects for large wind
farms. Thesdactors can have serious implications for wind energy capture, and improved modelling
is likely to better optimize the wind resource, and thus decrease levelised“tostacreasing
forecasting accuracy is also likely to improve the value of the wind energy (by helping produces
meeting delivery targets).
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6.2.3. Economies of Scale and Volume Effects
Industry growth over the past decades has given riseditldnecks in supply of key components,
including labou#®. The IEA reports that these issues have been addressectbieeate automated,
localised, largescale manufacturing for economies of scdleith an increased number of recyclable
componenty®®. Now, overcapacity in the supply chais putting considerable price pressures on
manufacturer$®, according to the Bloomberg Wind Turbine Price analysis. Manufactures are
continuing to reduce costs, and are displaying aggressive pricing, with recent decreases in wind
turbine costs driven by new US manufacturing capatity

Ly AYLERNIIFYyd RS@OSt2LIVSyld Aa GKS LISNF2NXIyOS 27
even optimists in tb industry. By the end of 2009, China had more than 80 wind turbine
manufacturing business, and is readying itself to enter the international markehich GWEC

expects to put further downward pressures on the wind turbine pricing.

Onssite Manufacturing:To reduce transportation costs, concepts such asitgmanufacturing and
segmentedblades are also being explored. It might also be possible to segment moulds and
move them into temporary buildings close to the site of a major wind installation so that
the blades can be made close to, or actually at, the wind site.

Commaodity Constraints The use of rar@arth permanent magnets in generator rotors instead of
wound rotors has several advantages (high energy density c.f. copper). However, according
to the EWEA it increases the exposure to rare earth metal availability and supply
constrains.

Installation experience Installation experience of a country or jurisdiction can have a large impact
2y GUKS RS@St2LIYSyil 2F 6AYyR LpigeetSaeiofiedpvetyKS 92 9
time-consuming to establish, and it usually takes seveedry to adapt regulatory and
administrative systems to deal with these new challenges. Grid connection procedures or
multi-level spatial planning permission procedures tend to be both inefficient and
unnecessarily costly in new wind energy marketsExperience suggests that the
GFRYAYAAGNI GA2Yy SELISNASYyOS¢ OdzNBS A& LI NI A Od
that once authorities and gridbperators have the experience and are used to the
procedures, development can happen very fasthis is a particularly relevant observation
in the Australian context, has approximately only 2000MW of wind currently installed.
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6.3. Cost Projections
GWEC and IEA have made cost projections based on these cost reductions. Each organisation has
multiple projections, corresponding to different scenarioghmiiffering conditions, and levelised
cost projections were made based on these capital cost projec{see Appendix Ifbr details).

The EWEA assumes that the cost trajectory will continue along an optimistic 10% learning rate for
the next 5 yedr. More conservative estimates were used but GWEC and the IEA, which assumes
the cost trajectory will continue along at a 7% learning rate.

The IEAeports current capital cost for wind power to be $1725 /kW, and predicts capital cost to
decline to $1420/kW by 2030

The GWEC is reporting cent capital cost of $1890/kw , and predict $1590/kW will occur by 2030 in
their moderate scenario. The capital cost is expected to have reduced to $1790 by 2020.

The EPRI data suggests the 2015 capital costs for wind power is more than $3500/kWuthedass

that capital costs will decrease by 35% by to around $2300 by*288@in, The EPRI report included
qualitative discussion around the cogtduction; however there was no specific justification of 35%

rate (or the capital costs). The 2030 EPRI estimate is higher than all the GWEC and IEA estimates for
2010 capital costs.

The EPRI analysis is also basis for the AEMO datasetSesmth(io 1 ofnput assumptions to the
2010 NTNDP modellijlgy AEMO assume that the current capital cost for wind is $3018, which
reduces to $2415 by 2030. The cost reductions occur after year 2015.

A recent media release from AGL suggests that tilstailed cost for McCarthur Wind Farm was
around $2400/kV¥°. This is falls between the international and Australian specific studies. It is
however roughly as low as (and in fact slightly lower than) the capital cost that AEMO project to be
realised in 2030However, further analysis of current data from Australian wind power projects is
required and would be a useful next step.

The projected LCOE for the different outlooks is presentédgnre2l.
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The cost of wind energy is at record lows. For the purposes of context, it should be noted that some
projects in highwind$ & 2 dzZNDS I NBFa o6!'{Z .NITAftZ {6SRSY I yR
of below $68/MWH?® (2010 AUD). However, these projects would have higacity factors, and
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A similar feature to all of the studies is the rate of cost reduction, (with the exception of the EPRI
analysis). Again, the key difference between the outlooks is primarily the current LCOE, which is a
result of the different current capitatostsused LCOEs based on internatiorstlidies are in the

range of $965110, which are roughly 4650%lower than AEMQ.COE at $158

6.3.1. Key findings

e LCOE are in range of $8%35 / MWh, and are projected to continue along the learning
curve at roughly 7%.

e Internationalbased LCOE figures are 50% lower than the Austrafianific studies.

e The capital cost data used in Australian specific studies are significantly higher than
international numbers.

33
Renewable Energlechnology Cost ReviegMelbourne Energy Institute, March 2011



7. Concentrating solar power (CSP)

Comparison of solar thermal costs fitre purpose of this review has primarily focused on towers,
which while less mature than troughs, are considered by several independent analyses to have the
greatest potential for lowest cost production of electricity. Sources of data have included:

e U.S. [epartment of Energy CSP Progrdower Tower Technology Roadmap and Cost
Reduction Plan

e International Energy Agencyechnologjroadmap Concentrating Solar Power

e European Solar Thermal Electricity Association & A.T. Kearney Ass@iddeshermal
Electicity 2025

e Sargent & LundyAssessment of Parabolic Trough and Power Tower Solar Technology Cost
and Performance Forecasts

e SolarReserve, tower developguplications and personal communicatipns

e Abengoa Solar, tower developgrublications and personabmmunication$

e SENER/Torresol Energy, tower developeblications and personal communicatipns

7.1. Comparison of projected costs of CSP from several analyses
The below graph shows cost projections from a range of organisations and studies reviewed. As
discused later, authors of the AT Kearney (ATK) study have indicated that realistic costs for towers
lie at or near the lower end of their range shown.

These studies indicate that $1A0/MWh (not including RECs or other subsidiéy) 2020 is
achievable undeexpected global growth conditions. The IEA, AT Kearney and Sargent & Lundy study
indicate that $100/MWh or less is achievable with greater or further growth and experience. Many
of the factors leading to reduced costs for CSP are more a function of nszketind economies of
scale than just time. Therefore achieving the rate of cost reductions shown in the international
datasets are dependent upon the projected deployment rates occurring, largely as a result-of CSP
specific support policies.

The AEMO dasset has similar costs in the 202015 timescale as the other analyses. However the
rates of decrease for the international studies are higher up until 2020. Whilst the slightly higher
starting cost for the AEMO dataset likely reflects Austraipacificconditions, the projected rate of
reduction up to 2020 is lower than international analyses.
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Figure22: Comparison of LCOEsith RECsfor CST from a range of studies. All calculated for DNI = 2400kWh/m2/year

7.2. Solar thermal po wer z introduction

Figure23: Diagram of solar thermal central receiver power towenote in real plants there are hundreds to thousands
of heliostats (Image: Sharon Wong 2010)

Solar thermal power, at its simplest, uses mirrai2 O2y OSY iGN} S GKS &adzyQa
temperatures in the order of several hundred degrees, hot enough to boil water, generate
superheated steam and drive a conventional steam turbine in the same way that a fossil or nuclear
thermal power plant works.

There are a number of different mirror configurations available, such as parabolic troughs and
paraboloidal dishes. This analysis however, will mainly focus on power towers, or central receiver
plants, unless otherwise mentioned, as several analyses poumards power towers having the
greatest potential for low cost power out of the solar thermal technologies

The key components of a central receiver or power tower system are:

e Central receiver toweg a concrete or steel tower, over 100m tall. At the tofpthe tower is
a receiver, consisting of rows of vertical tubes made out of a-t@giperature alloy, in
which heat is absorbed from rays of concentrated sunlight into a heat transfer fluid,
commonly water (steam) or molten salt).

e Heliostat fieldg a helostat has flat mirrors mounted on a pedestal which tracks the sun on
020K FES&T NBFfSOGAYy3I GKS adzyQa tA3IKG22yaG2 0
in area, and a tower will have hundreds to thousands of heliostats, in the case of large
systems fully surrounding the tower in 360

LlE.g. Sargent & Lundy LLC, 2003, IEA CSP Roadmap, 2010, discussion and full references in main report body.
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