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E#5iE: windpower monthly, May 2013

value around €800/kW, or lower. COId weather pUShES

e up cost of gas
~ SERVICING
a A severe cold spell affecting
Maintenance costs .t ofrurope pushed gas
remain low prices towards €40/MWh,
making current gas-fired
US wind turbine maker GE has generation costs around €90/

announced an agreement with ~ MWh.This is more expensive
the Taiwan Power Company to than the current generation cost

provide maintenance, repairs of onshore wind. While gas

and spare parts for 26 turbines prices are unlikely to remain at
of 1.5MW in Taiwan.The - this level into spring and
agreement, worth $11.4 million,  summer, it illustrates one of the
corresponds to €45/kW/year, drawbacks of relying on fossil
which is a cost consistent with ~ fuels — that the price is subject
prices elsewhere. This figure to fluctuation. Once a wind farm

represents a useful benchmark,  isbuilt, on the other hand, the
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1. Risk premium
2. The CAPEX of offshore wind farm (per
Kilowatt)

from 2009 through 2013
3.The cost of decommissioning / CAPEX (%)
4.The annual cost of O&M / CAPEX (%)
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Risk premium We are seeing ~7%
added to the cost of equity for the
market / technology with up to a
further 2% for project specific factors.
In total, WACC is typically in the 9-
12% range.
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The CAPEX of offshore wind farm (per Kilowatt), from 2009 through 2013

e

— /

Average
Number of CAPEX Number of
: Total MW (weighted projects
projects .
COMMISSio commissio by MW where
ned ned project CAPEX is
size) [2012 reported
prices]
2009 8 743 €2.81m/MW 6 (75%)
2010 4 774 €3.37m/MW 4 (100%)
2011 4 517 €2.93m/MW 3 (75%)
2012 4 1189 €3.65m/MW 4 (100%)
2013 2 642 €3.34m/MW 1 (50%)
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e CAPEX of offshore wind farm (per Kilowatt)

/

/ |

Estimated life-cycle cost breakdown for a typical offshore wind

project [ Musial, 2010]

stimated life-cycle cost breakdown for a typical offshore wind project

$4,250/kW based on market surveys, 2010 [W. Musial 2010]

Turbine $1200 28.3%
Electrical Infrastructure $463 10.9%
Support Structure $565 13.3%
Logistics and Installation $442 10.4%
Development and Permits $187 4.4%

Other Capital costs $51 1.2%

Operation & Maintenance $870 20.5%
Other Variable Costs $472 11.1%

W. Musial, R. Thresher, B. Ram. Large-Scale Offshore Wind Energy for the
United States: Assessment of Opportunities and Barriers. CO, Golden:
National Renewable Energy Laboratory, 2010. E
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The cost of decommissioning / CAPEX (%)
Calculating decommissioning costs is a highly
uncertain process dueto lack of industry experience
(only a single 220kW turbine has previously been
decommissioned) — hence costs may be estimated
pased on a bottom-up approach, but they cannot
ne benchmarked against real-life experience. As
part of a major study, GLGH calculated
decommissioning at ~$190k/MW or ~5% of CAPEX.
BOEMRE (2010) estimated decommissioning

at ~$140k/MW.
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The The annual cost of O&M / CAPEX (%) O&M
costs are a major component of OPEX
(OPerational EXpenditure). Neither are routinely
made publically available. Using in-house cost
models, which have been verified against
iIndustry knowledge, GLGH have calculated
operational costs for all future UK projects.
Average annual OPEX costs equal 1.9% of total
CAPEX (1.5% for O&M costs alone)
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Regarding risk premium, we are not qualified to provide opinion on
this subject and it is good for Formosa/Swancor to seek
Independent advice. However, we have been informed from
sources we have in the market that the answer is it depends but a
ball park figure is that at finance closure (FC) with a proven
technology in a proven area you are looking at 5% return.

An equity rate of between 9 and 11% is normal for new onshore
projects in Denmark. This allows for a risk premium of between 5
and 7%. This again represents the relatively low risk in onshore
power projects when compared to the average risk premium on the
OMX 20 on the Danish stock exchange, from 1983 to 2002, which
was 7.2% (Saabye, 2003).

Page 29 of the reference: IEA Wind Task 26-Multi-national Case
Study of the Financial Cost of Wind Energy, March 2011.
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The CAPEX of offshore wind farm (per Kilowatt), from 2009
through 2013

Current CAPEX for offshore wind ranges between € 3m —
€4m/MW

In general, up to 2008 CAPEX was approximately €1.5m-
€2m/MW

| have attached a slide with a rough indication of CAPEX over
the past years (MM source)

The cost of decommissioning / CAPEX (%)

1-3% of CAPEX

annual cost of O&M / CAPEX (%)

Range of €c 1.7-4.5/kWh, average 2.64 ct/kwh.

3-5% of the CAPEX

[depends on a number of things such as No. of WTG,
distance from shore etc.,]
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e

OPEX projections from different sources

Source Value
Ernst and Young (2009) $50
KPMG (2010) $27-$48
ECN (Lako, 2010) $40-$66
EWEA (Krohn et al., 2009) $17
EWEA (Morthorst et al., 2009) $21
Germany (IEA) $46
Netherlands (IEA) $11
Belgium (IEA) $54
Eurelectric (IEA) $43
China (IEA) $20

(2011), d0i:10.1016/j.enpol.2011.07.044

Reference: Levitt, A.C., et al., Pricing offshore wind power. Energy Policy




- xpenditures (or CAPEX) mostly comprise m
turbines, foundations, and inter-array cabling, but also include construction financing,

rence 11

abor costs for

development costs, and operating capital. Substation and high-voltage export cable
costs, which equate to less than 20% of CAPEX (Krohn et al., 2009), are generally but
not always included in reports of actual costs.

B T I
Irstalled Cost for Operating :
Q Praject O
SO0 dnmounced Cost far E D
_ ‘ Proposed LS. Praject Q : —
E O Announced Cost for H _E."'
= 40aa Prapased European Project .E.-" 0
E — Capacity-Weiphled Averape ﬁja
wi 200 Project Cost '
y§ o 0 B
I
s I
2 2000 e . »
3 - o ;
1000 i
|
0 |
1990 1995 2000 2005 2010 2015

CAPEX/kw for European and US projects. Points to the right of the dotted line are planned.
CAPEX shows a marked increase from 2007 through 2010.

Ref: Levitt, A.C., et al., Pricing offshore wind power. Energy Policy (2011),
0i:10.1016/j.enpol.2011.07.044




~—— —Reference 12 -

CAPEX values for completed and running commercial-scale
plants have ranged between $1500 and $4750/kW, though
contracted future costs and recent actual costs and are in a
narrower band between $3500 and $5750 per kW, as shown in

above figure.

CAPEX projections for Offshore wind power plants by source.

Source

CAPEX (USD2010/kw)

BWEA and Garrad-Hassan
(2009)

$3450-$5850/KW

Greenacre et all. (2010)

$4500-$5250/kW

Ernst and Young (2009)

$4500/kW

KPGM (2010)

$4400-$5000/kW

Krohn et al.

$2000-$2700/kW

/
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OPEX - Operating Expenditures (or OPEX) apply to both the wind
farm and the interconnection infrastructure, and includes
administrative costs, operations and maintenance costs (“O&M”),
Insurance, taxes, and payments for rent, royalties, and rights of way.
OPEX does not generally include warrantied capital repair costs,
such as those used to remedy the serial design defects common in
the middle 2000s. OPEX values have a high uncertainty due to lack of
published data, and will tend to increase as equipment ages.

Data from Round 1 UK projects, which were required to disclose
such costs. They report values ranging from $12 to $36/MWh, with an
overall capacity-weighted average of $19/MWh. Another source of
data is from the pioneering project Middelgrunden, with reports of
actual O&M in arange $17-$27/MWh

(Svenson and Larsen, 2008 - Svenson, J., Larsen, J.H., 2008. 8 years
O&M experience from Middelgrunden Offshore Wind Farm, Brussels
ed. In: Proceedings of the European Wind Energy Conference,
EWEA)).
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Long-term operations and maintenance costs are relatively uncertain by
comparison with CAPEX; to minimize the risk of underestimating the cost of
offshore wind power, it was recommended to use the relatively higher range of

OPEX estimates.

/ |

OPEX projections from different sources

Source Value
Ernst and Young (2009) $50
KPMG (2010) $27-$48
ECN (Lako, 2010) $40-$66
EWEA (Krohn et al., 2009) $17
EWEA (Morthorst et al., 2009) $21
Germany (IEA) $46
Netherlands (IEA) $11
Belgium (IEA) $54
Eurelectric (IEA) $43
China (IEA) $20

(2011), doi:10.1016/j.enpol.2011.07.044

Reference: Levitt, A.C., et al., Pricing offshore wind power. Energy Policy
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Decommissioning Cost Estimation —

From the operator’s point of view, decommissioning activities
represent a cost to be incurred in the future, while from the
government’s perspective, decommissioning represents an
uncertain event and financial risk if the operator becomes
Insolvent or cannot meet its financial obligations under the lease.
According to Dan Mccue on Jul 27, 2912, Developers can
estimate that offshore installation costs are typically 5% to 15%
of overall capital costs, and decommissioning costs would
usually be half of that, or roughly US$100,000 to US$160,000 per
MW, according to projections by the Energy Research Group of
Baton Rouge, La. A typical wind farm's life cycle is believed to be
around 26 years, but the longevity of wind turbines operating
offshore is still an unknown because limited working examples
exist. The United States' first offshore wind farm likely won't be
operating until 2015, and Europe's oldest offshore turbines of 20-
plus years still have life ahead of them.
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Estimated cost of removing a wind turbine and associated
foundation (including safe disposal of environmentally sensitive
materials) is just under £365k. For the 75 turbines of the Lincs
windfarm, this implies a total cost of £27,322k. Costs are based on
2009 rates.

For Thanet Offshore Wind Farm, These costs will typically
involve a mobilisation fee of around £1,000,000 and then a charge
for each day of operation of typically £50,000 to £75,000 per day at
2008 prices. The net decommissioning costs is around £40,000 per
MW indicating a net decommissioning cost for the Thanet project
of £12m at 2008 prices.

Gwynt y Mor Offshore Wind Farm Ltd proposes a
decommissioning budget in the region of £400,000 per turbine or
approximately £64m (for 160 turbines).

Reference:

LINCS Offshore Wind Fram Decommissioning Plan-Dec. 2010

Thanet Offshore Wind Decommissioning Plan, May 2008

GWYNT Y Mor Offshore Wind Farm Decommissioning Strategy-
Feb. 2011
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