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Development of an engineering project

Analysis success as a product and

Project: Conceptual [ Economic sustainability:
Executive as an investment project

Execution: Implementation
Commissioning
Operation

Economic Engineering: application of techno-
economical analysis fools to fo the engineering project
aiming at identifying the best choice between
excluding alternatives...
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Development of an engineering project

Case study: decision about investing R$ 1 billion in @
photovoltaic power plant or in a wind farm (both greenfield)
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Development of an engineering project

Case study: decision about investing R$ 1 billion in @
photovoltaic power plant or in a wind farm (both greenfield)
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Development of an engineering project

Case study: decision about investing R$ 1 billion in @
photovoltaic power plant or in a wind farm (both greenfield)

R$ 1 billion

R$ 1 billion

)

)

Capital to be invested
(CAPEX) from whichitis
expected some revenue
(investment fund, etfc.)

Alternative: acquisition of
government bonds (public debt,
etc.) at fixed interest rates,
having the same redemption
term and virtually no risk



Development of an engineering project

Case study: decision about investing R$ 1 billion in @
photovoltaic power plant or in a wind farm (both greenfield)

R$ 1 bilhdo

R$ 1 bilhdo

)

)

Financial temporalsimulation of
the powerplant, including
expenditures occurring at the
design and execution phases, as
wellas revenuesand costs during
the operation phase during the
entire lifespam

Cash flow
(capital budgeting)



Development of an engineering project
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443.267.933,
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51423512,
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61 Turbines (FOB) incl. Erection 75,34
Sea transport and inland transport 6100000, 63.3239904 10,76 7.346.216,
Crane 300t, incl. sea transport 120000, 12457174 021 144 515,
Crane works
Installation (3 days per turbine) 427000, 44326793 075 514 235,
Local installation 305000 3166.1999 054 367.310.
Subtotal 49.652.000, 515.436.520,3 87.61 59.795.790,1 59.795.790_1
2 | Civil works
Road access 427500, 44378694 075 514 837 3
Crane pads 152500, 1.583.0994 027 183.655 4
Foundation 1891000, 196304370 334 2.277.327 0
Cable trenches 600000, 62285892 106 722.578 6
Control building 50000 519.049, 60.214,
Subtotal 3.121.000 32,399, 3.758.61 37586133
3 |Required electrical equipment
Extension of substation 200000,d 25952459 044 301.074,
Civil works new substation 150000.4 15571473 026 180.644,
Transformer (132kV / 33kV) 800000,d 830478584 141 963.438,
Auxiliary equipment of substation 150000.0 1.038.0983 0,18 120.429
132 kV components 360000,0 37371533 064 433547
OHL 1x1x125mnt 5 km (132kV) 600000.0 62285892 1,06 722578,
Wind park cabling, earthing, Scada (20 km) 380000,0 394477331 067 457 633,
4 x distribution stations on site 800000 8304784 0,14 96.343,
Electrical eguipment inside control building 120000.4 12457174 021 144 515,
Auxiliary transformer at control building 150000 155.714,1 0,03 18.064,
2 x cars for maintenance team 100000, 1.038. 0,18 120.429.
Subtotal 2,955,000, 30.675.801,9 521 3.558.699, 3.558.699.84
2 [Enceen
Intemational enginering 550000, 5709.540,1 097 662.363,7 662.363,7
Local engineering 150000 1557.147.3 026 180.644 7 180.644 7
Subtotal 700.000, 7.266.687.4 1.24 843.008.4 662 363 7 180644 1
5 |Others
_rumw 244 870 25419920 043 | 294896 5] %3
Subtotal 244.870.1 _Lﬁ_922.!]1- 0.43 2819_6.-% 895,
Total 72.870.4 588.320.046.4 100.00 | 1. 458.1 7.79

I[temized Investment Cost of and Ethiopian Wind project
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Cashflow analysis: expenses and incomes

cash flow project
($/At) commissioning
\ 1
:\_/ revenues
i > time
\ : e —— T ——

— —— fixed costs

\—\/—\

: CAPEX

OPEX




Accumulated cashflow:

accumulated
cash flow
AN

> time




Accumulated cashflow

beginning of
senescence

accumulated

end of lifespan

business success

project success

increase in operation costs
due to equipment
depreciation

cash flow

N




Accumulated cashflow: characterization parameters

accumulated
cash flow
A

benefit

break-even

> time

maximum
investment




Parametros do fluxo acumulado - saldo do projeto

accumulated
cash flow
A

60MW
surplus

SOMW
surplus

> time

67bar boiler
----------- 150bar boiler

TCAPEX IZ> TRevenues




accumulated

Which one is better?

A Wind

Photo

> time

----------------------------------------------------- R$ 1 billion



Objective decision criteria...

accumulated
cash flow
A

payback

> time

Payback:

* Liquidity, less exposure to risks

* disregards revenues after payback
 disregards temporal value of money




Objective decision criteria...

accumulated
cash flow
A

benefit

> time

Payback:
maximum * Liquidity, less exposure to risks
investment * disregards revenues after payback

 disregards temporal value of money

N M benefit / cost:
expresses how much benefit can be obtained form
each unit of value invested...
* disregards temporal value of money




Temporal Value of Money
U

Internal Rate of Return




Which one is better?

Project A
Return of RS 15 in
3 yearsor return of R$65,00
i R$50,00
RS20in4
‘ ??I?n???\;ears R$0,00 1‘ R$0,00 R$100,00
anol ano?2 ano3 ano4 & > years
R$115,00
v
R$100,00
Project B
| R$70,00
R$20,00 R¥30.00 R$100,00
R$0.00 4 T o
' years
anol ano?2 anod ano4 R$] 20.00
v
R$100,00




Temporal value of money

Reference:

5% per annum
at virtually no

risk (example)
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Temporal value of money

Reference:
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Temporal value of money

AL
r

I8 D X5 5
R f [ ] :" E e Tes oy {5 DOU
eference ST
. Vo) R

ey WOTOR2
ERM e,

T T SIS 0P AVERI
5% perannum e
risk (example)

R$100,00 ——> R$105,00 —> RS$110,25

future value future value
(1 year) (year 2)



Temporal value of money
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Temporal value of money

Reference: @
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FV =PV - (1+r1)"




Temporal value of money
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RS$S86,38 «—— RS$90,70 «—— RS$95,24 <—— RS$100,00
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Temporal value of money: expenses and incomes

cash

flow
T R NoORF R
N N
Ro R, A2 R R, é Ro Rio
t 1 t 1 t 1
D] v v D4 D5 I:Zé Dv7 D8 D‘? D]O

NPV = PV, « R, are incomes @ k-th period
‘ + D, are expenses @ k-th period
npy = S Re=Di « ris the discount rate reflecting

= (@A+r) the opportunity cost




Spreadsheet formulae...

taxa 5%

ano i) 1 2 3 4 Total Beneficio/Custo

valor [-R$  100.00 | RS -~ |r¢ 6500|RS  50.00]RS - |R$  15.00 15%)|
RS

RS 58.96 1f[{1sr)"2 ~ €&—o
RS 43.19 1/{1+r)"3

RS - 1/[1+r)4
PVTotal |[R$  2.15
Beneficio/Custo 2.15%
taxa 5%
ano i) 1 2 3 4 Total Beneficio/Custo
valor [-R$  100.00 | RS - |rR¢ 2000|R$ 3000|R$S 70.00|RS  20.00 20%)|
RS

RS 18.14 1/[{1sr)"2 ~ €&——
RS 25.92 1/{1+r)"3
RS 57.59 1/(1+r)*4

PV Total | RS 1.64
Beneficio/Custo 1.64%




Spreadsheet formulae...

taxa 5.60%

ano i) 1 2 3 4 Total Beneficio/Custo

valor [-R$  100.00 | RS -~ |r¢ 6500|RS  50.00]RS - |R$  15.00 15%)|
RS

RS 58.29 1f[{1sr)"2 ~ €&—o
RS 42.46 1/{1+r)"3

RS - 1/[1+r)4
PVTotal [R$ 075
Beneficio/Custo 0.75%
taxa 5.60%
ano i) 1 2 3 4 Total Beneficio/Custo
valor [-R$  100.00 | RS - |rR¢ 2000|R$ 3000|R$S 70.00|RS  20.00 20%)|
RS

RS 17.94 1/[{1sr)"2 ~ €&——
RS 25.48 1/{1+r)"3
RS 56.29 1/[1+r)4
PV Total |-RS 0.30

Beneficio/Custo -0.30%




NPV: limitations

-



Net Present Value: limitations

Project A ProjectB
Initial Initial
Investment Investment
RS 10 milions RS 2 billions

$ $

NPV = RS 2 millions NPV = RS 3 millions

Execute B because VPL; > VPL,, however ...



Variation of the NPV in function of the discount rate...

Project A
R$65,00 R$50.00
R$0,00 R$0.,00 N —
: [ : NPV, (r) = ZRK Dkk
anol ano2  anod  ano4 = (1+7)
4
R$100,00
Project B

R$70,00

R$0,00 R$20.00 R$3’FIOO T YR, -D
R > NPV, (r) =) "k

anol ano2 ano3 ano4

v
R$100,00




Variation of the NPV in function of the discount rate...

RS 25,00 -
FC_A
; N R D RS 100,00
RS 20,00 - - RS
_ k — Yk
J NPV, (r) = Z RS 65,00
RS 15,00 - RS 50,00
RS
RS 10,00 -
RS 5,00 - F 5,9%
RS 0,00 T T T |
0,0% 2.0% 4.0% 6, 100%  12,0%
-RS 5,00 -
5,27 NPV, (r) =
-RS 10,00 -

-RS 15,00 -

FC_B

-R$ 100,00

RS

RS 20,00
RS 30,00
RS 70,00




Variation of the NPV in function of the discount rate...

= ': « referential discountrate (opportunity cost)

N F) V "_-.,,_.;T —

execute A
(greater NPV)




Variation of the NPV in function of the discount rate...

= ': « referential discountrate (opportunity cost)

N Pv A _I..lr_;:'!i": (L _'.Jr_-:'?:__m__.

execute B ex e A
(greater NPV) (greaterNPV)




How to evaluate the
opporiunity cost by
setting the discount rate ?




Variation of the NPV in function of the discount rate...

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Taxa Selic Diaria Histdrica (Pds Plano Real - 1994 até 2010)

mar/1995 : 85,74% 26/07/20] 7:
9.25 % a.q.

nov/1997 : 46,39%
mar/1999: 45,00%

mar/2003: 26,35%

ago/2005:19,76%

out/2008:13,67%

10,66%

1994

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010



Variation of the NPV in function of the discount rate...

NPV

Viability limit: the discount
rate above which the
project is no longer
economically viable




Variation of the NPV in function of the discount rate...

NPV
l IRR - Internal Rate of Return
r
\ A
B
N _
r = NPV(r)=0 = R =D =0

~(1+TIR)*



Variation of the NPV in function of the discount rate...

NPV 4

IRR - Internal Rate of Return

Vv
)

IRR, > IRRg; — A is more resiliente than B
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Techno-Economical Analysis of an Investment Project (Capital Budgeting):

Capital
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Techno-Economical Analysis of an Investment Project (Capital Budgeting):

Capital
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Techno-Economical Analysis of an Investment Project (Capital Budgeting):

Capital
W' jr\f\? T T Engineering Project
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CAPEX/OPEX
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Cash Flow /
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Techno-Economical Analysis of an Investment Project (Capital Budgeting):

Capital
-

4 Engineering Project

~>
CAPEX/OPEX

> $ ﬁ
Cash Flow \/ fffff
>
R Dccision Parameters DEE

<>
Execution




CAPEX / OPEX

Obs.: solar thermal
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Wind power plants: CAPEX/OPEX

, Height over sea/ground level, m

1999 2002 2003 ~2005
1 2 3 5

HUB HEIGHT H 60 70 90 100
ROTOR D 60 70 90 120

SPEED n

20 17 13 5-15

2010?

10 Mw
120 m
160 m
3-10 rpm

Eiffel-tower

320 m

4,50 ¢/kWh

Current LCOE

Blade

Controls/Sensors

Pitch Control

Condition Monitoring

Drivetrain
Generator
Electrical N
&
Tower i\
M
Pitch System o
(@]
Foundation g.
Nacelle 2
=}
0
>
O
m
P24

SCADA

Yaw System
Castings/Forgings
Systems

Yaw Control

3,75 ¢/kWh

2025 LCOE

2%
3%
2%
2%
1%
2%
1%
1%
1%
2%
2%
2%
1%
1%
1%
1%



Current LCOE 4,50 ¢/kWh Deployment and Cost for U.S. Land-Based Wind

2008-2012
Blade 2% /
Controls/Sensors 3% BN WG POWE (CENTSALOWATTHOUY / ’
I = |NSTALLED WIND CAPACITY GW
. o s 40 40
Drivetrain 2% 5
Z
Generator 2% Qo .
Electrical m 1% 20 »
(@]
Tower :\ 2% 10 -
™
Pitch System g— 1%  (RAANANNABBEREEE
. @) & & & +
Foundation g. 1%
-}
Nacelle —. 1% o —
> — (65 USD/W] & Produced Silicon PY Modules
Pitch Control Q 2% = o) !
> g B Onshore Wind Power Plants
- o B, (Denmark) i
Condition Monitoring 1 2% 8 @ Onshore Wind Power Plams
g usa)
SCADA 2% g 1
= 2010
Yaw System 1% g (1.4 usDw)
E 2009
i i 0 1981 — .
Castings/Forgings 1% o .9 vsoI
0 .
Systems 1% 1 e
Yaw Control 1%
05
1 10 100 1,000 10,000 100,000 1,000,000

202 5 LCO E Cumulative Global Capacity [MW)]

(MD) LNIWAOTdIA ANIM JAILYINIAND



Wind power plants: CAPEX/OPEX

1400 -
1200 - y =1,4752x
1000 - 2
w CAPEX cost breakdown for
8 800 - a wind turbine
g Power Converter
o 4%
» 600 -
= Generator
J Rotor Blades 3%
20%
Pitch & Yaw
400 . Beazrgi:gs
Tower
25%
200 -
0 T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900

poténcia instalada (MW)



Wind power plants: CAPEX/OPEX

caracteristicas tipicas usina solar fotovoltaica unidade
insumo energético primario vento -
capacidade instalada tipica 28,00 MWp
FECC Nordeste 35,00 %
Tempo médio de implantagao 18 meses
utilizacdo de mao de obra baixa -
Qualificagdo da mao de obra alta -
caracteristica de operacao intermitente -
custo dos insumos baixo -
custo operacional médio -
emissdo GEE baixa -
grau de maturidade tecnoldgica TRL9 -

parametros valor unidade

custo capital 3,23 kRS/kW
custo operacional 7,91 RS/kW/més
venda eletricidade (13/12/2013) 120,37 R$/MWh




Wind power plants: CAPEX/OPEX

caracteristicas tipicas

usina solar fotovoltaica

unidade

insumo energético primario vento -
capacidade instalada tipica 28,00 MWp
FECC Nordeste 35,00 %
Tempo médio de implantagao 18 meses
utilizacdo de mao de obra baixa -
Qualificagdo da mao de obra alta -

caracteristica de operacao

intermitente

custo dos insumos baixo -
custo operacional médio -
emissao GEE baixa -
grau de maturidade tecnoldgica TRL9 -

parametros

unidade

custo capital 3,23 kRS/kW
custo operacional 7,91 RS/kW/més
venda eletricidade (13/12/2013) 120,37 RS/MWh

<« depreciation



Wind power plants: CAPEX/OPEX

R$ 1 billion — 310 MWp

35%

310 GWp —» 108 MW
108 MW — 0,85 MR$/month

108 MW — 9,33 MR$/month

108M)/6.120- RS 24-30-N/7 433\ 1R$/month
M)Io/h/ month
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Wind power plants: cash flow

cash flow
($/month)
A
Q Qo Qo
2 2 2
1) L) 1)
o o o
S S S
S &
i i 9,33 MR$/month
i . . revenues
35 years
mée . miz 0.85%( T) MR$/més —  OPEX
CAPEX : L depreciation
1 GR$/18 months !

month 18
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Photovoltaic power plants: CAPEX/OPEX
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PV CELL MATERIALS
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Copper-Indium-

Gallium Diselenide
(CIGS)

Hybrid organic & non organic

Organic PV (OPV)

Dye-sensitized solar
cells(DSSC)




Photovoltaic power plants: CAPEX/OPEX

$16.00

$8.00

$4.00

$2.00

$1.00

$0.50

$0.25

Plummeting Cost of Solar Modules
(Cost Per Watt in 2012 Dollars)

-- Coal / Natural Gas Cost Band --

) PO O S [ P! L et TR P L ) S R S B %A A R S RO S T W R L A R

1980 1984 1988 1992 1996 2000 2004 2008 2012

Sources: DOE NREL Solar Market Report, SolarBuzz Retail Price Environment




Photovoltaic power plants: CAPEX/OPEX
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Photovoltaic power plants: CAPEX/OPEX
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Photovoltaic power plants: CAPEX/OPEX

caracteristicas tipicas

usina solar fotovoltaica

unidade

insumo energético primario luz solar -
capacidade instalada tipica 40,00 MWp
FECC Nordeste (5) 30,00 %
Tempo médio de implantagao 36 meses
utilizacdo de mao de obra baixa -
Qualificagdo da mao de obra alta -
caracteristica de operacao intermitente -
custo dos insumos baixo -
custo operacional médio -
emissdo GEE baixa -
grau de maturidade tecnoldgica TRL8 -
parametros valor unidade
custo capital (30MW) (1) (2) (3) 13,31 kRS/kW
custo capital (300MW) (1) (2) (3) 11,25 kRS/kW
custo capital (60MW) (1) (2) (3) 13,08 kRS/kW
custo operacional (1) 6,93 R$/kW/més
venda eletricidade (4) 215,12 R$/MWh
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usina solar fotovoltaica

unidade

insumo energético primario luz solar -
capacidade instalada tipica 40,00 MWp
FECC Nordeste (5) 30,00 %
Tempo médio de implantagao 36 meses
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custo operacional (1) 6,93 R$/kW/més
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Photovoltaic power plants: CAPEX/OPEX

R$ 1 bilion - 82 MWp
89 GWp = 27 MW
27 MW — 0,185 MR$/month

27 MW — 4,18 MR$/month

R$ 24-30-h

27TMW - 21512 -
MWh month

= 418MR$/month




cash flow

Photovoltaic power plants
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cash flow

Photovoltaic power plants
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Analysis of the Investment Projects (Capital Budgeting)
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Photovoltaics at the 10/2014 bid:
202 MWp @ RS 215,12 / MWh

x R$ 100 / MWh

diversification of
energy sources

Tax incentives,

Hidrelétrica 91.650  96.925  5,8% exemp tion from taxes
Térmica? 39.580 41276 4,3% for g ul pmenT,

Nudear w0 1090 oox  differentiated fariffs,
Edlica 7633 10424 32,6% efc.

Solar 21 24 13,1%
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B Other Public Communication

For immediate release

Information received since the Federal Open Market Committee met in April suggests
that economic activity has been expanding moderately after having changed little during
the first gquarter. The pace of job gains picked up while the unemployment rate remained
steady. On balance, a range of labor market indicators suggests that underutilization of
labor resources diminished somewhat. Growth in household spending has been
moderate and the housing sector has shown some improvement; however, business
fixed investment and net exports stayed soft. Inflation continued to run below the
Committee’s longer-run objective, partly reflecting earlier declines in energy prices and
decreasing prices of non-energy imports; energy prices appear to have stabilized.
Market-based measures of inflation compensation remain low; survey-based measures of
longer-term inflation expectations have remained stable.

Consistent with its statutory mandate, the Committee seeks to foster maximum
employment and price stability. The Committee expects that, with appropriate policy
accommodation, economic activity will expand at a moderate pace, with labor market
indicators continuing to move toward levels the Committee judges consistent with its
dual mandate. The Committee continues to see the risks to the outlook for economic
actity and the labor market as nearly balanced. Inflation is anticipated to remain near
its recent low level in the near term, but the Committee expects inflation to rise gradually
toward 2 percent over the medium term as the labor market improves further and the
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To support continued progress toward maximum employment and price stability, the
Committee today reafiirmed its view that the current 0 to 1/4 percent target range for the
federal funds rate remains appropriate. In determining how long to maintain this target
range, the Committee will assess progress—-both realized and expected-toward its
objectives of maximum employment and 2 percent inflation. This assessment will take
into account a wide range of information, including measures of labor market conditions,
indicators of inflation pressures and inflation expectations, and readings on financial and
international developments. The Committee anticipates that it will be appropriate to raise
the target range for the federal funds rate when it has seen further improvement in the
labor market and is reasonably confident that inflation will move back to its 2 percent
objective over the medium term.

The Committee is maintaining its existing policy of reinvesting principal payments from
its holdings of agency debt and agency mortgage-backed securities in agency mortgage-
backed securities and of rolling over maturing Treasury securities at auction. This policy,
by keeping the Committee’s holdings of longerterm securities at sizable levels, should
help maintain accommodative financial conditions.

When the Committee decides to begin to remove policy accommodation, it will take a
balanced approach consistent with its longer-run goals of maximum employment and
inflation of 2 percent. The Committee currently anticipates that, even after employment
and inflation are near mandate-consistent levels, economic conditions may, for some
time, warrant keeping the target federal funds rate below levels the Committee views as
normal in the longer run.

Voting for the FOMC monetary policy action were: Janet L. Yellen, Chair; William C.
Dudley, Vice Chairman; Lael Brainard; Charles L. Evans; Stanley Fischer; Jeffrey M.
Lacker; Dennis P. Lockhart; Jerome H. Powell; Daniel K_ Tarullo; and John C. Williams.
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The Committee is maintaining its existing policy of reinvesting principal payments from
its holdings of agency debt and agency mortgage-backed securities in agency mortgage-
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and inflation are near mandate-consistent levels, economic conditions may, for some
time, warrant keeping the target federal funds rate below levels the Committee views as
normal in the longer run.
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