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Conceitos basicos para di i imil do circuito hidraulico e calculo de custos
Q/Qmod Q (m’ls)

2and 3

N o o b

Weir (agude)

channel (canal)

Forebay (camara de carga)
Penstock (conduta forgada)
Powerhouse (central hidroelétrica)
Tailrace (restituicao)

Gross topographic head = approx. the

elevation of the canal minus the elevation
of the river at the tailrace of the power
house
Queda topografica bruta wmsp aprox. igual a

diferenca entre a cota do canal e a cota do rio na

seccao de restituicao da central
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intake weir and

containing turbine
and generator

Calculo da energia produzida e da poténcia a instalar

Dimensionamento das componentes principais do circuito hidraulico

Computation of the energy produced and of the installed capacity.
Design of the main components of the hydraulic circuit

C itos basicos para di i iminar do circuito hidraulico e calculo de custos

Q/Qmod Q (m’/s)

Assumptions: VECO - 5% Vmean annual flow,

monthly “rotated”; all the discharges

smaller than Qmax can be turnibed

Pressupostos: Veco=5% Vescoamento aual médio, “rodado”

mensalmente; possibilidade de turbinar todos os

caudais inferiores a Qmax

Conceitos basicos para di i iminar do circuito hidraulico e calculo de custos

Q/Qmod Q (m%s)

5
4 1 \
a

plena carga

34

 caudal inferior a Qmax

Vturb (volumd anual médio turbinado ...) + 10

|
1
| 1 com T15
1
1
1

Qmax+Qeco
—_—

Veqo (volume resenado pata fins ecolpicos)
s

Qeco

o
0 50 100 15'0 200 250 300 350!

Caudal ecolégico inferior ao previsto (condicionado
pelo regime natural das afluéncias)

VxH, . .
= __energia P=98xnxQxH
E 3600 77 poténcia

9.8xn

Energia anual média produzida (mean annual energy production) (GWh)
Poténcia a instalar (installed capacity) (kW)
Volume anual médio turbinado (mean annual turbined volume) (hm?3)

energia Queda util de calculo da energia (net head for energy computation) (m)*

botencia  Queda util de calculo da poténcia (net head for installed capacity computation) (m)*

Irx<7um

Q Caudal maximo derivavel (design discharge) (m3/s)

n Rendimento médio global da central hidroelétrica (average efficiency of the power house)

* preliminarmente, cerca de 97.5% e 95% de H,, respetivamente (preliminary, 97.5%
and 95% of the gross topographic head)




[of itos basicos para di i iminar do circuito hidraulico e calculo de custos

Acude/weir

Canal Camara de carga/forebay
Conduta

forcada/penstock

Central hidroelétrica/
/powerhouse

Design of the main physical
components of the hydraulic circuit

Dimensionamento das principais
componentes fisicas do circuito hidraulico

ACUDE cimara Concecao de base
DE CARGA

CENTRAL

= N
RESTITUICAO

(<] [Er—
—

Conceitos basicos para dil

Acude munido de tomada
de agua do tipo tirolés

Weir with a Tyrolean-type
water intake

[C] cronerarcazozsaes
—

google. h?q ter+intake+vidi z=1C1CAFA_enPT728PT728&oq=tyrolean+wat
er+|make+V|deo&gs Icrp_EgZ|aHvaWUyBggAEEUYOTIHCAEQIngATIHCAIQIngAdIBCDgzMDRqMGo3qAIAsAIA
Energla Hidica 202372024 &sour Id=cid:45376deb,vid:Ud4C7_q4Ejg,st:0 511




[of itos basicos para di i iminar do circuito hidraulico e calculo de custos

Acude munido de tomada
de agua do tipo tirolés

Fungéo: (1) criar carga hidraulica que permita a admissao de caudais ao circuito
hidraulico; (2) permitir o posicionamento do trecho inicial do circuito hidraulico acima
do nivel da cheia de projeto no curso de agua imediatamente a jusante do agude; (3)
comportar érgaos anexos, incluindo tomada de agua para o circuito hidraulico,
descarga de fundo, dispositivo para langamento do caudal ecol6gico e escada de
peixes.

Function: (1) to create the hydraulic head that allows the deviation of
the river discharges into the hydraulic circuit; (2) to prevent, under
flood conditions, the overtopping of the initial reach of the canal
immediately downstream the weir by placing it above the design flood ™.
level; (3) to allow the installation of auxiliary elements like gates to
isolate the canal, trash racks for the water intake, ecological and fish
pass ways

Flood conditions

[T 7
D . Dy— H - B -
@ Crerpaisies 20202026 https://www.youtube.com/watch?v=Ud4C7_q4Ejg o @ SS—— "
PT EN
Nrn cAMARA (PT] cAMARA (ENI
DE CARGA DE CARGA
- CANAL Y CANAL
1= 2440m 1= 2440m
CENTRAL Queda CENTRAL Gross
bruta, Head,
Hbru!a |-Ibruta
... preliminary ...

... preliminarmente ...

Nrn: Nivel de retencdo normal = cota do talvegue na
seccao de implantacao do acude + h1 (com h1 ~ 10 m)

Cota do coroamento do acudeV¥= cota dos muros de ala
laterais  (tem de conter uma folga de pelo menos 1 m
relativamente ao nivel da cheia centenaria sobre a soleira
do agude) = Nrn + Hc + 1 = NMC +1 (Hc altura de agua
sobre a soleira descarregadora quando da ocorréncia dag
cheia centenéria) :

Nrn: Normal retention level = river bed elevation at
the weir section + h1 (with h1 ~ 10 m)

Elevation of the crest of the lateral abutmentSV(at
least a safety gap of 1 m in relation to the water
depth over the spillway of the 100-year flood) = Nrn
+ Hc + 1 = NMC +1 (Hc = water depth over the
spillway under 100-year flood conditions; NMC =
flood level)




[PT] C itos basicos para di i preliminar do circuito hidraulico e calculo de custos

Calculo da altura de agua sobre a soleira
descarregadora em condic6es de cheia
(descarga livre ndo controlada)

Qp=CL./2g HCc3?

Qp caudal de ponta da cheia centendria (m3/s) (22 parte)

C coeficiente de vazao (0.48)
L comprimento da soleira descarregadora (m, L)

Hc carga sobre a crista da soleira descarregadora

igual & diferenca entre os niveis de méxima cheia, —

NMGC, e o nivel de reten¢@o normal, Nrn (m)
Hc = NMC-Nrn  4mmmp NMC = Nrn + He

~+——————————12 + encastramento lateral

Largura do vao de descarga, L, ou largura do
Jusante ! leito do rio + encastramento lateral (2 + 2 m)

Montante

s

[~ Con

Montante

Largura do rio, L1 +
encastramento lateral (2+ 2 m)

[PT] Conceitos basicos para di i preliminar do circuito hidraulico e calculo de custos

Calculo da altura de agua sobre a soleira

descarregadora em condicoes de cheia
(descarga livre ndo controlada)

Qp=CL./2g Hc3?

, _—= Enconttos laterais:

Qp caudal de ponta da cheia centenaria (m®/s) (22 parte)

C coeficiente de vazéo (0.48)

L comprimento da soleira descarregadora (m, L)

Hc carga sobre a crista da soleira descarregadora
igual a diferenga entre os niveis de maxima cheia,
NMC, e o nivel de retengao normal, Nrn (m)

Hc = NMC-Nrn 4 NMC = Nrn + He

Tendo em conta a pequena altura do
acude (apenas h1=10 m), para evitar o seu
eventual derrube, Hc nao deve exceder 3.0

a 3.5 m, se compativel com a largura do
vale. Isto é, se o comprimento da soleira
do descarregador nao exceder a largura
do vale, de modo a evitar a escavacao
excessiva das margens do rio

[EN] Conceitos basicos para di i iminar do circuito hidraulico e calculo de custos

Computation of the water depth over the
spillway under flood conditions
(uncontrolled spillway)

Qp=CL./2g Hc3?

Qp 100-year peak flood discharge (m?/s) (2" Part)
C discharge coefficient (0.48)
L length of the crest of the spillway (m, L)

Hc head over the crest of the spillway equal to the =
difference between the maximum flood level, NMC,

and the normal retention level, Nrn (m)
Hc = NMC-Nrn  4mmmp NMC = Nrn + He

Downstream

L2 + lateral abutment
Length of the crest of the spillway, L, or width of the
river bed + lateral abutment anchorage (2 + 2 m)

Downstream |
m) | 1

t 15

T
2+(h1/8)+(h1x0.7)+ 2.5

Length of| the spillway I ‘ 5

Upstream

e Upstream
Width of the river bed, L1 + lateral

abutment anchorage (2+ 2 m)

[EN] Conceitos basicos para di i iminar do circuito hidraulico e calculo de custos
Computation of the water depth over the
spillway under flood conditions
(uncontrolled spillway)

Qp=CL./2g Hc3/?

, = Lateralabutmenis:

Qp 100-year peak flood discharge (m3/s) (2" Part)

C discharge coefficient (0.48)

L length of the crest of the spillway (m, L)

Hc head over the crest of the spillway equal to the
difference between the maximum flood level, NMC,
and the normal retention level, Nrn (m)

Hc = NMC-Nrn 4 NMC = Nrn + He

Due to the small height of the weir (only
h1=10 m), to prevent its overturning, Hc
must not exceed 3.0 to 3.5 m, if
compatible to the width of the valley,
i.e., if the length of the crest of the
spillway do not exceed the width of the
: river valley in order to avoid excessive

| 2om the excavation of the river margins




[PT_l Ci itos basicos para di i iminar do circuito hidraulico e célculo de custos

Nivel de maxima

cheia, NMC
——v [
Nivel de retencao I Alcado
el (& esquematico do
acude
Igente, 10 m)

Somente na zona do
talvegue/descarregador de superficie

I
ke A:" Cota do leito do rio

o
IPI m (profundidade média da escavagéo)

; anc
Perfil transversal Largura do vale +/- (h1+h2) m acima do leito do
esquematico do -3 rio, L2*+4m para encastramento lateral ~ ———2¢% -

rio na zona do

acude Largura do leito do rio, L1*

Comprimento da soleira descarregadora<-——-N=orr—roC 7

*
Larguras a deduzir com base na cartografia disponivel e, no caso de L2, dependentes do declive das encostas

[PT] Conceitos basicos para di

do circuito hidraulico e calculo de custos

Nivel de maxima 2.0m

cheia, NMC
Y Pressupostos
Nivel de retengdo o
normal, Nrn | h1 ~10 m (fundo canal aprox. 5 m

B acima do leito do rio)

e A\ O v h2 = (NMC-Nrn)+1 mmp folgade1m
ST entre o NMC e a cota do coroamento

v' Encastramentos lateral e na fundagao

de2m

Cota do leito do rio*

2.0 m (profundidade média da escavagéo)

Perfil transversal Largura do vale +/- (h1+h2) m acima do leito do
esquematico do -2 rio, L2¥ +4m para encastramento lateral =~ ————5¢%-- -
rio na zona do
acude Largura do leito do rio, L1*

* . . . ’ .
Larguras a deduzir com base na cartografia disponivel e, no caso de L2, dependentes do declive das encostas

[EN] conceitos basicos para di i iminar do circuito hidraulico e calculo de custos

Maximum flood

level, NMC

Normal retention

Schematic cross
level, Nrn

section of the weir

Only downstream of the spillway

Elevation of the river *
'h

g
”;x;: D m (average excavation depth)
il

Schematic cross Width of the valley +/- (h1+h2) m above the river
section of the s bed, L2* + 4 m for lateral abutment anchorage — %< -
river at the

location of weir Width of the river bed, L1*

* Widths estimated based on the available topography and, regarding L2, also depending on the slopes of
the lateral hillsides

20m [EN] Conceitos basicos para di i iminar do circuito hidraulico e célculo de custos

Maximum flood
level, NMC

| Assumptions
Normal retention 02 < v h1 ~ 10 m (bottom of the canal approx.
level, Nrm | 5 m above the river bed elevation at the
section of the weir)
v h2 = (NMC-Nrn)+1 mmmp safety gap of
1 m between the NMC and the elevation
of the crest of the weir
v Lateral and bottom “anchorages” of 2 m

Elevation of the river *

2.0 m (average excavation depth)

Schematic cross Width of the valley +/- (h1+h2) m above the river
section of the bed, L2* + 4 m for lateral abutment anchorage — %<~ -
river at the
location of weir

* Widths estimated based on the available topography and, regarding L2, also depending on the slopes of
the lateral hillsides 523




h2

[PT]
Largura do vale +/- (h1+h2) m acima do leito do

rio, L2¥+4m para encastramento lateral

20m [EN]
_We Width of the valley +/- (h1+h2) m above the river
- N ) - & bed, L2* + 4 m forlateral abutment anchorage — B+ -
—“ a Largura do leito do rio, L1 * B 1 ﬁ‘ @ Width of the river bed, L1 *
8 h1 & h !
----- = Comprimento da soleira descarregadora ~ Length of the spillway crest
25m d 2 m 25m N 2 m
20m e 20m St e
Gompﬂ o “Soaﬂegado‘ 3 e sptway o =
(6] 1 o g 1
\e\\'a the ! \8“9\\7\4,,- tha i
1 ] | Y
2m i 2m . i
- = - - N\
1 \\ ‘. i i \ l‘
i ht+2m l i ht+2m 1
S H 1 B, H 1
N \\\ ‘I o ':
>, \ - ~,
Calculo aproximado, \\ Aot N\ } Computation, as ‘\\ sﬂe"““ !
mas tio rigoroso D, Jus N accurate as possible, ™ pow" !
~, A .
quanto, possivel do am . i, of the concrete 2m e, &
~, H . - ~, H
volume de betdo tendo “or gL R volume taking into Y Ao 2 Em
em conta a volumetria : aﬂegad account the 3D shape ! T e
. o)
3D do acude o\e\‘ “,ara of the weir 0(:»1 “cho‘age
\’\\ x a\ WS \a{eta
Coﬂ\p‘i\\a‘egu{a o x“': \a\‘Le Lena® nhezsp\ sor tne
*
iver
Calculo aproximado do volume de betdo tendo em conta a volumetria 3D do acude
[PT]

Largura do vale +/- (h1+h2) m acima do leito do

- rio, L2* + 4 m para er to lateral &
Largura do leito do rio, L1 *
Nivel de mé 20m Nivel d 20m
cheaNMC _ T 1 =200 4 o & cheia, NMC
— o Comprlmento da soleira descarregadora —
Nivel de retencao Nivel de retencao i
normal, Nrn normal, Nrn
07 0.7
1 h 1 1
8 8
hvariavel hvariavel
Cotada margem Cotada margem
2.0 m (profundidade . Lo 20 fundidad
médiade escavagao)  Nivel de maxima mé;‘af;oezzal/zagii)
cheia, NMC 20m
Comprimento variavel Comprimento variavel
1
8

h constante ( 10 m

Cota do leito do rio
-y

2.0 m (profundidade
media de escavacao)

Comprimento p

mente

-ado fixo 526

[EN]

Computation of the concrete volume taking into account the 3D

Width of the valley +/- (h1+h2) m above the river
& bed, L2* + 4 m forlateral abutment anchorage — B

ape of the weir

-
. . *
1 Width of the river bed, L1
Maximum flood —2:0m Maximum flood +—20m_{
levelNMC _ —pF T = > level_ NMC
Normal retention h2 Length of the spillway crest Normal retention h2
level, N level, N
- g 07 07
1 : 1 1 ‘
8 7 8
hvariable hvariable
Bank elevation Bark elevation
2.0m (average 2.0m (average
excavation depth) \ L tention o excavation depth)
: L 20m
Variable length level, Nrn Variable length
- 0.7
1 1
8
h constant { 10 m)
Elevation of the river
~oA | ) W

Energia Hidrica 2023/2024

T

2.0 m (average
excavation depth)

Length preliminary considered fixed




NMC 20m [PT] Ci itos basicos para di i preliminar do circuito hidraulico e calculo de custos NMC 20m [EN] Conceitos basicos para di i preliminar do circuito hidraulico e calculo de custos
—— A —
Nm Algado esquematico do agude Escavacdo Nm Schematic cross section of the weir Excavation
1
8
* Larguras/comprimentos a deduzir h1+h2 * Lengths/widths to be estimated
Cota do leito do rio* com base na cartografia disponivel 25m  Ejevation of the river * based on the available topography
N A sum—
2.0 m (profundidade média da escavagéo) 2.0 m (average excavation depth)
2+ (h1/8)+(h1x0.7)+25 2+ (h1/8)+(h1x0.7) +25
- L2 + encastramento lateral > - L2 + lateral abutment >
i Largura do vo de descarga, L, ou largura do ! E Length of the spillway crest, L, or width of the !
! ) ; > i ' river bed + lateral abutment anchorage (2 + 2 m) H
! Jusante 1 leito do rio + encastramento lateral (2 + 2 m) Jusante | ! Downstream | Downstream
| | : o e e .
€ g € :*m u,x_r;xmuwg'r. A?’Wi \!)EJ»;H. :’z"a — ﬁ§ - m g
3 3 o :- heiap “E% 3
Montante - T Montante Upstream , - Upstream
Largura do rio, L1 + encastramento Wldth of the river bed, L1 + Iateral
@ EnoriaHidica 202372024 lateral (2+ 2 m) 8 @ Eneria Hidica 20232024 abutment anchorage (2+ 2 m) 20
[PT] Ci itos basicos para di i iminar do circuito hidraulico e calculo de custos [EN] Conceitos basicos para di i imil do circuito hidraulico e calculo de custos
Escavacgao Excavation

Excavation volume ~ area of the horizontal projection x excavation depth
(2m)

( + a escavacao eventualmente necessaria ao alargamento da zona
central do rio, quando tal zona tem originalmente uma largura inferior ao
comrpimento da soleira descarregadora)

L2 + encastramento lateral

Largura do véo de descarga, L, ou largura do
Jusante |_leito do rio + encastramento lateral (2 + 2 m)
|

Montante Montante

Largura do leito do rio, L1 +
encastramento lateral (2+ 2 m)

Excavation volume ~ area of the horizontal projection x excavation depth
(2m)

( + the eventual excavation required to enlarge the central zone of the
river when that zone as originally a width smaller the length of the crest
of the spillway)

L2 + lateral abutment
Length of the spillway crest, L, or width of the

river bed + lateral abutment anchorage (2 + 2 m)
| Downstream

Downstream

u’v\‘vv( 5 v o
] SR R BT R m«mal

Upstream

) ] Upstream
W|dth of the river bed, L1 + Iateral

abutment anchorage (2+ 2 m)




[pT] C itos basicos para di i preliminar do circuito hidraulico e calculo de custos

Calculo do custo do acude

Nivel de maxima 20m
cheia, NMC v'Custo da construcéo civil (agude, tomada de
—_— - ——
—— h2 agua e outros orgaos)
Nivel de retengao s .
normal. Nm Betéo, incluindo cofragem: 120 €/m?
. Escavacdo e colocacdo em depdsito em
- 0.7 escombreira: 30 €/m3
1 .
K v'Custo do equipamento
8 hi 10% do custo da construcéo civil
25m Cotado leito do rio
Yy
NN N
2.0 m (profundidade médiada escavagao)
; L2+ o lateral -
| Largura do vao de descarga, L, ou largura do |
i Jusante | leito do rio + encastramento lateral (2 + 2 m) | |
: i = |
1 i 1§ :
: I ; !
| 2+ (h1/8)+(h1x0.7)+25 \
e | 3 .
:‘ | It Compnmenﬂ‘o do descarregador i‘ ” S
Montante ‘Q—F Montante
Ia ) Largura do leito do rio, L1 +
Energia Hidrica 2023/2024 encastramento lateral (2+2 m) 532

[EN]

Maximum flood 20m

level, NMC

— A
Normal retention
level, Nrn

h2

0.7

h1

Conceitos basicos para di i liminar do circuito hidraulico e calculo de custos

Cost of the weir

v Cost of the main civil construction works

(weir and water intake)
Concrete, including formworks: 120 €/m?
Excavation and deposition: 30 €/m?

v Equipment cost

10% of the civil construction cost

25m
t Elevation of the river
v

Y
2.0 m (average excavation depth)

T
/ 2+ (h1/8)+(h1x0.7)+25

L2 + lateral abutment

Width of the crest of the spillway, L, or width of

the river bed + lateral abutment anchorage (2 + 2 Downstream |

Downstream m) \ :

D‘I
<

Length of fhe spillway 2 | ‘ §

[ [Em—
—

Upstream T Upstream
Width of the river bed, L1 + lateral

abutment anchorage (2+2 m)

Passagem para
peixes

(fishways or fish
ladders)

Energia Hidrica 20232024 534

Conceitos basicos para do circuito

Energia Hidrica 2023/2024

Canal (adugao em superficie livre)

Canal (free surface flow)




Conceitos basicos para dimensionamento preliminar do circuito hidraulico

Canal (aduczo em superficie livre) € descarregador
"':1‘:...... — inicial para descarga dos caudais aduzidos
I excedentarios de Qmax, com énfase para:as

¥ situacoes de cheia

Conceitos basicos para dimensionamento preliminar do circuito hidraulico

Canal (free surface flow) and initial lateral
spillway to deliver to the river the
discharge that exceed Qmax,.with
issander flood conditions

Terreno natural . [PT]
Dimensionamento hidraulico
baseado no pressuposto de

escoamento do caudal maximo
derivavel, Qmax, em regime

h+025 uniforme, portanto, com perda de

— carga unitaria, i, igual ao declive
3'/ a &\ do fundo do canal.

- |lmim )

|
I

Terreno natural (declive estimado
com base na topografia)

" 05 b+2 e* " 3.0
v Pressupostos

- Declive do fundo do canal: 1 m/1 km (i = 0.001 =0.1%)

- Largura minima do canal (rasto do canal): b >= 0.5 m

- b/h=1.5, sendo h a altura do escoamento uniforme de Qmax no canal
- Espessura das paredes do canal e da laje de fundo: e* = 0.20 m

- Espessura do betéo de regularizacao sob a laje de fundo: 0.15 m

v'Formula de resisténcia ao escoamento — Formula de Manning-Strickler

Q=KSR?i"2  comR = raio hidraulico = S/P S = seccido do escoamento

P = perimetro molhado K = coeficiente (para betdo aprox. 75 m'?3 s-1)
Etapas do dimensionamento
i P b —yh-oq—yomax—l
538

[EN]

Natural terrain

Design based on the
assumption of uniform
flow for Qmax, accordingly
with friction losses, i,
equal to the slope of the
bottom of the canal

Natural terrain (slope estimated
based on the topography)

2e* T 3.0
¢ v'Assumptions

- Slope of the bottom of the canal: 1 m/1 km (i = 0.001 =0.1%)

- Minimum width of the canal: b >=0.5m

- b/h=1.5, h being the water depth for Qmax uniform flow

- Thickness of the walls of the canal (lateral and bottom): e* = 0.20 m
- Thickness of the ground regularization concrete: 0.15 m

v'Uniform flow head losses formula — Manning-Strickler formula

Q=KSR? {12  withR = hydraulics radius =S/P S = flow cross section
P = wet perimeter K = coefficient (75 m'3 s for concrete)

Design steps

P b mmmp h s Q <mmd Qmax w—
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Terreno naturl . [PT]

h+025

T Terreno natural (declive estimado
“02 — com base na topografia)

05 b2 e 3.0

v Pressupostos
- Declive do fundo do canal: 1 m/1 km (i = 0.001 =0.1%)
- Largura minima do canal (rasto do canal): b >= 0.5 m
- b/h=1.5, sendo h a altura do escoamento uniforme de Qmax no canal
- Espessura das paredes do canal e da laje de fundo: e* = 0.20 m
- Espessura do betéo de regularizagéo sob a laje de fundo: 0.15 m

v Férmula de resisténcia ao escoamento — Férmula de Manning-Strickler
Qmax = K S R?3 {2 com R = raio hidraulico = S/P K coeficiente (75 m'? s para betéo)

Etapas do dimensionamento

s s a @ = hl) S = p( KM
Arbitrio de um valor inicial para b mP h() = b()/1.5 =P B = 2 ht) 5 biY)

RO = S / P

mPp- formula MS mmp Q) €= Qmax s Se Q) > Qmax =P b2 < b("
Se Q" < Qmax == b2 > b(1)

40

el Repeticdo do procedimento ata que Q) ~ Qmax (Opgao do Excel goal seek)

Natural torrain . [EN]

Natural terrain (slope estimated
based on the topography)

0.5 b+2e* 3.0
v Assumptions

- Slope of the bottom of the canal: 1 m/1 km (i = 0.001 =0.1%)
- Minimum internal width of the canal: b >= 0.5 m
- b/h=1.5, h being the water depth for Qmax uniform flow
- Thickness of the walls of the canal (lateral and bottom): e* = 0.20 m
- Thickness of the ground regularization concrete: 0.15 m
v Uniform flow head losses formula — Manning-Strickler (MS) formula
Qmax = K S R?% 2 with R = hydraulics radius= S/P K coefficient (75 m'® s°' for concrete)

. N ) A) - h) S = p(M KM
Assumption of an initial value for b() = h() = b(1)/1.5 == P = 2 hh) + b

R(M = s/ pM)

=P MS formula mep Q) ¢mmPp- Qmax maPp- If Q) > Qmax mmp-b@ < b("
If Q) < Qmax ==Ppb2 > b1

el Repetition of the procedure until Q) ~ Qmax (Excel goal seek option) FC

Terreno natural [PT]

Custo do canal

S~. Terreno natural (declive estimado
; o= com base na topografia)
05 b+2e" ' 3.0 ’ ~
v Pressupostos
- Declive do fundo do canal: 1 m/1 km (i=0.001)
- Largura minima do canal (rasto do canal): b >= 0.5 m
- b/h=1.5, sendo h a altura do escoamento uniforme de Qmax no canal
- Espessura das paredes do canal e da laje de fundo: e=0.20 m
- Espessura do betao de regularizacao sob a laje de fundo: 0.15 m

v  Formula de resisténcia ao escoamento — Formula de Manning-Strickler

Qmax = K S R28 {112 com R=raio hidraulico= S/P K coeficiente (para betao aprox. 75 m'? s)

v'Custo da construcao civil
- Betdo de regularizacdo: 80 €/m?
- Betdo armado: 200 €/m3
- Escavacao e colocacédo em depdsito: 30 €/m?3
- Cofragem externa: 20 €/m? mmmmm) 2 (h + 0.25 + 0.20) m?/m (area por metro linear de canal)
- Cofragem interna: 20 €/m2 wmsmmmp [ 2 (h + 0.25)] m?/m (area por metro linear de canal)

v'Custo do equipamento
- 5% do custo da construcao civil

542
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Natural terrain .

Cost of the canal

S~o Natural terrain (slope estimated
S based on the topography)

0.5 b+2e* 3.0
v' Assumptions

- Slope of the bottom of the canal: 1 m/1 km (i = 0.001 =0.1%)

- Minimum internal width of the canal: b >= 0.5 m

- b/h=1.5, h being the water depth for Qmax uniform flow

- Thickness of the walls of the canal (lateral and bottom): e* = 0.20 m
- Thickness of the gorund regularization concrete: 0.15 m

v Uniform flow head losses formula — Manning-Strickler formula
Q=KSR23i? with R = hydraulics radius =S/P S = flow cross section
P = wet perimeter K = coefficient (75 m'3 s for concrete)

v'Civil construction cost

- Ground regularization concrete (15 cm thickness): 80 €/m? v Equipment cost

- Reinforced concrete: 200 €/m? - 5% of the civil construction cost
- Excavation and deposition: 30 €/m3

- External formwork: 20 €/m? s 2 (h + 0.25 + 0.20) m?/m (area per linear meter of canal)

- Internal formwork: 20 €/m? mssss [ 2 (h + 0.25) ] m2/m (area per linear meter of canal)
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Natural terrain

Natural terrain (slope estimated
based on the topography)

0.5 b+2 e* 3.0
Natural terrain

The excavation volume

depends on the average

slope of the hillsides of
the natural terrain

AVERAGE SLOPE
ALONG THE CANAL

Natural terrain

[ [— »

[ [Em—
—_

Rampas de salvamento do
canal (canal rascue ramps)

Rampa de saida
(exit ramp)

Forebay (it promotes the transition between the free surface flow in the canal and the
pressurized flow in the penstock) — civil construction cost approx. equal to the cost of
50 m of canal; equipment cost equal to 25% of the civil construction cost

Céamara de carga (promove a transigcao entre o escoamento em superficie livre no canal e o escoamento em
pressao na conduta forgcada) — custo da construgao civil aprox. igual ao custo de 50 m de canal; custo do
equipamento igual a 25% do custo da construgdo civil

Upstreamito
downstream
view

Conceitos basicos para dil i iminar do circuito hidrauli

e calculo de custos

Steel penstock (pressurized flow) - installed
in open air on support blocks and with anchor
blocks in any profile singularity (curves either in
plant or vertical profile)

Conduta forgada em ago (adugao em pressao) —
instalada ao ar livre apoiada em macigos de apoio e
dispondo de macicos de amarragao nas singularidades em

planta e em perfil)




Ci itos basicos para di i preliminar do circuito hi ico e calculo de custos

Steel penstock (pressurized flow) — installed
in open air on support blocks and with anchor
blocks in any profile singularity (curves either in
plant or vertical profile)

Conduta forgada em ago (adugao em pressao) —

instalada ao ar livre apoiada em macigos de apoio e
dispondo de macicos de amarragao nas singularidades em

Construction of

Penstock the.support '

[PT] Conceitos basicos para dimensionamento Erellmlnar do circuito hidraulico e calculo de custos

R
v'Pressupostos
- dimensionamento resultante de otimizagdo técnico econémica tendo em conta .... mas ...
- velocidade maxima do escoamento da ordemde3m/s-Q=v S
- diametros, D, comerciais disponiveis de 50 em 50 mm
v'Foérmula de resisténcia ao escoamento — Formula de Manning-Strickler

Q = K S R23 J'2 Q caudal (m¥s); D diametro (m); S = Tt (D/2)2 (m?); R = D/4 raio hidraulico (m); J perda
de carga unitaria (-); K coeficiente (para ago aprox. 90 m1/3 s-1); Ah = J L perda de carga (m)

(Nota: analisar a perda de cota do rasto do canal adicionada com a perda de carga na conduta forgada para o caudal maximo
derivavel, J L, de modo a nao exceder aprox. 5% da queda bruta. Relativamente a este limiar, o valor obtido deve de ter em conta
ainda uma folga para atender as demais perdas de carga néo contabilizadas, incluindo a perda de carga na adug&o)

v'Espessura da conduta - 1 m ca (coluna da agua) = 0.1 kgf/cm?; ey 0s50 = 0.1 €M)

1.5xm’%‘6(m)xn(m)x1oo

e (cm) = +e 50(cm)
- 2 €orrosao
Il 2400 (kgf/cm?) »
[EN] C itos basicos para di i iminar do circuito hidraulico e calculo de custos [PT] Conceitos basicos para dimensionamento Ereliminar do circuito hidraulico e calculo de custos

Electrical

v'/Assumptions
- design resulting from a technical economical optimization based on the cost of the penstock versus the
cost of the energy losses along the same ... but ...
- maximum flow velocity of approx.3m/s-Q=v S
- commercial diameters, D, available each 50 mm (theoretical diameter rounded to the next higher
commercial diameter)

v'Flow resistance formula — Manning-Strickler formula

Q=K S R%3J12 Qdischarge (m¥s); D diameter (m); S =  (D/2)2 (m?2); R = D/4 hydraulic radius (m);
J friction slope (-); K coefficient (for steel approx. 90 m'? s*'); Ah = J L head loss (m)

(Note: The sum of the decrease of the elevation of the bottom of the canal with the head loss along the penstock for the design
discharge, J L, and with a safety gap of a couple of meters to account for all the remaining head losses along the hydraulic
circuit should not exceed approx. 5% of the gross topographic head)

v'Thickness of the penstock - 1 m wc (water column) = 0.1 kgf/cm?; e ,rosion = 0-1 M
H m

1.5 x%”xD(m) x 100

e(cm) = 2400 (kgf/cm?) + €corrosion (€M) B

Custo da
conduta

baseado no
custo do

v Peso da conduta
peso (kgf/im)=vy, (kgf/m3)><21'r><[D(m)/2+e(m)/2]><e(m)

peso (kgfim)=y, (kgf/m3)><1'r><[D(m)+ e(m)]xe(m)
Y, =7800 kgf/m3 (peso especifico do a¢o)
v'Custo da conduta (equipamento) colocada em obra com base no custo do aco
- Cu,;,=6 €/kgf

v Custo da construcao civil por metro linear (macigos de apoio e de amarracao)
-cu=350€/m

Etapas do dimensionamento
Qmax “+” v=3 m/s > Dyegrico B Deomercial “ + “ Comprimento real wjp- Perda de carga ujp Comp.a’n'vel?

Nac 551




[EN] Conceitos basicos para dimensionamento preliminar do circuito hidraulico e calculo de custos

[p'n Conceitos basicos para dimensionamento preliminar do circuito hidraulico e calculo de custos

Dimensio-
Penstock namento da
cost based conduta
on the steel
cost
v" Peso da conduta
e peso (kgf/m) =y, (kgf/m3 ) X 21 X [D(m)/2 + e(m)/2] X e(m) e
v Welght o_f the penStOCK 3 peso (kgf/m) =y, (kgf/m3)>< 7 X [D(m) + e(m)] X e(m)
weight (kgf/m) =y, (kgf/m*)x21m x[D(m)/2 + e(m)/2] xe(m) 500 gt oo o oo,
A Ya= gf/m” (peso especifico do ago,
Welght (kgf/m) =Y, (kgf/m“)><1'r><[D(m)+e(m)]><e(m) v’ Custo da conduta (equipamento) colocada em obra com base no custo do aco
agr - - Cu,,=6 €/kgf
Y= 7800 kgf/"‘3 (specmc WEIght of the Steel) v Custo da construcéo civil por metro lineae (macicos de apoio e de amarragao)
v Cost of the penstock (equipment) installed in situ based on the steel cost _cu-co0om i .
- Cug =6 €/kgf Etapas do dimensionamento
- - Qmax 47 v=3mis i QMX=VS' i D, B Dooma W ST Ceonrsnl2F gy
v'Cost of the civil construction by linear meter (support and anchor blocks) S* = T (Dyesric’2)? Rpidrautico = D/4
-cu =350 €/m o Ah = i x comprimento real = Perda de
formula de MS * J (perda de carga unitaria) ’ carga na conduta forgada -
0 D
Compativel com o pressuposto de maxima perda de carga Nao ’ proximo Dgomercial
Qmax “+”v=3m/s * D, ; ’ D -+ “ Real lenght W Head losses > Compatible? <= total de (1-0.95) da queda bruta ( ... atender a diminuigéo da cota do si * D
I< | - canal + folga para outras perdas de carga ... ) im comercial 553
[EN] Conceitos basicos para dimensionamento Breliminar do circuito hidraulico e calculo de custos Conceitos basicos para p do circuito a e calculo de custos

Design

of the
penstock

v Weight of te penstock N
weight (kgf/m) = Ya (kgf/m™ ) x 27 x [D(m)/2 + e(m)/2] x e(m)

weight (kgf/m) =y, (kgf/m3 )X X [D(m) + e(m)] x e(m)

Ya = 7800 kgf/m3 (specific weight of the steel)

v’ Cost of the penstock (equipment) installed in situ based on the steel cost
- Cu,,=6 €/kgf
v Cost of the civil construction by linear meter (support and anchor blocks)

- cu = 350 €/m

“ oy Qmax = v S* D ) D
Qmax ¥v=3mis ’ S* =T (Dtheorelicallz)z ’ ’

S = 7 (Dcommerciar’2)? ’

I:‘hydraulic =

MS formula wp> J (friction losses) W Ah = J x real length = penstock head losses <@

Compatible with the assumption of total maximum head
<P |osses of (1-0.95) of the gross head ( ... account for the decrease of )
the elevation of the canal bottom + a safety gap for additional head losses ... )

No ’ next Dcommercial
Yes * Dcommercial
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Central hidroelétrica

Powerhouse
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Pelton turbine (impulse turbine,
high head, with vertical or
horizontal shaft)

(<] [E—
—

Caixa Espiral/Caracol

Distribuidor

Francis turbine
(reaction
turbine, medium
head)

[ [Em—
—

do circuito hidrauli

Ci itos basicos para di

Turbine Application Chart
1000

e célculo de custos

%/@2:0

Pelton Wheel (1)
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o

TF

Head (m)

1 RL
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| [Kaplan Turbines _I\

X

1 10 Flow (m¥s) 100

do circuito hidrauli

e calculo de custos

Conceitos basicos para di

I M
%, ~Pelton ‘?‘E'uﬁ} qs'bﬁ;.

Met head [mi)

Turbine application
chart
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[p'n C itos basicos para di do circuito hidraulico e calculo de custos [PT] Conceitos basicos para di i imil do circuito hidraulico e calculo de custos
Powerhouse Powerhouse
Transformer (el Ly S Transformer Power Lines F

Powerhouse

Turbine

v'Custo _de uma_central hidroeléctrica _a céu aberto,

Ta)
-
=
Y/

e
I;;.-\ -,

QI
bzrzrrrrerehy %

N

[of

incluindo subestacéo anexa

ct = KP P0.7 H -0.35

poténcia

em que ct (€) é o custo total; K, um fator igual a 5000000
ou a 4500000, para turbinas do tipo Pelton e do tipo
Francis, respetivamente; P (MW) a poténcia instalada; e e
Hpotencia (M) @ queda de calculo da poténcia. Do anterior
custo total, admite-se que 75% sejam custos dos
diferentes equipamentos instalados na central e 25%,
custos com a construgao civil.

Generator

(<] Ery—
n © 563




Ci itos basicos para di i preliminar do circuito hidraulico e calculo de custos

T
™3
=
Y/

. -
i o R
—

QI
Sy

o,

%
7

(<] [E—
—

v'Cost of an open air powerhouse, including substation:

0.7 -0.35

ct= KP P Hpoténcia

where ct (€) is the total cost; K, is a factor equal to
5000000 or to 4500000 for Pelton and Francis turbines,
respectively; P (MW) is the installed capacity; and Hpgncia
(m) is the net head considered in the computation of the
installed capacity. From the previous cost, it can be
considered that approximately 75% are equipment costs
and 25%, civil construction costs

[EN]

Conceitos basicos para dil i preliminar do circuito hidraulico e calculo de custos

Powerhouse
Transformer

Generator

Power Lines
\

C | enorgia iica 20292024
—_

o U
pectively; P (MW) is the installed capacity; and H, e
(m) is the net head considered in the computation of the
installed capacity. From the previous cost, it can be
considered that approximately 75% are equipment costs
and 25%, civil construction costs

_EkVAJ
cos o eSS

- Fiscalizacao

- Ligacé@o a rede elétrica nacional

- Acessos (obra e exploracao)

- Imprevistos, estaleiro, ensecadeiras,
desmatacao/desflorestacao, desvio provisorio

- Aquisicao de terrenos

v Custos anuais

Conceitos basicos para dimensionamento Ereliminar do circuito hidraulico e calculo de custos
BRI LIE:TETe) (~1.5 X salario minimo
- manutengao

v Outros custos de investimento
- administrativos He&lUEE0N)

- Estudos e projetos
- de utilizacao e licenciamento [EEAL EN o G N e )

Ligacao a rede:

70 €/m + 40000 €

para o painel na
subestacao
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Conceitos basicos para dimensionamento Ereliminar do circuito hidraulico e calculo de custos

7] v Other investment costs

- Studies and designs
- Site supervision

- Connection to the electrical grid
- Roads (for construction and exploitation)
- Unforeseen, site facilities, coffer dams,
river bypass, deforestation)
4 - Land acquisition

| v Annual costs

| - Operation NEEEETINTENT)

| - Maintenance

- Administrative HeURZLN)
- Licensing and exploitation A e E e 1

Connection to the
grid: 70 €/m + 40000
€ for the substation
panel

[ [Em—
—_

/ 6 J\ Energy income
Hudro@

Energy




_ CRITERIOS DE ANALISE ECONOMICA
ANALISE DA VIABILIDADE ECONOMICA DE SOLUGOES
ALTERNATIVAS DE UM MESMO PROJETO Mariz Manucla

Portela

Economical analysis criteria
Economical feasibility study of the alternative solutions

of a same project

(<] [Er—
—

Critérios de analise economica

[PT]

Um projeto visa a satisfacdo de um dado objectivo representando,
normalmente, uma das vias possiveis para satisfazer esse objectivo, vias por
vezes concorrentes entre si ou até mutuamente exclusivas

—

Necessidade de avaliar em que medida o
projeto satisfaz ou nio o objectivo

Definicao de projetos alternativos

. o Comparagao dos diferentes
tecnicamente viaveis

projetos numa base comum

. :

| Critérios de analise econémica |

busnness

[EN] General criteria of ecc ical analysis applied to the comparison of alternative solutions of a same projects

A project aims at satisfying a specific objective, often representing
one of the possible ways to comply with that same objective. Those
ways often compete each other or even are mutually exclusive

Evaluation to which extend the
project fulfills or not the objective

Definition of alternative
solutions of a same project
all of them technically
feasible

Comparison of the
different solutions in a
common basis

. =

Cf
e

b ......... f tlnvestn(]ent = Economic analysis
ene L e criteria
business

ison of alternative solutions of a same projects

General criteria of ecor ical lysis applied to the

FLUXOS MONETARIOS (custos e receitas)
. numa dupla perspetiva: montante e ocorréncia ao
longo do tempo (calendarizagdo). Quanto mais
rigorosas forem as estimativas dos fluxos monetarios
inerentes ao projeto, tanto mais os resultados da analise
econémica poderdo contribuir para a comparagdo de M
solugdes e para a fundamentacéo de decisdes ou seja,

para a identificacdo, de entre projetos alternativos
tecnicamente viaveis, do melhor projeto.

MONETARY FLOWS OR CASH FLOWS (cost and incomes)

. in a double perspective: amount and occurrence in time (time
schedule). The more precise are the estimates of the monetary fluxes
the more the results from the economic analysis will contribute to the
comparison and to the identification of the more correct and profitable
solution among the alternatives solution of a same project, all of them

technically sound.




General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

CONSTANT MARKET PRICE SYSTEM referred to a particularly year,
generally the first year of the exploitation period — this price system
avoids the consideration of the inflation by considering that it equally
affects all the monetary components of the system.

Monetary flows: investment cost, including reposition cost, as costs

occurring at specific moments; exploitation and maintenance costs,

as annual cost; incomes, ....).

SISTEMA DE PRECOS DE MERCADO CONSTANTES rederidos a um dado ano,
geralmente, o ano de inicio de exploracdo — tal sistema evita, em certa medida, a
consideracdo da inflacdo admitindo que a mesma afeta de igual modo todas as
componentes do projeto.

Custos de investimento, correspondendo, muito frequentemente, a gastos pontuais no
tempo; custos de exploragao e de manutengdo, como encargos normalmente anuais;
custos de reposi¢éo dos equipamentos e receitas

(<] [Er—
—

General criteria of ecor ical analysis applied to the parison of alternative solutions of a same projects

¢ PERIODO DE ANALISE: periodo de tempo a que se refere a andlise econdémica e para o
qual sdo comparados (em termos econémicos) 0s custos e as receitas tendo em vista
apreciar a viabilidade do projeto ou identificar o projeto mais vantajoso (periodo de vida util
do projeto, horizonte de planeamento, questdes relacionadas com o licenciamento...).

Ao longo deste periodo considera-se que os fluxos monetarios sdo sempre atribuidos ao fim
do ano a que se referem.

Period of analysis (often the lifetime of the most relevant components): period of
time considered in the comparison - in economical terms - of the costs and
of the benefits. The appraisal of the economic feasibility of the project and
the comparison among alternative solutions of a same project is done for
that period. Any monetary flow during the period of analysis is always
assigned to the end of the year to which it refers

Monetary flux in year i: investment cost,
li, income, Ri, exploitation cost, Ci, ....,

1 2 veas i i+1 . Ano
[ [Em—
B

General criteria of economical analysis applied to the comparison of alternative solutions of a same projects
Taxa de atualizagao

Os fluxos monetarios ocorrem em diferentes instantes: fluxos passados, presentes e futuros
que ndo sdo diretamente comparaveis entre si. A transferéncia no tempo da possibilidade de
dispor de um bem tem a carateristica de uma troca entre bens diferentes.

A taxa dessa troca desempenha o papel de uma relacdo de prego — taxa de atualizag@o anual,

t, prevalecente num certo momento (quanto estou disposto a deixar de consumir hoje para
consumir no futuro ou quanto nao consumirei no futuro por preferir consumir hoje).

DISCOUNT RATE

Cash flows occurring at different instants are not
directly comparable. The transference of the
ownership of a good from the present to the future,
or vice-versa, has the characteristic of a
asset/good exchange.

The rate of that exchange is the discount rate.

It measures how much | am willing to save in the
present in order to spend in the future or, on the
contrary, if | prefer to consume today because |
know that it is not worthwhile to save for the future.

General criteria of ecor ical lysis applied to the parison of alternative solutions of a same projects

DISCOUNT RATE - THE INTEREST RATE USED IN THE DISCOUNTED CASH
FLOW ANALYSIS TO DETERMINE THE PRESENT VALUE OF FUTURE AND
PAST CASH FLOWS

|Iohl Monthly Income | s
[avings ]

| Monthly Amounts |
Savings Accounts|
Individual Investments|
Other|

S
S
S
Other S
S
S

Other|
Total Saving

[Debt Payments

Mortgage

Mortgag
Bank Loan:

Car lease Loan|
Credit Cards

Other

17 G C B R

Other
Total Debt Payments|
ixed

Home

Real Estate Taxes| $
Maintenance Fees| §
Other s




General criteria of economical analysis applied to the comparison of alternative solutions of a same projects
A taxa de atualizagao, t, permite calcular o valor que se atribui num dado instante a um fluxo
monetario ocorrente num instante diferente.
A fixacdo da taxa de atualizacao, t, reflete a escolha entre consumir hoje ou no futuro e tem em
conta, entre outros fatores, a taxa de juro do mercado, a disponibilidade de capitais, 0 risco
associado ao projeto, a inflacao esperada, etc.

The discount rate, t, allows to assign a present value to monetary
flows/cash flows (referred to a market price system) that occurred in the past or will
occur in the future.

The value adopted for the discount rate, t, reflects the choice between
consuming today instead of consuming in the future or vice-verse and takes
into account, among other factors, the market interest rate, the availability
of the capital, the bank interest rate, the risk of the project, the expected
inflation, etc.

ANUIDADES

General criteria of ecor ical analysis applied to the parison of alternative solutions of a same projects

Time transference of monetary flows/cash flows in a system of constant market
prices

Let n denote the length (expressed in years) of the period of analysis, from year 1 to
year n. One monetary unit of today will be change in year n by (1 +’[)n monetary units

and one monetary unit of year n will be change today by 1/(1+t)" units (discount
factor)
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.. expr the increase/decrease suffered by monetary fluxes when transferred in
different “time” directions - present worth or value factor for a single monetary flux
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[PT] General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

1. Fator de atualizacdo fornece a depreciac@o sofrida pelos fluxos monetarios
quando transferidos para o presente. O valor presente, VP, de uma unidade

monetaria que venha a ocorrer no ano i € dado por: yp :;Ci

1+t
2.0 valor presente, VP, de uma sequéncia de custos Ci designa-se por valor
acumulado atualizado para o inicio do 12 ano sendo dado por:
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3.0u, se os fluxos monetarios forem constantes (or if the monetary fluxes are constant
i.e., if they represent an annuity);
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[EN] General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

1.The “actualization” or discount factor evaluates the depreciation suffered
by the monetary flows/cash flows when transferred from the future to the
present. The present value, VP, of C; monetary units assigned to the end of
year i is given by: vp - 1 s
1+t
2.The present value of a sequence of monetary flows referred to the first year
of the analysis period - accumulated net present value or simply net

present value - is given by:
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3.If the monetary fluxes are constant, i.e., if they represent an annuity:
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[PT] General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

VP: valor presente ou valor acumulado atualizado para o inicio do 12ano

Fator de atualizacdo a taxa t para o

[EN] General criteria of ecor ical analysis applied to the parison of alternative solutions of a same projects

Present value or cumulative presente value, VP, referred to the beginning of the first year

“Actualization” or discount factor
for the discount rate t and for the
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Fator de capitalizacdo a taxa t para o termo do periodo de m
anos de uma série uniforme de fluxos monetarios (anuidades)
(1+t)(m_1) ocorrentes no fim de cada ano
t Capitalization factor for the discount rate t and for the end
of the period of m years with annuities, each one occurring
at the end of each year

PRESENT VALUE, PV, OF FUTURE MONETARY FLOWS/CASH FLOWS
(all the monetary flows are referred to a constant market price system for the
beginning of year 1 —instant 0 — and allocated to the end of the year in which

they occur; the instant 0 is the end of year -1/beginning of year 1)

“Actualization” or discount
factor for single monetary

1 flow in year n
PV
1 2 3 4 "'... .. nl1 n1'n Year 1
Instant 0 (1 + t)n

“Actualization” or discount

\ ' factor for a series of future
Cumulative annuities during n years
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SUMMARY

PRESENT VALUE, PV, OF PAST MONETARY FLOWS
(all the monetary flows are referred to a constant market prices for the
beginning of year 1 —instant 0 — and allocated to the end of the year in which
they occur; the instant 0 is the end of year -1/beginning of year 1)

PV
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“Actualization” or discount
factor for single monetary
flow in year n
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,/_\

or discount

Appointment

Present value referred to
instant 0, A*, of the
sequence of annuities

A* = 1 A=«

Cumulative present value, A, of the
sequence of annuities — referred to the
beginning of the first year with annuities
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e -1Insta\::?)r t v" Number of years: (j-1) 7" Number of years of the perlod
[ E—— (c[— ’ with annuities: [ (n-2) —j +1]
Appointment ECONOMIC INDICATORS

The assessment of the economic feasibility of a project technically sound or the
comparison between alternative solutions of a same project all of them
technically sound are based on economic indicators:

- Net present value, NPC (valor atualizado liquido, VAL);

- Benefit/cost ratio, B/C (indice beneficio/custo);

- Internal rate of return, IRT (taxa interna de rentabilidade, TIR);

- Payback period (periodo de recuperagéo do investimento).

NOTATION:
n lifetime of the project = period of analysis
t discount rate (taxa de atualizacédo)
li Investment cost in year i
Oi operation and maintenance cost, O&M, in year i;
Ri income in year i
Si reposition cost in year i

ASSUMPTION: CONSTANT MARKET PRICE SYSTEM (referred to
moment 0)




[PT] Critérios de analise econémica
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Valor
acumulado ANUIDADES
atualizado
para o inicio
do 12 ano
NET | | | l
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Each cash inflow/outflow is discounted back (...forwards) to its present (... future)
value (PV). All the values thus obtained are summed = NPV (net present value)

[PT] Critérios de analise econémica

VALOR ATUALIZADO LiQUIDO, VAL
(NET PRESENT VALUE)

O VAL representa a soma acumulada atualizada dos beneficios esperados

deduzidos dos custos esperados, uns e outros durante o periodo de vida do
projeto:

VAL =R-1-0-S

Se o VAL ¢ negativo, o projeto deve ser rejeitado pois o valor atualizado dos
beneficios ndo compensara o valor atualizado dos custos. Admitindo que nio
existem restricoes a disponibilidade inicial de capital, de entre projetos
alternativos com VAL positivo deve ser escolhido o que apresentar maior
VAL.

[EN] General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

NET PRESENT VALUE, NPV
(valor atualizado liquido, VAL)

The NPV is the difference between the present values of all the cash inflows
and the present values of all the cash outflows over the period of analysis

NPV=R-1-0-S

If the NPV is negative, the project must be rejected as the net present
values of the cash inflows will not compensate those of the cash outflows.

Assuming that there are no restrictions related to the initial capital
availability, among alternative projects with positive NPV, the one with the
highest NPV should be chosen.




[PT] Critérios de analise econdmica

iNDICE BENEFiCIO/CUSTO, B/C
(BENEFIT/COST RATIO)

0 B/C representa o valor presente da “riqueza” gerada pelo projeto por unidade
de “recurso atualizado utilizado”:

R-0O ou B/C = R

o I+S+0

A primeira definicdo é mais coerente uma vez que agrega os fluxos monetarios

anuais ocorrentes durante a vida util do projeto.

Se B/C ¢ menor do que 1 o projeto ndo apresenta viabilidade. Se B/C ¢ igual a
1 o projeto tem um interesse marginal e se ¢ maior do que 1 o projeto é
economicamente viavel, sendo tanto mais viavel quanto maior for B/C.

Um valor unitario de B/C conduz a um VAL igual a zero.

[ [E—— oo
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BENEFIT/COST RATIO, B/C

(indice benefiio/custo)

The B/C represents the added present value of the cash inflow generated by
the project per unit of the present value of the cash outflow (ratio between
present values of the benefits and costs)

_R-0 BC=— 1 _

The first definition is more coherent as it aggregates in the numerator all the
monetary flows that occur annually during the life of the project.

If B/C is less than 1 the project is not economically profitable, that is, is
expected to deliver a net present value. If B/C is equal to 1 the project has a
marginal interest and if it is greater than 1 the project is economically
profitable, the more profitable the greater the B/C.

A unit value of B/C leads to a NPV equal to zero.

[PT] Critérios de analise econdmica

TAXA INTERNA DE RENTABILIDADE, TIR
(INTERNAL RATE OF RETURN)

A TIR é definida como sendo a taxa de atualizacdo que torna o VAL nulo.

S ' ®-o
VAL - .; aeTiRy 3 S _
(1+TIR)" 5 (1+TIR) 1+ TIRY

E determinada de modo iterativo.
Se a taxa de atualizacao for igual a TIR, o VAL torna-se nulo e o B/C, unitario.

De entre projetos alternativos com diferentes TIR, o projeto mais vantajoso é
o que apresentar maior TIR, sendo economicamente viavel se tal taxa superar a
taxa de atualizagéo, t.

[EN] General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

INTERNAL RATE OF RETURN, IRT

(taxa interna de rentabilidade, TIR)

v The IRT is the discount rate that makes the net present value, NPV, equal to 0

and the benefit/cost ratio, B/C, equal to 1
v" It computation is based on an iterative procedure

v" Among projects/alternative solutions of a same project, the one with the highest

IRT is the economically more advantageous

v If the IRT is greater then the applicable discount rate, t, the NPV witll be

positive and the B/C greater than 1 and the project will be economically
profitable

v If the IRT is smaller then the applicable discount rate, the project/alternative
solution is not economically profitable because its cash outflows are greater
then the cash inflows
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Critérios de analise econémica

PERIODO DE RECUPERAGAO DO INVESTIMENTO, T

(PAYBACK PERIOD)

0 periodo de recuperacao do investimento, T, é determinado

com base no cash-flow acumulado atualizado e representa o

numero de anos até que os beneficios se compensem os

custos, uns e outros acumulados atualizados. De entre projecos

alternativos com diferentes T o mais vantajoso é o que

apresentar menor T.

[EN]

General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

PAYBEACK PERIOD

(periodo de recupragéo do investimento)

The payback period it refers to the number of years it takes to

recover the cost of an investment, in terms of present values. It

is estimated based on the cumulative discounted cash flows

(cashflow acumulado descontado)

Among alternative solutions of a same project, the one with the

smallest payback period is the more advantageous

[ [Em—
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General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

Years Present Value of USD 1  |Present value of|Discounted present| Cumulative present
@10.81% cash flows | value of cash flows| value of cash flows
0 - -2992584 - -
1 0.902 427258.65 385387.30 385387.30
2 0.814 427258.65 347788.50 733175.80
3 0.735 427258.65 314035.10 1047211.00
4 0.663 427258.65 283272.50 1330483.00
5 0.599 427258.65 255927.90 1586411.00
6 0.54 427258.65 230719.70 1817131.00
7 0.488 427258.65 208502.20 2025633.00
8 0.44 427258.65 187993.80 2213627.00
9 0.397 427258.65 169621.70 2383249.00
10 0.358 427258.65 152958.60 2536207.00
11 0.323 427258.65 138004.50 2674212.00
12 0.292 427258.65 124759.50 2798971.00
13 0.263 427258.65 112369.00 2911340.00
14 0.238 427258.65 101687.60 3013028.00
15 0.215 427258.65 91860.61 3104889.00

MEASUREMENT  RATE OF RETURN
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ANALYSIS

Each cash inflow and outflow is discounted
back (...forwards) to its present value (PV).
Then all are summed. Therefore, NPV is the
sum of all terms

D:_:i:tl:t Cash flow
Investment| Reposition Annual Annual Discou'nted present value Ctxmulative
Year, i cost, | cost, S O&M, O&M [incomes, R| 00e (discounted PV)) discounted
(1000 €) PV
J (1000€) |§(1000€) | ! (1000€) |J(1000€) Year, i | s | oam R (1000 €)
-2 580 -2 -614.80 -614.80
-1 1200 -1 -1200.00 -1814.80
1 10 200 1 -9.43 188.68 | -1635.55
2 20 250 2 -17.80 | 222.50 | -1430.86
3 10 280 3 -8.40 | 235.09 | -1204.16
4 12 280 4 -9.51 221.79 -991.88
5 360 12 400 5 -269.01 | -8.97 298.90 -970.95
6 12 400 6 -8.46 | 281.98 | -697.43
7 12 400 7 -7.98 266.02 -439.39
8 12 400 8 -7.53 250.96 -195.95
9 12 400 9 -7.10 236.76 33.71
10 12 400 10 -6.70 223.36 250.36
Net present value, NPV (1000 €) 250.36
Benefit/cost ratio, B/C 1.1201
I I | I Payback period year9
: T i T Internal rate of return, IRT 0.0831
2 A | 1 2 3 4 5 6 7 8 9 10 VYear

Instant 0




Discount

- Cash flow
Investment| Reposition Annual Annual Discou.nted present value Cf:mulative
Year,i| cost, | cost,S | O&M, O&M |incomes, R e (discounted PV)) discounted
(1000€) PV
1§ (1000€) |§(1000€) | ! (1000€) |J(1000¢) Year, i ] s | oam R (1000 €)
-2 580 — e -2 -614.80 -614.80
1 1200 o7 1+t~ ﬁ -1200.00 -1814.80
1 10 200 1 -9.43 188.68 | -1635.55
2 20 250 2 -17.80 | 222.50 | -1430.86
3 10 280 3 -8.40 235.09 | -1204.16
4 12 280 4 -9.51 221.79 -991.88
5 360 }/’7‘007" 75\\@01 -8.97 298.90 -970.95
6 I, 12 400 6 ‘.46 28198 | -697.43
7 1 _ 12 400 7 -7.98 266.02 -439.39
8 1+ 12 400 8 753 | 25096 | -195.95
9 12 a0 | | Mterative procedure 710 | 23676 | 3371
10 12 400 : g]:]zo:r;g%g’\::gvro -6.70 223.36 250.36
+ )it Net present value, NPV (1000 €N 250.36
‘ Benefit/cost ratio, B/C \ 1.1201
| I Payback period year9
1 Internal rate of return, IRT 0.0831

Inslanl 0 604

General criteria of economical analysis applied to the comparison of alternative solutions of a same projects

It is advantageous to represent the temporal allocation of the
monetary flows in order to easily identified the “gap” in time
to consider when computing the different discounted present
values

2 -1 1 2 3 4 5 6 7 8 9 10 Year
Instant 0

Regardless the notation, the exponent is always the NUMBER OF
YEARS (“gap” time) between the END OF THE YEAR in which the
monetary flow occurred and INSTANT O

(1+t)-i-1

Instant 0

(1) Periodo de avaliagdo (época normal) - 05 a 19 de janeiro 2023

(2) Entrega da ultimo trabalho - 28 de dezembro/2023 (Seguranga C8)
(3) Exame de época normal - 12 de janeiro/2024

(4) Exame de recurso - 8 fevereiro/2024

(4) Orais
Dia s janeivo | 129 de janeiro DEZEMBRO 2023

10:00 CABRIL oviL SE TE QU | QU SE sA | Do
11:00 BESTANCA AVELAMOS i T | B B 1 T 2 [ 3
i:ﬁ oo ;‘Z‘;‘;‘; 4 s 6 7 8 9 10
1500 ALY N NN TP 7 2
o 18] 19l 200 2 2| 2] 2
17:00 25 26 27 | 29 30 31
18:00

51532 Rita Maria dos Santos Martinho .

51537 Daniel Almeida Ledo Franco Silva Rio Sordo SE E [ Qu [ aqu| sE SA | bO

54865 Henrique Costa Calado 1 2l 3] 4 5 6 7

54877 Guilherme Duarte Mariano S | 10| nl 13 14

54864 Margarida Isabel Luis Rio 15| e[ 7] 18] 19 20 =21

54861 Matilde Vieira Linhares Figueira Avelames 22| 23| 24| 25 26 27| 28

54880 Miguel Dias Cardadeiro 29 30 31]

51519 Vivian Nepumucena de Sousa |

51857 Ludmila Patricia Furtado Fernandes Rio

54887 Jodo Alexandre Festas Gomes Pestana Bestanca FEVEREIRO 2024

51528 Jodio Pereira SE | TE Qu QU SE | sa ['Ye)

60485 Miguel Luis Joo de Carvalho 1 2 3 4

60484 Tiago Alexandre de Castro Moura da Silva Pe| Rio Ovil 5 6 7 9| 10 n

2;:2: ionatf;:an-dFrldl:)Of K.rause 12 13 14 15 16 17 18

S et ) i~

Rio Cabril

60436 Daniela Tavares Sousa Almeida o Cabrt L 26l [ 2| 2

60487 David José Bernardino Ferreira

54886 Miguel de Jesus Ferreira Anacleto

54875 Diogo Vilardell Gomes Rodrigues Rio Mardo

54881 Rodrigo Miguel Garcia Matias

49711 Sandro Miguel Marques Eugénio

51973 Jodo Miguel de Almeida Xavier Rio Olo
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